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ABSTRACT

Tourette syndrome (TS) is a frequently observed developmental neuropsychological dis-
order occurring in children. The pathophysiology involves both genetic and environmental
factors. In this review, clinical characteristics, pathophysiology, and treatment approaches
based on the pathophysiology of TS are presented. The pathophysiology is the acceleration
of developmental decrement of dopamine (DA) activity at the terminal of nigro-striatal
(NS)-DA system causing DA D2 receptor up-ward regulation. Serotonergic neurons
involving in development of the biphasic sleep-wake-rhythm, and locomotion may be
involved. Pharmacological treatments constitute an important part in managing TS. Small
dose of levodopa and aripiprazole showed the good effect controlling the tics, without side
effects. Intervention with enhancing the day time activity and keeping the regular sleep-
wake-rhythm, and encouraging locomotion are important. The data from Yoshiko
Nomura Neurological Clinic for Children regarding the clinical features and outcomes,
medication effects, and OCD and outcomes are shown. To discuss about the environmental
factor, how the COVID-19 pandemic affected the TS patients is also presented.

Tourette syndrome (TS) is a frequently observed neuropsy-
chiatric disorder in children of all ethnic backgrounds [1-5].
Tics and tic disorders are familiar to most pediatricians,
neurologists, and psychiatrists. The underlying neuronal

Here, I review the clinical characteristics, pathophysiological
considerations, and treatment approaches based on the
pathophysiological neuronal mechanism.

The following subjects are summarized.

mechanisms should be considered when treating TS, as the

underlying neuronal systems of TS involve both systems
controlled by environmental and genetic factors [6—8]. Thus,
for the latter factor pharmacological therapy is essential.

I. Clinical characteristics of TS
II. General approach of treating TS
III. Pathophysiological considerations of TS
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IV. The treatment of TS based on the pathophysiology

V. Data from Yoshiko Nomura Neurological Clinic for
Children
1. Clinical features and outcomes
2. Medication effects
3. Obsessive compulsive disorder (OCD) and outcomes
4. How the COVID-19 pandemic has affected TS

patients
VI. Conclusion

Clinical characteristics of TS

Tic disorders are movement disorders associated with the
wide repertoire of psycho-behavioral disorders [8,9]. Among
the various movement disorders in children, tics are most
frequently observed. Emilio Fernandez-Alvarez and Jean
Aicardi reported that about 40% of almost 700 cases had tics
[10].

Tics are classified as being motor or vocal (phonic) tics,
and each are further classified into simple and complex tics.
According to the type of tics and the duration from the onset
of tics, tic disorders are classified as being transient tic dis-
order, chronic motor tic disorder, chronic phonic disorder,
and chronic multiple tic disorder associated with phonic tics
(TS) [1].

The clinical characteristics of tics are age related. Tics occur
at any age in childhood, but in general around 2—18 years of
age, with a peak at around 6 years [1—4,11,12]. Motor tics tend to
start the earliest, from simple then complex, and phonic tics
tend to start later than motor tics, also from simple to complex
[4,8,11—-13]. The peak severity of tics is often in the second
decade, around 10—13 years in my experience, and then they
decline or cease altogether toward the late teens [4,8,11—13].
However, tics may last through late teens and even into
adulthood [14,15]. Natural course shows the characteristic wax
and wane changes in the types and severities of tics.

Premonitory urge or antecedent sensory phenomena are
often observed. Tics are more common in males than females,
and they are often associated with comorbidities such as
attention deficit hyperactivity disorder (ADHD) and OCD, of
which ADHD starts earlier and OCD tends to start later
[4,8,11—13].

TS is also associated with other psychiatric, behavioral,
and neurological disorders, including aggressiveness, self-
mutilation, panic disorder, depression, autism spectrum dis-
order, restless legs syndrome, and migraine [8,9]. The age-
related occurrence and clinical course are important, and
suggest age-dependent changes in the underlying patho-
physiology [7].

General approach of treating TS

Therapeutic or experimental interventions for TS include
pharmacological and non-pharmacological approaches
[16—-19]. The various types of intervention suggest the
complexity of the pathophysiology of TS [7,20]. There are
currently no clear guidelines regarding the type and when to
start treatment [21-24]. In a clinical setting, the following

processes will help the patient and family to understand the
treatment.

1) Discussion and education of the family and child on TS and
comorbidities. On some occasions, the information needs
to be provided by school personnel.

2) Initial supportive psychoeducational interventions.

3) Advice regarding daily life; such as sleep-wake rhythm,
exercise, attending school, etc.

4) Pharmacological therapy.

5) Behavioral therapy and
therapy.

other nonpharmacological

With regards to when to start taking medication, factors
including the severity of the tics and comorbidities, the age at
onset, current age, and duration from the onset are helpful.
Factors such as the symptoms causing significant distress to
the patient, those having an adverse effect on self-esteem,
difficulty in forming friendships and interactions with peers,
and those interfering with school or work tasks are also
important and should be taken into consideration. In addition,
with regards to factors affecting the family, symptoms
causing distress to the family or impairing the parents' or
siblings’ ability to function in their roles effectively, and with
adult patients the thoughts of the spouse and other family
members should also be discussed [25].

Pharmacological treatment was first reported by Seignot in
1961 who used haloperidol [26]. A similar dopamine (DA)
blocker, pimozide, was introduced later [27,28], and the use of
clonidine was proposed by the Yale group [29—31]. However, a
double-blind study failed to show its effectiveness [32]. The
often used pharmacological treatments for tics include typical
neuroleptics (haloperidol, pimozide, and other classical neu-
roleptics), alpha-adrenergic receptor agonists (clonidine,
guanfacine), atypical neuroleptics and other agents that block
D2 DA receptors (risperidone [33,34], clozapine, sulpiride and
tiapride), and both full or partial DA agonists at dopaminergic
receptors (levodopa, aripiprazole, pergolide-mixedD2/D1
agonist-, talipexole, pramipexole, and terguride-partial D2
agonist), and others. However, the effectiveness of each
medication is not consistent.

With any pharmacological treatment, caution is necessary
with regards to the possibility of side effects, and the dose of
the medication should be titrated according to the severity of
symptoms. The possibility of the medicine causing underlying
problems, such as ADHD and susceptibility to addiction,
should also be taken into consideration [35,36].

Nonpharmacological  approaches include psycho-
education, habit reversal therapy [37,38], comprehensive
behavioral intervention for tics [39], and others. As for surgical
treatment, deep brain stimulation has been reported to be
effective for very severe cases [40,41].

A recent paper entitled “Comprehensive systematic review
summary; Treatment of tics in people with TS and chronic tic
disorder”, reported the following four findings, highlighting
the complexity of practical approaches for TS [42].

(1) High confidence in evidence was observed for compre-
hensive behavioral intervention than supportive
psychotherapy.


https://doi.org/10.1016/j.bj.2021.09.002
https://doi.org/10.1016/j.bj.2021.09.002

BIOMEDICAL JOURNAL 45 (2022) 229—239 231

(2) Moderate confidence in evidence was observed for
haloperidol, risperidone, aripiprazole and others.

(3) Low confidence in evidence was observed for pimozide
and others.

(4) Very low confidence in evidence was observed for
others.

The authors concluded that there is evidence to support
the efficacy of various medical, behavioral, and neuro-
stimulation interventions for the treatment of tics, and that
the efficacy and harms associated with these interventions
must be  considered when  making treatment
recommendations.

Pathophysiological considerations of TS

The report of the effectiveness of haloperidol on TS by Seignot
in 1961 [26] was a breakthrough in the research of the patho-
physiology of TS relating to the involvement of DA
[4,7,8,43—45]. Further extensive research of clinical charac-
teristics, neurophysiological, neurochemical and neuroradio-
logical evaluations have explored the pathophysiology of TS
[7]. Studies on the clinical characteristics have suggested that
genetic susceptibility [6,46], age, and gender are involved in
the pathophysiology of TS [1—4,7,8], i.e. that TS is a genetically
influenced developmental disorder involving males more
than females, and primarily affecting the DA and serotonin
(SHT) neuronal systems [7,8]. Neurophysiological evaluations
have postulated that the main lesions involve the basal
ganglia and functionally related neuro-limbic structures, as
well as areas of the sensorimotor cortex and non-motor cor-
tex, which are targets of the projection of the basal ganglia
through the thalamo-cortical pathways.

Polysomnographic and voluntary saccade evaluations
have suggested hypofunction of nigro-striatal (NS)-DA neu-
rons and association with D2 receptor super-sensitivity [7,8].
Analysis of the sleep factors indicated that activity of the NS-
DA neurons in patients with TS decreases with age faster than
normal, but that it follows a normal age decline with low
levels [Fig. 1] [7,8].
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Fig. 1 Age variation in tyrosine hydroxylase (TH) activity in
the caudate nucleus, and suspected changes in Tourette
syndrome and simple tics.

Tyrosine hydroxylase activity at the substantia nigra has
been shown to gradually increase with age. This is in
contrast to activity at the striatum, the terminal end of the
NS-DA system, which has been shown to exponentially
decrease, most rapidly in the first decade, moderately in the
second decade, and plateauing thereafter, i.e. high activity in
early childhood (over 6 times that in adulthood), decreasing
rapidly until 10 years of age, and then decreasing at a slower
rate until reaching an adult level in the early 20s [47]. The
high activity of tyrosine hydroxylase in early childhood
suggests that DA neurons act not only as neurotransmitter,
but also influence the morphological formation and func-
tional expression of their innervation area, i.e. the striatum
and cerebral cortex. Thus, the postulated decrease in DA
activity in TS patients may be an accentuation or early
occurrence of the normal decline in DA activity, and that this
is a self-limited process but without progressive conse-
quences [7,8,45]. The age-related features and self-limited
process without progressive consequences seen in TS may
reflect these changes. Therefore, in adolescence, when the
age-related decreases become slower, the differences in DA
activity become much less compared to normal. This would
be consistent with the natural remission or disappearance of
tics after adolescence.

In response to the dramatic decrease in the DA system, the
brain compensates through the upregulation of D2 receptors.
Thus, this upregulation of the D2 receptors in TS is a
compensatory or developmental mechanism to maintain the
development of the cerebral cortex. This process is different
from the denervation upward regulation observed in degen-
erative neuronal diseases [7,8].

Polysomnographic studies have also suggested the
involvement of S5HT neurons as well as DA neurons.
Dysfunction or hypofunction of 5HT neurons may affect
orbitofrontal and anterior cingulate non-motor basal ganglia-
thalamo-cortical circuits through projection to the striatum
involving these circuits [7].

Insufficient function of the circuits can then lead to the
development of sympathy and sociality disorders and OCD [7].
Substantial neurophysiological evidence has shown that ab-
normalities in these cortical areas are related to comorbid
conditions associated with TS patients, and may also be
related to complex tics [7].

These two non-motor circuities receive 5HT innervation at
the striatum, indicating that they are affected by environ-
mental factors and are related to the clinical features of TS
[7,8]. Male predominance in TS is due to DA under the influ-
ence of genetically controlled sex differences [48]. Thus, the
activities of DA and 5HT neurons, which have critical ages of
development from late infancy to early childhood, are key
elements in the pathophysiology of TS [7,8]. The clinical
characteristics and evidence reported in neurophysiological
investigations suggest that DA neurons which innervate both
motor and non-motor basal ganglia-thalamo-cortical circuits,
and S5HT neurons which modulate postural tone and loco-
motion and innervate the striatum of the non-motor circuits,
are primarily affected in TS [7]. These developmental pro-
cesses of the striatal projections and efferent pathways of the
basal ganglia also underlie the characteristic clinical course of
TS, that is, the early occurrence of simple tics and late
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occurrence of complex tics and OCD. Thus, simple tics appear
through descending efferent pathways which mature earlier,
while complex tics and OCD are provoked later by dysfunc-
tional cortical areas, which are targets of the basal ganglia-
thalamo-cortical circuits after functional maturation of
ascending pathways of the basal ganglia [7]. Some dysfunction
can be restored by appropriate environmental stimulation, as
the activities of 5SHT neurons are influenced by environmental
factors. Thus, if the activity of SHT neuron is preserved or
improved, the comorbidities of TS may be milder, even though
tics remain prominent. Taken together, these findings suggest
that improvement or accentuation of environmental factors
in early childhood is important for the long-term outcomes of
TS patients [7,8,45].

The treatment of TS based on the
pathophysiology

As shown in section “III. Pathophysiological considerations of
TS”, the pathophysiology of TS may be attributable to devel-
opmental dopamine disorders based on the clinical and
neurophysiological findings [Fig. 2] [7,8,45]. Neurophysiolog-
ical findings shown on the left column of Fig. 2 and clinical
signs and symptoms shown on the right column of Fig. 2
suggest that enhanced developmental decreases in DA activ-
ity lead to compensatory DA receptor upregulation. Decreased
SHT activity further enhances receptor upregulation.
Furthermore, we previously showed that the develop-
mental DA receptor upregulation could be corrected by a very
small dose of levodopa based on extensive sleep studies [49].
Accordingly, we have been using very small doses of levodopa
as pharmacological treatment for TS [45]. We also found that
the effectiveness of a small dose of levodopa on TS was age

Neurophysiological findings

TMs in SREM ()

Voluntary Saccade

«— DA()
(Developmental)

related. In that report, the patients were divided into three age
groups, 6—12 years, 13—20 years, and above 21 years, and the
results showed that the youngest group had the best response
to a small dose of levodopa [45].

Recent reports have indicated the effectiveness of aripi-
prazole in patients with TS [50,51]. Aripiprazole is a partial DA
D2 receptor agonist, and it is a potential new class of medi-
cation for the treatment of TS. Aripiprazole suppresses the
upregulation of DA receptors and normalizes DA trans-
mission. That is, it can act as a DA system stabilizer.

Data from Yoshiko Nomura Neurological Clinic
for Children

For the five years (2015—2020) since I opened my own clinic,
about 1200 TS patients have visited for treatment. The clinical
management and care of TS in my clinic is based on the
pathophysiology underlying TS.

Analysis of the effects of treatment on TS patients in my
clinic are summarized below. We also discuss how certain
environmental changes affect TS.

1) Clinical features and outcomes

2) Medication effects (small dose of
aripiprazole)

3) OCD and outcomes

4) How the COVID-19 pandemic has affected TS patients

levodopa and

Material and Method

Subject
A total of 303 children with TS who were followed for more
than 1 year at Yoshiko Nomura Neurological Clinic for

Clinical Signs and Symptoms

Clumsiness of

pronation / supination
with

Induced rigidity

Leaning of the spine

Sleep stage dependent Receptor 1) Tics
modulation of GMs «— Supersensitivity
(Compensatory) . ADHD
Destructed Saccade (|, S
PET scan -~ _» OCD (through non-motor
f basal ganglia circuitry)

Atonic NREM
Disruption of SWS

Managements:

— Stooped posture

Abnormal interlimb
coordination

Migraine headache
DSPS

1) Small dose of L-dopa in childhood, and aripiprazole if the effect of small dose of L-dopa is insufficient.

2) Increase daytime activity, SSRI after adolescence.

Fig. 2 Pathophysiology of Tourette Syndrome. Abbreviations: SREM; rapid eye movement sleep. NREM; non-rapid eye movement
sleep. SWS; slow wave sleep. TMs; twitch movements. GMs; gross movements. PET; positron emission tomography. DA;
dopamine. 5HT; 5-hydroxytryptamine. ADHD; attention deficit hyperactivity disorder. OCD; obsessive compulsive disorder.
DSPS; delayed sleep phase syndrome. SSRI; selective serotonin reuptake inhibitor.
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Children were evaluated. This number did not include pre-
school children (younger than 5 years of age) or adults (above
19 years of age). According to the type of tics at the initial visit,
the cases were divided into simple tics (146 cases) and com-
plex tics (157 cases) groups. The cases were also divided into
four groups according to their age at the initial visit. Group I;
5—8years of age (lower grade of primary school) Group II; 9—12
years of age (higher grade of primary school) Group III; 13—15
years of age (middle school) Group IV; 16—18 years of age (high
school).

Severity

The overall severity of complex and simple tics was rated by
the author as follows;

Most severe (rated 5)
Tics are present almost all the time, throughout the day.

Severe (rated 4)
Tics are present about half the day.

Moderate (rated 3)
Tics are present more than half a week, there may be days
without any tics.

Mild (rated 2)
Tics are seen occasionally.

Good (rated 1)
Almost no tics observed.

Evaluation of improvement

The improvement rate was calculated as A-B/A (A; the severity
at the initial visit, B; the severity at the end of 2019).

Medications used

In my clinic, for the management of upregulated DA receptor
sensitivity, a small dose of .- Dopa (levodopa) for younger
children, and aripiprazole for older children and adults are
used. Increasing daytime general activity and locomotion
(walking), and keeping good sleep hygiene are strongly
encouraged. These practices will enhance brainstem 5HT ac-
tivity. After adolescence, medications such as selective sero-
tonin reuptake inhibitor (SSRI) may be indicated.

Results

1) Clinical features and outcomes

(1) With regards to the severity of the initial visit, most
cases were rated as 3 and 4. Group IV had the highest
rate (15.8%) of severe cases (rated 5), followed by group
(8.4%) [Table 1, Fig. 3].

(2) All cases were divided into simple tics (motor and
phonic) and complex tics (motor and phonic) groups.
The improvement rate according to the type of tics
showed that the simple tics group (33.0%) had better

Table 1 Severities at initial visit; numbers of the patients.

Most Severe Severe Moderate Mild Total

Group I (5-8y) 9 55 32 1 107
Group II (9-12y) 1 37 85 12 135
Group III (13—15 y) 1 19 21 1 42
Group 1V (16—18 y) 3 5 10 1 19
Total 14 116 148 25 303

improvement than the complex tics group (28.9%). The
follow-up durations were 1.89 years and 2.06 years,
respectively [Table 2, Fig. 4].

(3) The improvement rates according to the age at the
initial visit were compared. The severity score at the
initial visit ranged from 3.2 to 3.58, and at the end of
2019 ranged from 2.28 to 2.42, with a follow-up period
ranging from 1.74 to 2.06 years. All four groups
showed improvement rates of about 30%, with slightly
higher rates in group I, IIl and 1V, and a slightly lower
rate in group II (9—12 years; 28.7%) [Table 3, Fig. 5]. In
addition, the simple tics subgroup had a better
improvement rate than the complex tics subgroup in
groups II and IV.

(4) With regards to the severity at the initial visit, the
most severe cases had the best improvement. How-
ever, the end-point severity was still higher in the
most severe and severe groups, suggesting a limitation
in the improvement. The follow-up duration was
longest in the most severe group, suggesting that a
longer duration was needed to obtain improvements
[Fig. 6].

(5) With regards to follow-up duration, there was a gradual
increase in improvement rate for up to four years.
Those with simple tics showed the best improvement.

(6) Improvement rates were compared between age,
severity and follow-up duration groups. Those in the
youngest group (group I) rated 3 and 4 had a gradual
improvement for up to 4 years, and those rated 3 had
better improvement than those rated 4. The children in
group II (age 9—12 years) and group III (13—15 years) rated
3 and 4 had a gradual improvement for up to 2 years, and
then decreased by 3 years. The children in group IV
(16—18 years) rated 3 and 4 had the worst results.

2) Medication effects

(1) With or without medication
Cases with a follow-up duration of 1 year were
excluded.
Thirty cases did not use medications and 251 cases used
medications. The improvement rate of the cases with
medications was higher (—33.4%) than in those without
medications (—15.1%). The follow-up duration was
slightly shorter in the group without medication (1.43
years) compared to the group with medications (2.13
years) [Table 4, Fig. 7]. In the group with medication,
those with simple tics had better improvement.

(2) The medication and follow-up duration analysis
revealed that the group without medications had less
improvement up to 2 years. The group with medications
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Fig. 3 Severity at initial visit; number of patients (total 303). ‘Ordinate; number of the patients.’

Table 2 Improvement Rate; Simple tics vs Complex tics.

No of Patients Severity at Initial Visit Severity at End of 2019 Improvement Rate Average Follow up years

Simple Tics 146 3.06 2.05 —33.00% 1.89
Complex Tics 157 3.7 2.63 —28.90% 2.06
Total 303 3.39 2.35 —30.60% 1.98
4
35 \
? = \
2.5
\ —— Simple Tics
2
=== Complex Tics
Total
1.5
1
0.5
0
Severity at Initial Visit Severity at End of 2019

Fig. 4 Improvement Rate; Simple Tics vs Complex Tics. ‘Ordinate is the severity rate.’
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Table 3 Improvement Rate According to the Ages at Initial Visit (Group I~IV).

No of Severity at Severity at Improvement Average Follow
Patients Initial Visit End of 2019 Rate up years
Group I Simple Tics 52 3.19 2.19 —31.30% 1.88
(5-87y) ComplexTics 55 3.95 2.64 —33.20% 1.93
Total 107 3.58 2.42 —32.40% 1.91
Group II Simple Tics 65 2.92 1.95 —33.20% 1.91
(9-12y) ComplexTics 70 3.46 2.59 —25.20% 2.2
Total 135 3.2 2.28 —28.70% 2.06
Group III Simple Tics 22 3.7 2.7 —27.00% 2
(13-15y) ComplexTics 20 3.8 2.7 —28.90% 2.1
Total 42 3.48 2.38 —31.50% 2.02
Group IV Simple Tics 7 3 1.86 —38.10% 1.57
(16-18 y) ComplexTics 12 3.83 2.75 —28.30% 1.83
Total 19 3.53 2.42 —31.30% 1.74
4
35 S

\//

2.5

1.5

== Severity at Initial Visit

Severity at End of 2019

0.5

Group | (5-8y) Group Il (9-12y)

Group lIl (13-15y)

Group IV (16-18y)

Fig. 5 Improvement rate according to the age at initial visit (group I ~ IV). ‘Ordinate is the severity rate.’

showed improvements with the follow-up duration.
They also had a higher improvement rate at 1 year and 2
years compared to the group without medications.

(3) The group with medications were classified into “small

dose of levodopa”, “aripiprazole”, and “small dose of
levodopa and aripiprazole” groups. The small dose of
levodopa group showed the best results [Table 5, Fig. 8].
The effects of medications were compared among the
different age groups. In my clinic, aripiprazole is usually
used for older age groups. However, if the symptoms
are severe, aripiprazole is used even in younger cases. A
small dose of levodopa was used in group I and group II.
Both groups showed improvement, with group II
(—45.3%) being better than group I (—36.6%). Those who
received aripiprazole showed a fair improvement in
all ages, and the end-point rate were higher than in
the small dose of levodopa group. The small dose of

levodopa and aripiprazole group showed better results
than aripiprazole group except in group IL

(5) Medications and follow-up duration analysis revealed

=

that the small dose of levodopa group had a gradual
improvement, the aripiprazole group had good
improvement up to 1 year and then a similar effect up
to 3 years, and the small dose of levodopa and aripi-
prazole group also had a gradual improvement, but less
than the small dose of levodopa group.

The effects of medication were compared against the
duration of follow-up and age. The cases who did not
receive any medication were in the younger groups
(group I and group II). The effect of a small dose of
levodopa in group I and II showed a gradual increase.
Aripiprazole had a good effect at 1 year in group I and
IV. In group II, the effect of aripiprazole remained the
same. The small dose of levodopa and aripiprazole
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Fig. 6 Improvement rate according to the severity at initial visit. ‘Ordinate is the severity rate.’

Table 4 Improvement rate of the cases with or without medication.

Severity at Initial Visit

Severity at End of 2019

Improvement Point Improvement Rate (%)

Medication - 3.1 2.63
Medication + 3.43 2.28

—15.10%
—33.40%

—0.47
—1.15

group had an increasing effect up to 4 years in group I
and III, and in group IV the effect decreased as the
follow-up duration increased.

In summary, the severities of the patients with TS ranged
from moderate to severe 1-(1). The results in 1-(2—6) showed

overall improvements in both who did and did not receive
medications, indicating that both pharmacological and non-
pharmacological treatments, such as advice regarding im-
provements in environmental factors, were beneficial in
improving TS. These findings were correlated with overall
severity at the initial visit to the clinic 1-(4), types of tics 1-(2),

3.5

3 A

= Medication —

1.5

= Medication +

0.5

Severity at Initial Visit

Severity at End of 2019

Fig. 7 Improvement rate of the cases with or without medication. ‘Ordinate is the severity rate.’
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Table 5 Effects of the medication.

Severity at Initial Severity at Improvement Improvement
Visit End of 2019 Point Rate (%)
Small dose of levodopa 3.38 2.01 -1.37 —39.00%
Aripiprazole 3.32 2.35 —0.98 —29.40%
Small dose of levodopa + Aripiprazole 3.57 2.46 -1.11 —31.10%
4
3.5
3
95 == Small dose of levodopa
2 Aripiprazole
1.5
Small dose of levodopa
1 + Aripiprazole
0.5
O T 1

Severity at Initial Visit Severity at End of 2019

Fig. 8 Effects of medication. ‘Ordinate is the severity rate.’

age at initial visit 1-(3), follow-up duration 1-(5), and follow-up
duration and age 1-(6).

With regards to the relationship with medications, the
medication group showed better results than the without
medication group 2-(1). The effects of the medication
increased as the follow-up duration increased 2-(2). The small
dose of levodopa group had better improvement than the
aripiprazole and small dose of levodopa and aripiprazole
groups 2-(3). There were some differences in the effects of
medication among the age groups 2-(4), and some between
follow-up duration 2-(5) and age 2-(6).

3) OCD and outcomes
OCD was observed in 39% of all cases, and more often in

those with complex tics (49%) than in those with simple tics
(28%). The most severe (rated 5) and severe (rated 4) cases (48%)

had a higher frequency of OCD than the moderate (rated 3)
cases (32%). The effect of medication was less in the cases with
OCD in group L, II, and III. There was no difference in group IV.
The effect of medication was less in the group with OCD.

4) How the COVID-19 pandemic has affected TS patients

It is known the environmental changes can affect tic
severity. During the months of April and May 2020, an
emergency condition was declared in Japan under the COVID-
19 pandemic. To evaluate how this particular drastic and
unexpected environmental change affected tic severity, we
asked the patients (and their guardians if the patients were
children) how the severity of tics changed during the COVID-
19 pandemic. During the two months of the emergency
declaration, everyone was required to stay at home. Of the
247 TS subjects who were asked about changes in tic severity

Table 6 How the severity of tics changed during the COVID-19 pandemic.

Pre- school Primary school Primary School Middle school High school Adult
(N:9) 79 yrs 10—-12 yrs 13—-15 yrs 16—18 yrs (N:29)
(N:48) (N:83) (N:59) (N:19)

M \ M A% M A% M A% M A% M A
Subject Numbers 9 8 48 42 81 74 58 54 18 13 28 23
Improved (%) 56 63 46 57 44 46 50 46 56 46 39 57

Worsened (%) 11 13 31 19 23 19 12 17 28 23 14 9
Unchanged (%) 33 24 23 24 33 35 38 37 16 31 47 34

M; motor tics, V; vocal (phonic) tics.
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[Table 6], 39—63% stated that they had improved. Further-
more, the improvement was greatest in the preschool age
group. Tics worsened in only a few patients. Factors which
may have influenced the changes in tic severity were both
positive and negative. The former included an increase in free
time, and the latter included isolation from friends and co-
workers, fewer motor activities, disruption of sleep-wake
rhythm, and increased screen time.

Conclusion

Tic disorders are neurodevelopmental disorders involving
both genetic and environmental factors, which may be caused
by the acceleration of developmental decreases in DA activity
at the terminal of the NS-DA system causing DA D2 receptor
upregulation. DA receptor upregulation may be compensatory
mechanism. High DA activity in early childhood plays an
important role in the development of the frontal cortex.
Serotonergic neurons involved in the development of the
biphasic sleep-wake rhythm and locomotion may be involved.
Serotonergic neurons play important roles in the associated
co-morbidity, OCD, by activating the non-motor basal ganglia-
thalamo-cortical circuit.

Treatments should be targeted to the involved neuronal
circuits. Pharmacological treatments plays an important role
in managing TS. A small dose of levodopa and aripiprazole
had a good effect in controlling tics without side effects. We
suggest that DA blockers should not be used before 10 years of
age, as this may exacerbate DA receptor upregulation. In-
terventions that enhance daytime activities, keep a regular
sleep-wake rhythm, and encourage locomotion are important.
Individualized psycho-behavioral support is helpful. Educa-
tion and encouragement are essential to achieve individual
goals in patients with TS.
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