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ABSTRACT

Tourette syndrome (TS) is a neurodevelopmental disorder that begins in childhood and peaks during adolescence. It is characterized by motor 
and phonic tics occurring before the age of 18. The condition may arise from various environmental and genetic factors. Patients undergo a 
comprehensive evaluation, followed by the selection of an appropriate treatment method, such as behavioral therapy, pharmacotherapy, or 
deep brain stimulation (DBS). Given the side effects of medications and the complications associated with DBS, more reliable studies are needed. 
Comprehensive genomic studies and advanced imaging techniques are expected to elucidate the etiology of the disease. This review discusses the 
symptoms of TS, the factors contributing to its development, and the available treatment approaches.
Keywords: Deep brain stimulation, tic disorders, Tourette syndrome, treatment.

Tourette syndrome (TS) is a 
neurodevelopmental disorder characterized by 
symptoms including multiple motor tics and at 
least one phonic tic lasting for more than one 
year. According to the Diagnostic and Statistical 
Manual of Mental Disorders in the United 
States, a diagnosis of TS requires the onset of 
tics before the age of 18, as well as a history 
of at least one year involving a minimum of 
two motor tics and one vocal tic.[1] The disorder 
typically begins around the ages of 6-7, peaks 
during adolescence, and is more commonly 
observed in males. Tics are often preceded by 
a sensory stimulus described as an “increasing 
inner tension”.[2,3]

 Approximately 60-75% of patients with 
TS also have attention-deficit hyperactivity 

disorder (ADHD), while 27% may present 
with obsessive-compulsive disorder (OCD).[4] 
Approximately 86% of patients with TS meet 
the diagnostic criteria for one or more comorbid 
psychiatric disorders.[5] Some studies have 
found enhanced abilities in inhibitory control, 
procedural memory, and habit formation in 
individuals with TS.[6-9]

Individuals with TS may exhibit co-occurring 
characteristics such as autism traits, learning 
difficulties, anxiety, depression, phobias, 
irritability, impulsivity, anger, aggression, 
sleep difficulties, oppositional defiant behavior, 
conduct and personality disorders, or a tendency 
for substance use.[10] Studies have found that 
individuals with TS experience attachment 
anxiety in their relationships.[11] The anger and 
aggression commonly observed in individuals 
with TS are thought to be caused by comorbid 
ADHD.[12]

The etiology of tics should not be directly 
influenced by factors such as cocaine use 
or other medical conditions like Huntington's 
disease.[13] Tics should occur several times a 
day, nearly every day, with no tic-free phase 
lasting longer than three consecutive months. 
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Tics typically decrease during adolescence and 
completely resolve in one-third of patients.[14] 
According to a follow-up study, up to 23% of 
patients may experience persistent tics, and 
in some cases, severe tics may persist into 
adulthood.[15]

FACTORS CAUSING TOURETTE 
SYNDROME

Tourette syndrome is a complex genetic 
disorder characterized by highly variable 
phenomenology, pathophysiology, and etiology. 
Various genetic and environmental factors 
are associated with TS. Environmental factors 
such as prenatal (maternal smoking, low birth 
weight), perinatal (perinatal hypoxia, preterm 
birth), and postnatal (certain infections and 
psychological stress) influences may be linked 
to the disorder.[16]

Genetic factors play a significant role in the 
etiology of TS. Tourette syndrome is highly 
polygenic, and it has been confirmed that 
various genetic variants are widely distributed 
throughout the genome.[17] Copy number 
variations, which involve polymorphisms in the 
number of gene copies due to chromosomal 
deletions or duplications, are considered 
another important source of TS mutations. The 
CNTN6, NRXN1, SLITRK1, and HDC are risk 
genes that affect TS by approximately 1%.[18] A 
specific genetic marker for this disease cannot 
be identified.

According to the findings of a study 
indicating that TS is a neurodevelopmental 
disorder, children with TS exhibit more 
advanced brain functional connectivity, while 
adults with TS show less brain functional 
connectivity. This difference may be due to 
variations in cell and axon pruning, which 
can be influenced by both environmental and 
genetic factors.[19] In individuals with TS, the 
distribution of cerebellin-1 and cerebellin-2 is 
different.[20] The dysregulation of microRNA 
networks also plays a role in the development of 
many neurodevelopmental disorders, including 
TS.[21]

Advancements in electrophysiology and 
neuroimaging have revealed a decrease in the 
volume of the frontal cortex and a reduction 

in long-range connectivity between the frontal 
lobe and other regions of the brain. Tics may be 
a product of dysfunction in inhibitory functions 
within the sensorimotor cortex-basal ganglia 
network.[22]

In the onset of tics, increased activity has 
been reported in the primary motor cortex and 
cerebellum.[23,24] Studies in pediatric TS patients 
have highlighted abnormal white matter in the 
orbitofrontal cortex.[25,26] In children with tic 
disorders and comorbid OCD, reduced volumes 
of the caudate nucleus and putamen have been 
found.[27,28]

In individuals with TS, abnormal levels of 
activity are observed in the insular cortex and 
neural networks involved in tic production, 
including motor cortex regions and the 
putamen, compared to healthy controls. A 
functional connectivity magnetic resonance 
imaging study has shown that increased activity 
in the precuneus is positively correlated with 
the intensity of the provoking impulses. Using 
electroencephalography, the left precuneus has 
been identified as a central hub for increased 
connectivity during tic suppression.[29]

Studies suggest that individuals with TS 
exhibit increased low-frequency power (1-10 Hz) 
activity in the central thalamus, which may be 
related to tics. Other studies have also supported 
the presence of low-frequency activity in the 
anterior globus pallidus of TS patients.[30]

Tourette syndrome is associated with 
dysfunction in the cortico-striatal-thalamo-
cortical brain circuits, which play a role in the 
selection of movements, as well as impaired 
inhibitory (GABAergic) signaling in the striatum 
and cortical motor areas. It is also linked 
to heightened excitability in the limbic and 
sensorimotor regions of the brain, which may 
contribute to the onset of tics.[31]

The pathophysiological hypothesis is 
based on dopaminergic dysfunction in the 
cortico-striatal-thalamo-cortical circuits.[32] 

The pathophysiology of TS is associated with 
impaired migration of cholinergic interneurons 
to the striatum, disrupted dopaminergic 
transmission, and, in rare monogenic forms, 
loss-of-function single nucleotide polymorphisms 
in the SLITRK1 gene.[33]
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Dysfunctions in the dopamine system 
may be due to length polymorphisms in 
the gene locus of the dopamine receptor 
subtype D2. Polysomnographic and voluntary 
eye movement assessments have suggested a 
link between the hypofunction of nigrostriatal 
dopamine neurons and receptor supersensitivity. 
Serotonergic receptors and the SLC6A4 
transporter genes are also implicated.[34]

The activities of dopamine and serotonin 
(5-HT) neurons, which play a critical role from 
late infancy to early childhood, are fundamental 
components in the pathophysiology of TS. 
The cause of simple tics involves dopamine 
neurons innervating the primary affected 
basal ganglia-thalamo-cortical circuits, as well 
as 5-HT neurons innervating the striatum, 
which regulates posture, tone, and non-motor 
functions. Complex tics, on the other hand, are 
triggered by dysfunctional cortical areas after 
the functional maturation of the basal ganglia's 
ascending pathways.[35] If the activity of 5-HT 
neurons is preserved or improved, the tics may 
remain pronounced, but the comorbidities of TS 
could be milder.

Several studies have observed that 
individuals with TS have greater activation 
of the hypothalamic-pituitary-adrenal axis 
and produce higher amounts of corticotropin-
releasing hormone, adrenocorticotropic 
hormone, and cortisol.[36] Immunoglobulin 
synthesis may be impaired in individuals 
with TS.[37] In TS, dysfunctional histamine 
receptor-mediated signaling predisposes to tic 
formation. Later genetic studies have provided 
further evidence that irregular histaminergic 
signaling, its variations, and single nucleotide 
polymorphisms play a causal role in TS through 
excessive transmission in humans.[38]

A rare mutation in the gene encoding 
histidine has been identified in a two-
generation pedigree in association with TS.[39] 
In individuals with TS and a healthy control 
group, when measuring plasma levels of 
multiple cytokines, increased basal levels of 
tumor necrosis factor-alpha and interleukin-12 
were observed.[40]

The gamma-aminobutyric acid receptors 
and hyperpolarization-activated cyclic 
nucleotide-gated channels identified in the 

brain transcriptome of individuals with TS 
provide evidence that the TS phenotype may be 
affected by dysfunction in inhibitory circuits, as 
previously suggested.[41]

A study found that individuals with TS or tic 
disorders are more likely to be diagnosed with 
a streptococcal infection in the year preceding 
the onset of tics, suggesting that streptococcal 
infections may trigger tic behaviors.[42]

TREATMENT OF TOURETTE 
SYNDROME

According to the European Society for 
the Study of Tourette Syndrome in 2011, the 
patient is primarily assessed, and psychological 
interventions are applied. If treatment is not 
effective, pharmacological treatment is provided. 
In severe cases, deep brain stimulation (DBS) is 
performed. The Yale Global Tic Severity Scale 
(YGTSS) is the most commonly used rating scale 
for tic assessment in both clinical practice and 
research. The questionnaire asks individuals to 
rate the severity, number, frequency, intensity, 
complexity, and intervention related to their tics. 
The impairment scale rates the impact of these 
tics on daily life. A higher score corresponds to 
more severe tics. A study conducted in 2021 
showed that the YGTSS is specific for tics.[43]

Effective treatments for children with mild 
to moderate tics include specific behavioral 
techniques such as exposure and response 
prevention, habit reversal therapy, and 
Comprehensive Behavioral Intervention for Tics 
(CBIT).[44]

Non-pharmacological treatments primarily 
include psychoeducation and supportive therapy 
for tics, CBIT, acupuncture, and other similar 
approaches.[45] The 2011 European clinical 
guidelines recommended these treatments.

Psychoeducation involves teaching about 
a condition’s symptoms, causes, prognosis, 
management, and daily experiences in a current 
and clear manner. A review indicates that 
psychoeducation has a positive impact on 
increasing beneficial behaviors in individuals 
with TS.[46]

Behavioral training
Habit reversal therapy consists of training 

to increase awareness of tics and triggering 
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impulses, along with competitive response 
training that involves identifying and applying 
physical responses that prevent the expression 
of tics.

Current tics are listed according to their level 
of severity. Once the patient has learned to 
reliably use a competing response to prevent a 
tic, the treatment focus shifts to the next most 
severe tic. The CBIT, an expanded version of 
habit reversal therapy, includes therapeutic 
strategies such as relaxation training, situation 
management, and interventions based on 
functional analyses to address factors influencing 
tic expression.[47]

In another form of exposure and response 
prevention therapy, all tics are addressed 
simultaneously. Initially, the patient is trained to 
suppress their tics, with suppression durations 
measured using a stopwatch, and the patient 
is motivated through multiple trials. In the 
next phase, the patient is exposed to triggers, 
and they are encouraged to practice in various 
situations, optimizing the process.[48]

Third-wave interventions, as part of 
behavioral therapies, include concepts such 
as metacognitive training, mindfulness, and 
psychological flexibility. These approaches 
suggest that accepting symptoms, rather than 
attempting to control them, may reduce their 
negative effects.[49]

Pharmacological treatment

First-line treatments include clonidine, 
guanfacine, haloperidol, fluphenazine, pimozide, 
risperidone, and tetrabenazine.[50]

Guanfacine is commonly used in TS patients, 
as well as in children with ADHD and tics 
who cannot take stimulant medications, to 
stop unrelated motor and vocal tics. Central 
a-adrenergic agents, such as clonidine 
or guanfacine, are typically the first line of 
treatment. Since they can cause hypotension, 
it is important to monitor blood pressure. 
There is also a risk of rebound hypertension if 
the medication is suddenly discontinued. The 
potential for the medication to cause underlying 
issues, such as ADHD and susceptibility to 
addiction, should also be considered.[51]

Antipsychotics in small doses, such as 
risperidone, aripiprazole, amisulpride, or 

haloperidol, can help control tics. When 
prescribing second-generation antipsychotics 
like risperidone or aripiprazole, weight gain and 
metabolic effects should be monitored. When 
considering medication for tics, the effects on 
comorbid disorders should also be taken into 
account. Aripiprazole may be preferred in 
patients with TS who also have OCD, anxiety, 
or major depressive disorder. Significant 
reductions in tics have been observed in a 
group of patients treated with aripiprazole and 
guanfacine.[52] Risperidone is effective in treating 
tics in TS and is considered safe for short-term 
management.[53]

These medications are used less frequently 
today due to the risk of extrapyramidal 
syndrome. Long-term use of dopamine 
receptor antagonists can lead to extrapyramidal 
symptoms, such as dystonia, akathisia, 
and tardive dyskinesia. Dopamine receptor 
antagonists can cause significant metabolic 
disturbances, leading to weight gain, insulin 
resistance, and generally increasing long-term 
cardiovascular risk. In a randomized study 
involving 10 weeks of use, it was observed 
that these medications increased body mass 
index compared to placebo.[54] A wide range 
of side effects have been reported, including 
sedation, dizziness, drowsiness, muscle tremors, 
dyskinesia, other extrapyramidal symptoms, 
and metabolic syndrome.

Tetrabenazine, a vesicular monoamine 
transporter type 2 inhibitor that depletes 
dopamine from synaptic terminals, can also be 
used for TS; however, it has side effects such 
as nausea, drug-induced parkinsonism, and 
depression.[55]

Olanzapine has been observed to be 
more effective than pimozide in reducing the 
severity of tics.[56] Among other antipsychotics, 
olanzapine has significant activity at 5-HT 
receptors, more so than dopamine receptors, 
and therefore produces fewer extrapyramidal 
symptoms.

Less commonly used treatments include 
anticonvulsants, benzodiazepines, and 
cannabinoids. topiramate, an anticonvulsant 
also used as a mood stabilizer, is better tolerated 
and more effective for children with TS when 
compared to haloperidol and tiapride. Studies 
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have shown that topiramate is effective in 
reducing tics and has been found to decrease 
behavioral and emotional issues.[57] Topiramate 
has side effects, including kidney stones, weight 
loss, and issues with speech and cognition.

Benzodiazepines like clonazepam may be 
effective for mild TS. A study has proven that 
botulinum toxin injections are an effective and 
safe treatment for TS tics.[58]

In several small-scale studies with limited 
evidence, a reduction in motor and vocal tics 
has been observed. For example, two patients 
using Sativex® showed significant improvement 
in both motor and vocal tics.[59]

Jing-an, an oral liquid, is a Chinese 
herbal formula used in the treatment of TS; 
however, its mechanism of action is not 
well understood.[60] In a clinical study with 
deutetrabenazine, no significant difference was 
observed compared to the placebo group.[61]

One of the candidate drug targets, the 
Chinese medicinal herb Semen Ziziphi 
Spinosae, is commonly used as a sedative 
and tranquilizer in the treatment of insomnia, 
anxiety, and other neuropsychiatric disorders. 
Studies have shown that Semen Ziziphi 
Spinosae exhibits neuroprotective activities 
through its antioxidant and anti-inflammatory 
effects.[62]

Gastrodia elata, a Chinese herb, contains the 
active compound gastrodin (Gas), which has a 
wide range of beneficial effects on conditions 
such as headaches, migraines, dizziness, 
infantile convulsions, and tetany. In a study 
focusing on the dopamine and 5-HT systems to 
assess the anti-tic role of Gas in a TS rat model, 
it was observed that Gas could potentially 
exhibit therapeutic effects in TS.[63]

Qiangzhi decoction is a traditional Chinese 
medicine that can alleviate the symptoms of 
TS. It may serve as a potential treatment 
for comorbid TS, but further validation of 
its neurotransmitter and immunomodulatory 
effects is needed.[64]

Fecal microbiota transplantation and 
other treatments

Another study observed in case examples 
of children with TS is fecal microbiota 

transplantation. Wang's study[65] suggested that 
there may be a disruption in the gut microbiota 
of patients with TS, and that improvement 
in the gut microbiota could correlate with 
improvement in tic symptoms. In patients with 
TS, the relative abundance of Firmicutes in their 
feces is lower compared to healthy children, 
while the relative abundance of Proteobacteria 
is higher.

After eight weeks of fecal microbiota 
transplantation, the gut microbial composition, 
particularly Bacteroides coprocola, has 
significantly changed.[66]

In Xi et al.’s study,[67] children with TS 
exhibited different levels of Ruminococcus and 
Bacteroides plebeius compared to children 
with chronic tic disorder. In a TS mouse model, 
weekly fecal microbiota transplantation resulted 
in a significant increase in the abundance of 
Turicibacteraceae and Ruminococcaceae. The 
group treated with tiapride and probiotics 
showed significant improvement in their YGTSS 
scores.

Promising formulations include the intranasal 
use of lurasidone. Instead of antagonizing 
the 5-HT2A receptor or partially agonizing 
the 5-HT1A receptor, the antagonism of the 
5-HT7 receptor may play a significant role in 
lurasidone's effects on cognitive function when 
used to treat atypical antipsychotic-resistant 
cognitive disorders.[68]

Drugs administered via the nasal route 
can bypass the blood-brain barrier, leading 
to higher bioavailability.[69] Continuous use of 
nasal formulations can cause irritation of the 
nasal mucosa, potentially negatively impacting 
patient adherence and the safety of therapeutic 
interventions.[70] One of the side effects of 
lurasidone, which requires attention along with 
the downregulation of the 5-HT7 receptor, is 
sleep disturbance.[71] Advanced technologies 
are required in intranasal formulations to 
enhance therapeutic efficacy and maintain 
stability.

Phosphodiesterase 10A inhibitors are 
continuing to be researched for a wide range of 
indications (schizophrenia, TS, childhood-onset 
fluency disorder, L-dopa-induced dyskinesia in 
Parkinson's disease). Unlike other medications, 
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they are associated with a reduced risk of 
metabolic syndrome.[72]

Clonidine transdermal patch can safely and 
effectively reduce tic symptoms in TS patients 
with ADHD and may potentially be beneficial 
in controlling ADHD symptoms. The site of 
action for clonidine is the locus coeruleus. The 
plasma concentration of the transdermal patch 
does not reach a peak, and continuous use over 
a week is required to achieve maximum efficacy 
and fewer side effects.[73]

Deep brain stimulation

Some patients do not respond to 
pharmacological treatments, including a2 
adrenergic agonists, dopamine receptor 
antagonists, benzodiazepines, antiepileptic 
drugs, and botulinum toxin injections. This may 
lead to self-harming behaviors (e.g., cervical 
myelopathy, bone fractures, retinal detachment) 
and potentially result in temporary or permanent 
disabilities for some patients with refractory 
TS. In these cases, both DBS and ablative 
neurosurgical procedures can be used to manage 
resistant symptoms.

Deep brain stimulation is an invasive 
treatment reserved for severe cases that do not 
respond to other therapeutic approaches.[74] In 
DBS, an electrode is implanted in the brain to 
provide electrical activity, which helps restore 
brain functions. In TS, multiple brain regions 
are targeted during DBS to suppress tics. 
Deep brain stimulation for the treatment of TS 
should be conducted in specialized centers by 
a trained multidisciplinary team consisting of a 
psychiatrist, psychologist, and/or neurologist. 
According to the Tourette Association of 
America database, prior to DBS, the patient's 
co-occurring psychiatric conditions must be 
stabilized, and the patient should not have had 
active suicidal or homicidal thoughts for the 
past six months.[75] Deep brain stimulation is 
considered a last resort due to challenges in 
patient selection, ethical concerns in pediatric 
patients, and the fact that it does not yield the 
same results for every patient.

Deep brain stimulation involves the surgical 
implantation of stimulation electrodes into 
various motor regions of the brain’s cortico-basal 
ganglia-thalamo-cortical circuit, including the 

subthalamic nucleus, globus pallidus internus 
(GPi), and ventral intermediate nucleus.

The first surgical treatment involving 
thalamotomy in the ventromedial-perifascicular 
complex and ventro-oralis internus nucleus 
resulted in a 70-100% reduction in tics.[76]

Deep brain stimulation of the centromedian 
and parafascicular nucleus complex has been 
reported to reduce the severity of motor 
tics and comorbid psychiatric symptoms 
in patients with TS. Reported side effects 
include temporary blurred vision, dysarthria, 
recurrent tension-type headaches, and a single 
seizure-like episode. In one study, DBS of the 
medial thalamic region resulted in an average 
of 50% improvement in overall tic severity after 
a 6-month follow-up.[77]

According to imaging studies, the globus 
pallidus, an element of the basal ganglia-
thalamo-cortical circuit implicated in the 
pathophysiology of TS, has been identified 
as a promising DBS target for managing 
severe and refractory TS.[78] A multicenter 
study in TS patients with medial GPi DBS 
reported improvements in tic severity, comorbid 
OCD, anxiety, depression, and quality of life. 
Posteroventral GPi DBS stabilized comorbid 
OCD symptoms in one patient.[79]

Several case studies have suggested other 
targets for TS treatment, such as the anterior 
limb of the internal capsule, the nucleus 
accumbens, or a combination of multiple 
targets. However, DBS in these regions may 
lead to emotional side effects. Some studies 
have reported clinical improvements in TS 
patients when DBS is targeted at the junction 
of multiple adjacent thalamic nuclei.[79] An 
alternative target includes the Forel’s field H1, 
through which projections from the GPi to the 
thalamus pass. This area has been found to be 
an effective and well-tolerated alternative target 
in two resistant TS cases.[80]

As a result, no significant difference was 
observed among the targets investigated in DBS. 
Ablation and DBS are interventions that block 
the abnormal signaling in the basal ganglia-
thalamocortical network in TS patients. Studies 
investigating the use of repetitive transcranial 
magnetic stimulation (rTMS) as a treatment 
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for TS have typically targeted the primary 
motor cortex or the supplementary motor area. 
Activation of the supplementary motor area 
through neurofeedback may be effective in 
improving tic symptoms.[81]

Studies have shown that in patients with TS, 
the structure and function of the parietal cortex 
are abnormal. According to these studies, 
low-frequency bilateral rTMS targeting the 
parietal cortex may regulate its function and 
enhance inhibition. Improvements in neural 
plasticity have been observed following rTMS 
interventions.[82]

Rhythmic mu-band (10 Hz) frequency has 
been found to be sufficient to significantly 
reduce both the frequency and intensity of tics 
in individuals with TS. This frequency can be 
delivered to patients through wearable devices 
that they can easily use in their daily lives.[83]

In the treatment of TS, individualized 
assessment methods and multidisciplinary 
care are essential. Treatment stages such 
as behavioral therapy, pharmacological 
interventions, and DBS should be carefully 
evaluated. Lesion network mapping, a new 
neuroimaging technique that maps lesions 
to brain networks rather than anatomical 
locations, has been proposed to address this 
challenge. More comprehensive imaging studies 
are needed for TS. Increasing large-scale 
collaborative studies can provide insights into 
genetic factors and treatment development. 
New techniques, such as ex vivo organoids 
derived from induced pluripotent stem cells, 
may clarify pathophysiology. Genome-wide 
association studies will be helpful in further 
elucidating the underlying genetic etiology of 
the disease.
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