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Abstract

Clinical effectiveness and patient perspectives of different
treatment strategies for tics in children and adolescents
with Tourette syndrome: a systematic review and
qualitative analysis
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Background: Tourette syndrome (TS) is a neurodevelopmental condition characterised by chronic motor
and vocal tics affecting up to 1% of school-age children and young people and is associated with
significant distress and psychosocial impairment.

Objective: To conduct a systematic review of the benefits and risks of pharmacological, behavioural and
physical interventions for tics in children and young people with TS (part 1) and to explore the experience
of treatment and services from the perspective of young people with TS and their parents (part 2).

Data Sources: For the systematic reviews (parts 1 and 2), mainstream bibliographic databases, The
Cochrane Library, education, social care and grey literature databases were searched using subject
headings and text words for tic* and Tourette* from database inception to January 2013.
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ABSTRACT

Review/research methods: For part 1, randomised controlled trials and controlled before-and-after studies
of pharmacological, behavioural or physical interventions in children or young people (aged < 18 years) with
TS or chronic tic disorder were included. Mixed studies and studies in adults were considered as supporting
evidence. Risk of bias associated with each study was evaluated using the Cochrane tool. When there was
sufficient data, random-effects meta-analysis was used to synthesize the evidence and the quality of evidence
for each outcome was assessed using the Grading of Recommendations Assessment, Development and
Evaluation approach. For part 2, qualitative studies and survey literature conducted in populations of children/
young people with TS or their carers or in health professionals with experience of treating TS were included in
the qualitative review. Results were synthesized narratively. In addition, a national parent/carer survey was
conducted via the Tourettes Action website. Participants included parents of children and young people with
TS aged under 18 years. Participants (young people with TS aged 10-17 years) for the in-depth interviews
were recruited via a national survey and specialist Tourettes clinics in the UK.

Results: For part 1, 70 studies were included in the quantitative systematic review. The evidence
suggested that for treating tics in children and young people with TS, antipsychotic drugs [standardised
mean difference (SMD) —0.74, 95% confidence interval (Cl) —1.08 to -0.41; n=75] and noradrenergic
agents [clonidine (Dixarit®, Boehringer Ingelheim) and guanfacine: SMD -0.72, 95% Cl -1.03 to —0.40;
n=164] are effective in the short term. There was little difference among antipsychotics in terms of
benefits, but adverse effect profiles do differ. Habit reversal training (HRT)/comprehensive behavioural
intervention for tics (CBIT) was also shown to be effective (SMD -0.64, 95% C| -0.99 to -0.29; n=133).
For part 2, 295 parents/carers of children and young people with TS contributed useable survey data.
Forty young people with TS participated in in-depth interviews. Four studies were in the qualitative review.
Key themes were difficulties in accessing specialist care and behavioural interventions, delay in diagnosis,
importance of anxiety and emotional symptoms, lack of provision of information to schools and
inadequate information regarding medication and adverse effects.

Limitations: The number and quality of clinical trials is low and this downgrades the strength of the
evidence and conclusions.

Conclusions: Antipsychotics, noradrenergic agents and HRT/CBIT are effective in reducing tics in children
and young people with TS. The balance of benefits and harms favours the most commonly used
medications: risperidone (Risperdal®, Janssen), clonidine and aripiprazole (Abilify®, Otsuka). Larger and
better-conducted trials addressing important clinical uncertainties are required. Further research is needed
into widening access to behavioural interventions through use of technology including mobile applications
(‘apps’) and video consultation.

Study registration: This study is registered as PROSPERO CRD42012002059.

Funding: The National Institute for Health Research Health Technology Assessment programme.
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Glossary

PR The interval between the beginning of the P wave and the beginning of the QRS complex of
the electrocardiogram.

QRS The QRS complex is a series of three deflections (Q, R and S waves) in an electrocardiogram that
represent electrical activity generated by ventricular depolarisation prior to contraction of the ventricles.

QT The interval between the start of the Q wave and the end of the T wave in the electrocardiogram (ECG).

QT QT corrected for heart rate.
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Plain English summary

Tourette syndrome (TS) is a common condition affecting up to 1% of children and young people and is
characterised by motor and vocal tics. TS frequently occurs together with attention deficit hyperactivity
disorder, autism spectrum disorder and obsessive—compulsive disorder. The main treatments for tics are
medication and behavioural interventions. The study has two main components: part 1 — to identify from a
systematic review of the published research literature of controlled trials which treatments for tics are most
effective and part 2 — to understand from the perspective of young people with TS and their parents how
they experienced treatment and care for TS, including which interventions they found helpful or harmful
and what outcomes they valued most. Part 2 involved a national online survey of 358 parents/carers

(295 contributing usable data) and in-depth interviews with 40 young people with TS. In the part 1, study
a ntipsychotics and noradrenergic agents [clonidine (Dixarit®, Boehringer Ingelheim)] were found to be
effective for treating tics in children and young people with TS. However, antipsychotics can cause
troublesome adverse effects (sedation, weight gain and neurological symptoms) and aripiprazole (Abilify®,
Otsuka) may be better tolerated than other antipsychotics. Habit reversal therapy was also found to be
effective for treating tics. Overall, the number and quality of clinical trials is low and this downgrades

the strength of the evidence and conclusions. Larger and better-conducted trials addressing important
clinical uncertainties are required. The key themes identified in part 2 were difficulties in access to specialist
care, delay in diagnosis, limited access to behavioural interventions (only 25% of young people had a
behavioural intervention), the importance of anxiety and emotional symptoms in TS, lack of provision of
information to schools and inadequate information regarding medication and adverse effects.
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Scientific summary

Background

Tourette syndrome (TS) is a neurodevelopmental condition characterised by chronic motor and vocal tics
affecting up to 1% of school-age children and young people and is associated with significant distress and
psychosocial impairment. The main treatments are pharmacological and behavioural interventions;
however, little is known about their benefits and risks, how they are experienced by children and young
people, and what treatment outcomes are most valued.

Objectives

To conduct a systematic review and meta-analysis of the benefits and risks of pharmacological, behavioural
and physical interventions for tics in children and young people with TS (part 1), and to conduct a
qualitative study of experiences of services and treatment to explore the experience of treatment and to
understand which outcomes are most valued from the perspective of young people with TS and their
parents (part 2).

Methods

Data sources

For the systematic reviews (parts 1 and 2), mainstream bibliographic databases (EMBASE, MEDLINE,
PREMEDLINE In-Process & Other Non-Indexed Citations and PsycINFO), The Cochrane Library [Cochrane
Central Register of Controlled Trials (CENTRAL) — Database of randomised controlled trials (RCTs) and
other controlled trials], Cochrane Database of Systematic Reviews (CDSR), Database of Abstracts of
Reviews of Effectiveness (DARE) and Health Technology Assessment (HTA), education (e.g. British
Education Index), social care (e.g. Applied Social Sciences Index and Abstracts) and grey literature

(e.g. Health Management Information Consortium) databases were searched using subject headings and
text words for tic and tourette from database inception (or 1995 for part 2) to January 2013.

For part 2, additional data were collected from two sources (1) an online national survey hosted via the
Tourettes Action website (Www.tourettes-action.org.uk/) of the experiences of care and treatment of
parents of children and young people with TS (aged < 17 years), and (2) in-depth qualitative interviews
with young people with TS (aged 11-17 years) to explore their experiences of care and treatment.

Study selection

For part 1, results were screened for RCTs and controlled before-and-after studies of pharmacological,
behavioural or physical interventions in children or young people (aged < 18 years) with TS or chronic tic
disorder. Studies in adults or mixed populations were considered as supporting evidence.

For part 2, results were screened for qualitative systematic reviews, qualitative studies and survey literature
of access to and experience of care for young people with TS. Results for the quantitative searches (part 1)
were also screened for any relevant studies.

© Queen'’s Printer and Controller of HMSO 2016. This work was produced by Hollis et al. under the terms of a commissioning contract issued by the Secretary of State for Health.

This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals provided that
suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be addressed to: NIHR
Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science Park, Southampton

SO16 7NS, UK.

XXXVii



For part 1, the critical outcome for the review was tic severity/frequency. Data were abstracted by one
reviewer and checked by a second. The Cochrane risk of bias tool was used for the risk of bias assessment
and the Grading of Recommendations Assessment, Development and Evaluation approach for assessing
the overall quality of the evidence.

For part 2, results are presented under theme headings, to group information from different studies on
similar outcomes or themes. Related participant quotations are presented to illustrate the themes but no
exploration or synthesis of the original quotes from the primary study was performed.

For part 1, of 6345 citations screened, 70 studies were included in the guantitative systematic review.
The main review findings suggest:

There is clear evidence that antipsychotics [standardised mean difference (SMD) —0.74, 95% confidence
interval (Cl) —1.08 to -0.41; n=75] and noradrenergic agents [clonidine (Dixarit®, Boehringer Ingelheim)
and guanfacine] (SMD -0.72, 95% CI —1.03 to —0.40; n = 164) produce improvements in tics that may be
clinically meaningful in children and young people with TS. The quality of the evidence was generally low.
The available evidence suggests that there are unlikely to be important clinical differences in tic
reduction among antipsychotics and between antipsychotics and noradrenergic agents. There is no
clear evidence that the clinical effectiveness of antipsychotics or noradrenergic agents is moderated by
either tic severity or comorbidity.

There is evidence that, in the short term, neither stimulants and atomoxetine (Strattera®, Lilly) (used to
treat comorbid TS and attention deficit hyperactivity disorder) nor fluoxetine (Prozac®, Lilly) (used

to treat comorbid TS and obsessive—compulsive disorder) significantly exacerbate or worsen tics, but
atomoxetine may reduce tics. The quality of the evidence was generally very low.

Topiramate (Topamax®, Janssen), pergolide, metoclopramide (Maxolon®, AMCo) and desipramine are
other agents with evidence that suggests they may be effective in reducing tics. However, the known
adverse effect profiles of these drugs, balanced against relatively weak poor-quality evidence of
benefits, means that these agents are unlikely to be considered clinically useful for treating tics.

A number of other agents were reviewed and were found not to be clinical effective for treating tics:
levetiracetam (Keppra®, UCB Pharma), selegiline (Eldepryl®, Orion; Zelapar®, TEVA UK), pramipexole
(Mirapexin®, Boehringer Ingelheim), mecamylamine (Inversine®, Targacept Inc.), ondansetron (Zofran®,
GSK), baclofen (Lioresal®, Novartis), omega-3 fatty acids and transdermal nicotine patches. The quality
of the evidence was generally low.

There is clear evidence that habit reversal training (HRT)/comprehensive behavioural intervention for tics
(CBIT) produces improvements in tics that may be clinically meaningful (SMD -0.64, 95% CI -0.99 to
—-0.29; n=133). There is no evidence that the effects of HRT/CBIT are moderated by tic severity.

The quality of the evidence was moderate to low.

There is some preliminary evidence that delivering HRT/CBIT remotely via video consultation
(telemedicine) may be as effective as face-to-face therapy. The quality of the evidence was low.

There are no RCTs of negative (massed) practice or exposure and response prevention (ERP) compared
with control interventions. However, head-to-head comparisons suggest that HRT is a more effective
intervention than negative practice, while HRT and ERP may be equally effective interventions for tics.
The quality of evidence for interventions other than HRT/CBIT is low and so conclusions drawn from
this evidence should be treated with caution.

There is no conclusive evidence that relaxation therapy in isolation is an effective treatment for tics.
Anger control training may be a useful intervention for young people with tics and comorbid disruptive
behaviour and behaviour problems may be improved by parent training, although there is no
conclusive evidence that parent training is an effective treatment for tics. The quality of the evidence
was generally very low.
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There is no robust evidence to suggest that the physical interventions reviewed [deep brain stimulation
(DBS), repetitive transcranial magnetic stimulation (rfTMS), intravenous (i.v.) immunoglobulin, botulinum

toxin and acupuncture] are sufficiently effective and safe to be considered as treatments for tics in
children and young people with TS.

There is no conclusive evidence that i.v. immunoglobulin or penicillin are effective treatments for tics in
children and young people identified with Paediatric Autoimmune Neuropsychiatric Disorders
Associated with Streptococcal infection (PANDAS). The quality of the evidence was low.
There is a high degree of uncertainty with respect to the benefits and harms of plasma exchange in the
treatment of tics in children and young people identified with PANDAS. The quality of the evidence
was generally very low.

For part 2, four studies were included in the qualitative systematic review. For the online survey,

358 parents from across the UK consented to complete the online survey and useful data were analysed
from 295 respondents. The majority of respondents were mothers (92.2%) and the mean age of their
child with TS was 12.4 years [standard deviation (SD) 3.0] and 79.3% of the children were male. The
mean age of onset of tics was 5.9 years (SD 2.8) and mean age at diagnosis of TS was 9.1 years (SD 2.7).
For the in-depth interviews, 40 young people with TS, median age 13.0 (range 10-17 years) were
interviewed; 31 (77.5%) were male. Main research findings and themes:

The online national survey found that just over half of young people with TS had received medication
for tics. The most commonly used drugs were risperidone (Risperdal®, Janssen), clonidine and
aripiprazole (Abilify®, Otsuka).

Young people and parents reported that medication could be helpful in reducing tics but frequently
expressed concerns about adverse effects and lack of provision of relevant information explaining the
rationale for using medication for tics and possible adverse effects.

Of the medications surveyed, parents of young people with TS perceived aripiprazole as being most
helpful with least troublesome adverse effects.

The online national survey found that about one-quarter of young people with TS had received a
behavioural intervention (broadly conforming to HRT/CBIT) for tics. Behavioural interventions were
almost always delivered together with medication.

Young people with TS and parents reported that behavioural interventions (HRT/CBIT) could be helpful
in reducing tics and adverse effects were rarely reported. Young people reported that they valued the
opportunity to learn behavioural techniques that helped them control tics and build on strategies

that they had developed themselves. However, some young people found these approaches difficult to
use and were not always helpful.

Young people with TS and their parents frequently reported concerns about lack of knowledge of TS
and its treatment among health professionals both in primary care (general practitioners) and
secondary care [child and adolescent mental health services (CAMHS) and paediatrics].

Delays in recognition and referral for diagnosis were common with the average delay of 3 years from
onset of tics to diagnosis of TS.

Young people with TS and their parents placed great emphasis on the provision of information about
TS and its management. Often this information was not provided by health services or was viewed as
inadequate. An important finding was the lack of information provided by health services to schools on
TS and its management. In only one-quarter of children and young people with TS surveyed had health
professionals contacted and provided information to the school.

Young people with TS and their parents highlighted the importance of recognising and managing
anxiety symptoms associated with TS.

Young people with TS and their parents regarded reducing the frequency and intensity of tics and
increasing control over tics as the most important outcomes of treatment.

Reducing anxiety and stress associated with tics was viewed by young people in particular as important.
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SCIENTIFIC SUMMARY

Limitations

The number and quality of clinical trials is low and this downgrades the strength of the evidence and
conclusions. In the qualitative study, lack of information on dosing and comparison with a control
intervention means that findings relating to the experience of treatment cannot be interpreted as evidence
of effectiveness or lack of harm.

Conclusions

The findings of this systematic review and evidence synthesis show that there are effective pharmacological
(e.g. antipsychotics and noradrenergic agents) and behavioural interventions (e.g. HRT/CBIT) available for
the treatment of tics in children and young people with TS. However, the number and quality of clinical
trials is low and this downgrades the strength of the evidence and conclusions. Larger and better-conducted
trials addressing important clinical uncertainties are required. Key themes from the qualitative study were
difficulties in access to specialist care, delay in diagnosis, importance of anxiety and emotional symptoms in
TS, lack of provision of information to schools and inadequate information regarding medication and
adverse effects. Of the medications surveyed, parents of young people with TS perceived aripiprazole as
being most helpful with least troublesome adverse effects. Only one-quarter of young people in the
national online survey, and less than one-fifth of young people interviewed, reported having received an
evidence-based behavioural intervention (HRT/CBIT) for tics. The perspective of young people with TS and
their parents on their experience of treatment and care have received little research attention. Therefore,
these findings should lay the foundations for future research and contribute to the development of
patient-centred treatment guidelines.

Implications for health care

Access to behavioural interventions is currently limited and delay in diagnosis of TS was on average 3 years
from symptom onset. Knowledge of TS and its management among health professionals is often inadequate
and information provision to schools is generally poor. Those working in primary care should be aware of the
prevalence and clinical features of children and young people presenting with tics and suspected TS. There
appears to be a lack of clear care pathways and inadequate care may result from a lack of integration in

the commissioning and provision of physical and mental health services. Care pathways for children with
suspected TS need to be established to accelerate access to expert assessment and diagnosis. It is important
that health commissioners recognise that local CAMHS should provide assessment and treatment of TS and
also offer referral and support for patients who need to access specialist centres. Information packages for
schools should be developed and evaluated. The relevance of associated anxiety and emotional symptoms is
often overlooked and requires greater attention from both clinical practice and research. This is a complex
issue as anxiety can be both a cause and consequence of tics and is also related to premonitory urges.

Recommendations for research

Further research is needed to inform the development of clinical guidelines for children and young people
with TS, in particular to answer questions about the order in which interventions should be given, how
interventions should be combined and how their clinical effectiveness and cost-effectiveness is affected by
comorbidity and tic severity. Aripiprazole was perceived by parents of young people with TS as the most
helpful medication with a relatively favourable adverse effect profile. However, lack of information on
dosing and comparison with a control intervention means that this cannot be interpreted as evidence of
effectiveness or lack of harm. Currently, there are no placebo-controlled studies available for aripiprazole in
the treatment of tics, although trials may be ongoing. Therefore, evidence from controlled trials is needed
for aripiprazole before firm conclusions regarding its efficacy and safety can be drawn.
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Health services research is required to identify barriers to care and unmet needs for services for young
people with TS and to develop targeted interventions to improve referral practice and reduce the delay
between onset of tics and diagnosis. Poor access to behavioural interventions is an important issue and
research is needed to test whether or not technological innovations (e.g. mobile digital and video
technology) can be used to widen access, reduce the cost and face-to-face duration of therapy while
maintaining the effectiveness of the intervention.

Finally, tic reduction is a relevant primary outcome for both clinical practice and research trials and current
measures such as the Yale Global Tic Severity Scale should continue to be used. Secondary outcomes
should include reduction in associated anxiety, stress and improved self-esteem.

Key research questions and priorities

1. Is the combination of a behavioural intervention together with medication management more clinically
effective and cost-effective in the short term than either behavioural intervention alone or medication
management alone for the treatment of moderate and severe tics in children and young people
with TS?

2. What is the feasibility, acceptability, clinical effectiveness and cost-effectiveness of a behavioural
intervention for tics that is delivered remotely [e.g. via telemedicine/videoconference or Skype™
(Microsoft Corporation, Redmond, WA, USA)] compared with traditional face-to-face delivery
of therapy?

3. What is the feasibility, acceptability, clinical effectiveness and cost-effectiveness of a behavioural
intervention (HRT/CBIT) and self-monitoring mobile application (‘app’) for tics compared with traditional
face-to-face delivery of therapy?

Study registration

The study is registered as PROSPERO CRD42012002059.

Funding

The National Institute for Health Research HTA programme.
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Chapter 1 Introduction

Clinical features

Tourette syndrome (TS) is a childhood-onset neurodevelopmental disorder characterised by multiple motor
tics and one or more vocal/phonic tics, lasting longer than a year."? The Diagnostic and Statistical Manual
of Mental Disorders-Fifth Edition criteria’ for TS are very similar to those in International Classification of
Diseases, Tenth Edition.?

The mean age at onset of TS is 7 years, with the onset of motor tics usually preceding vocal tics. Tics can
be simple (e.g. blinking, eye rolling, nose twitching, head nodding, mouth pouting) or complex (e.g.
touching, squatting, jumping, hopping). The onset of simple tics usually precedes more complex tics.

Tics usually begin in the head and face, and blinking is often the first and most common tic. Simple vocal
tics include sniffing, throat clearing, gulping, snorting and coughing. Complex vocal tics include barking,
the making of animal noises and uttering strings of words. Other complex tic phenomena include echolalia
(copying what other people say), echopraxia (copying what other people do) and palilalia (repeating the
last word or part of sentence said by the individual).># Self-injurious behaviours®> and non-obscene socially
inappropriate behaviours® occur in one-third of TS patients. Tics typically increase in severity until mid-teens
and then decline (but usually do not disappear) in late adolescence and early adult life. Tics follow a
fluctuating (waxing and waning) course and may be exacerbated by stress, tiredness or boredom and
improved by focused mental and physical activity. Tics are commonly preceded by an uncomfortable
premonitory sensation or ‘urge’, either localised (around the area of the tic) or generalised (covering a
wide area of the body), often described as an uncomfortable physical sensation and/or build up of tension,
with the performance of the tic resulting in relief from the urge. Although involuntary, older children and
young people may be able to briefly suppress or postpone a tic at the expense of increased feelings of
tension and an urge to complete the tic and/or increased anxiety.”®

Coprolalia (inappropriate and involuntary swearing, which is often disguised by the patient) is uncommon,
occurring in only 10-15% of patients, often starting at around 15 years of age. Many clinicians, and the
wider public, are still under the misapprehension that coprolalia must be present in order to make the
diagnosis, thereby leading to under-diagnosis. Instead of uttering a complete swear word, many people
say only parts of the word (e.g. ‘Fu’, ‘Shi’, ‘Cu’), and disguise it (e.g. by coughing, saying something or
covering their mouths).?

Epidemiology and prevalence

Tourette syndrome occurs worldwide and in different cultures. Boys and men are more commonly
affected, with the male-to-female ratio between three and four to one. Clinical characteristics are similar
irrespective of the country of origin. It is often reported that within families, the affected males have
predominant tic symptoms, whereas the females have obsessive—compulsive behaviours (OCBs).'"

Tourette syndrome was once considered to be very uncommon, but the worldwide prevalence in children
and young people is now estimated to be around 1%. Good-quality epidemiological studies (involving
direct assessment of the subjects) show remarkably consistent findings and suggest a prevalence of
between 0.4% and 3.8% for young people between the ages of 5 and 18 years (studies undertaken in
the UK, Europe, USA, South America, the Middle East, Oceana, Asia, North Africa)."®'? The prevalence of
TS is higher in those with learning difficulties, emotional and behavioural disorders or autism spectrum
disorder (ASD).'"2
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Robertson® suggested a differentiation between comorbid disorders and coexisting psychopathology. This
was based on emerging clinical, epidemiological and aetiological data suggesting that some disorders have
more in common with TS than others, particularly from a genetic perspective. Thus, Robertson® suggested
that OCB and obsessive—compulsive disorder (OCD), attention deficit hyperactivity disorder (ADHD) and
ASD are comorbid with TS. It is important to distinguish OCB (also known as ‘compulsive tics’ that are
common in TS), such as ‘evening-up behaviours’, compulsive touching and counting rituals, from
symptoms more typical of OCD such as checking, washing and cleaning rituals. In TS, the performance of
OCBs results in a relief from a premonitory ‘urge’ (similar to other tics), while in OCD performance of
rituals results in temporary relief from anxiety linked to specific fears (e.g. contamination). For this reason,
OCB associated with a premoniraty urge are regarded as a complex tic rather than a symptom of a
separate disorder (OCD). Some refer to mild OCB as obsessive—compulsive symptoms (OCSs)."

Prevalence of the comorbid disorders differ in clinical and community TS populations. In clinical TS samples,
ADHD is present in about 60% of patients,” while OCD occurs in just under 40%”'* and OCBs/OCSs may
occur in up to 90% of patients.' The prevalence of ASD in clinic patients with TS has not been widely
studied, but in one large international multicentre study encompassing 7288 TS patients, the point
prevalence of ASD was 4.6% (much higher than in the general population).**

In community studies, around 90% of TS individuals have other comorbid diagnoses™ ™’ and in one
community study, 36% of the individuals had three or more diagnoses.’'® In TS individuals, ADHD is the
most common comorbid diagnosis occurring in 17.8% to 68%, then OCD in 10.9% to 20.5%, and
“disruptive behaviours” in 10.9% to 16%." TS occurs in between 6% and 11% of youngsters with ASD
in community studies.”®

The common neurodevelopmental comorbidities (ADHD, OCB/OCD and ASD) not only occur much more
than by chance,™ but the research data also suggest that they share a common genetic aetiology.'?° In
contrast, while depression and depressive symptomatology are common in TS, the two disorders are not
genetically related.?' Thus, the coexistent psychopathologies (e.g. depression, social anxiety, substance
misuse) may well be a consequence of having TS, rather than being an integral part of TS.

Thus, both in clinical populations as well as in the community, approximately only 10% of people with TS
have solely tics or, another way of putting it is that 90% of individuals with TS, be they in the clinic or in
the community, have other comorbid diagnoses or psychopathology.

Early research suggested that individuals with TS were at increased risk for depression, anxiety and hostility.??
Thereafter, in several controlled studies in adults with TS, the patients were shown to have more depressive,
anxious, obsessional symptomatology and hostility symptoms than age- and sex-matched healthy control
subjects, and the subjects with TS were also shown to have significantly more personality disorders 2’232

In further controlled studies, young people with TS have been shown to have more depressive and
obsessional symptomatology than control subjects.?”#

Robertson and Orth?® reviewed the literature of depressive symptoms and illness in people with TS in
detail, showing that, in 16 uncontrolled studies in specialist centres that examined mood changes among
5409 TS patients, depressive symptomatology, dysthymia, mood swings and/or major depressive disorder
(MDD) or depressive illness were found in between 13% and 76% of the patients . The main diagnosis
was that of MDD. In addition, 13 controlled investigations found both young people and adults with TS
(n=741) to be significantly more depressed than age- and sex-matched healthy control subjects.?

Since 2000, some research groups have separated TS individuals on the basis of clinical symptoms into
subgroups, specifically separating those with and without ADHD, demonstrating significant differences. Thus,
they have examined cohorts of children including children with TS only, and are comparing them with other
groups such as TS plus ADHD, ADHD only and unaffected healthy controls.?’2%3! These studies generally
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indicated that youngsters (aged 7-18 years) with TS only did not differ from unaffected controls on many
ratings, including aggression, delinquency or conduct difficulties. In contrast, children with TS plus ADHD
scored significantly above the unaffected controls and, similarly to those with ADHD only, on the indices of
disruptive behaviours. Studies further showed that youngsters with TS plus ADHD showed more internalising
behaviour problems and poorer social adaptation than children with TS only or controls. Of importance is

that youngsters with TS only were not significantly different from unaffected controls on most measures of
externalising behaviours and social adaptation, but did have more internalising symptoms. Similarly, in an adult
TS population, those patients with TS only were not disadvantaged, whereas those with TS plus ADHD
showed signs of social difficulties including drug and alcohol abuse and more aggression and more instances
of breaking the law.** In summary, those individuals with TS only appear to be no different from healthy
control subjects (apart from having more internalising problems) and have significantly fewer externalising
problems and social adjustment difficulties than those with TS plus ADHD. This clearly has major management
and prognostic implications.

After an initial publication on the reduced quality of life (QoL) in adult patients with TS,*® there have been
over a dozen or so studies investigating QoL in young people with TS (review and references)’ and, more
recently, a study by Cavanna et al.** The conclusions that can be drawn from these are that patients with
TS have a reduced QoL when compared with healthy controls, but have a better QoL than patients

with epilepsy or other psychiatric illnesses. The reduced QoL is generally associated with unemployment,
underachievement, increased tic severity, the presence of OCB, ADHD, anxiety and depression.” It has also
been shown that the OCD and ADHD have differential effects on the QoL.**

The psychosocial aspects and adaptive functioning of people with TS have been addressed by both
Robertson® and Sukhodolsky et al.*” There are numerous triggers which increase the tics and patients’
distress. In addition, patients with TS suffer as a consequence of their tics and associated comorbid
conditions and coexistent psychopathologies. Sukhodolsky et al.*” cited cases from their TS clinic (Yale
Child Study Centre, CT, USA) and also reviewed studies not included/mentioned above as their brief was
different. In essence, in their clinic, youngsters (aged 7—18 years) with TS had been teased because of their
tics. In one controlled study, TS youngsters were rated by their peers as more withdrawn and less likeable
than their peers. The severity of tics was not related with ratings of popularity, but was associated with
ADHD. In a second controlled study,®® peer victimisation was compared between youngsters with chronic
tic disorder (CTD) and type 1 diabetes mellitus and matched healthy controls: the youngsters with tics were
classified as reporting clinically significant greater peer victimisation (27%) than for 9% of both youngsters
with diabetes mellitus and healthy controls.?’

Lee et al.*® showed that more ‘stress’ (e.g. parental burden, psychopathology) was reported in the parents
of youngsters with TS, with one of the main stressors being child care difficulties. In addition, a correlation
was found between parenting stress and child sex, age, school situation, disease severity, parent age and
family income. Disease severity and family income were the variables with the greatest predictive power for
parenting stress, accounting for 42% of the variance.* Cooper et al.*° compared ‘caregiver burden’ (CGB)
in parents of youngsters with TS with the parents of youngsters with asthma using standardised assessment
schedules including the Child and Adolescent Impact Assessment. The TS parents were significantly more
psychiatrically disturbed and had greater CGB than the parents of children with asthma.*® Overall, studies
have shown considerable parenting stress, CGB and psychopathology in the parents of youngsters with TS.

In summary, QoL in patients with TS is reduced, with children and young people with TS rated as less
likeable by their peers and also suffering significant ‘peer-victimisation’; the adverse effects on parents of a
child with TS are substantial.

The relationships between the comorbidities and psychopathology and psychosocial aspects and TS are
complex and have been discussed fully elsewhere,”?3¢4! and are summarised as follows: (1) OCB/OCD is
generally accepted as an integral part of and genetically related to TS; (2) ADHD is common in TS and now
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recognised to be genetically related in some cases (a subgroup); and (3) ASD is common, sharing some
genetic/neurodevelopmental underpinnings with TS.

In summary, the comorbidities of TS change with age as do some of the psychopathologies (e.g.
depression worsens with age). This highlights the importance to address the TS phenotype and why the
separation of the other disorders in TS is crucial. This also clearly has treatment implications.

Recent studies** using quantitative methods, such as principal component factor analysis, hierarchical
cluster analysis and latent class analysis have suggested that TS should no longer be considered a the
unitary condition described in the International Classification of Diseases and Diagnostic and Statistical
Manual of Mental Disorders classification systems. All studies also show that one type is ‘pure TS’, in other
words, there is heterogeneity of symptomatic presentation within the diagnostic umbrella of TS. Both
clinical and community studies have shown that as many as 90% of individuals with TS have comorbid
conditions and/or coexistent psychopathology and this clearly has management and treatment choices and
ramifications: treatment in TS should be symptom targeted in the patient, taking a holistic approach
including the family.”-#4>46

It was initially thought that TS was lifelong with continuing severity, but then Erenberg et al.*’ first indicated
that TS symptoms reduced with age. Leckman et al.*® subsequently highlighted the natural course of the
disorder, suggesting that the prognosis was better than previously thought, with the onset of TS at 5.6 years,
the worst severity being at 10 years and the majority of symptoms disappearing/reducing in half of the
patients by the age of 18 years. Coffey et al.*° assessed youngsters (aged 6-17 years) with TS having a mean
age of onset of 5.1 years. At baseline, 88% of subjects met threshold criteria for at least mild symptoms,
but only 30% met criteria for impairment. At a 2-year follow-up, 82% of the subjects met criteria for tic
persistence (no significant difference from baseline), but only 14% met criteria for TS-associated impairment,
which was significant. Bloch et al.*® more recently studied 46 TS children at follow-up after 7.6 years and
reported 85% had a reduction in tics during adolescence, only increased tic severity in childhood was
associated with increased tic severity at follow-up. The average age at worst tic severity was 10.6 years;
however, worst ever OCD symptoms occurred approximately 2 years later than worst tic severity, and
increased childhood intelligence quotient (IQ) was associated with increased OCD severity at follow-up.
Thus, although the prognosis of TS is better than originally thought with regards to tic symptomatology,

the course of associated psychopathology, such as OCD, may show greater persistence later on in the
individual's life. Finally, a follow-up study, using a rigorous design, reviewed TS patients’ (aged 8-14 years)
assessments.>! Patients (n = 56) were filmed for 5 minutes originally between 1978 and 1991 according to a
strict protocol. Thirty-six of these patients aged > 20 years were contacted again and 31 were included into
the follow-up video study. A blinded video-rater assessed the 62 tapes and rated five tic domains; the two
videotapes were compared for each tic domain as well as a composite tic disability score. Results showed
that 90% of the adults still had tics and many adults who had suggested that they were tic free were
incorrect, as no fewer than 50% had objective evidence (on video) of tics. The mean tic disability score
reduced significantly with age. All tic domains improved with age and there were significant improvements
(p =0.008) for motor tics. The improvements in tic disability were not related to medication, as only 13% of
adults received medication for tics, compared with 81% of children. The authors concluded that although
tics improve with time, most adults have persistent, but mild, tics.>' Finally, in a recent study examining the
effects of psychosocial stress predicting future symptoms in children with TS and/or OCD, advancing
chronological age was robustly associated with reductions in tic severity.*

The presence of comorbidities in a person with TS is associated with a worse prognosis. Rizzo et al.*

investigated 100 TS patients who were assessed at onset and at then again at follow-up 10 years later to
evaluate the severity of the tics, the presence of comorbidities and coexistent psychopathologies. In brief,
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they demonstrated that the comorbid conditions altered with increasing age and that those with the
‘Pure TS' phenotype (38% at the original assessment) had the best long-term outcome. In contrast, those
patients who presented at their original assessments with comorbidities (TS plus OCD, TS plus ADHD, TS
plus ADHD plus OCD) had a poorer prognosis.

What is also important to understand is that in a person with TS who also has multiple comorbidities,
the ASD typically begins first, then the ADHD, then the motor tics, then the vocal/phonic tics and then
the OCB (which is usually present by the time of diagnosis), while the OCD usually develops later. The
depression, anxiety, substance misuse and other coexistent psychopathologies usually emerge later and
may well be a consequence as much of the comorbid disorders as of TS itself.

In summary, following onset of TS, tic symptomatology may get worse until early teens with subsequent
improvement and although some tic symptoms usually remain into adult life, they usually do not impair
the individual. Those with ‘TS-only’ (‘pure-tics’) have the best prognosis. The comorbidities (ASD, ADHD,
OCD) and associated psychopathologies (e.g. depression) change with age and their impact many may
well increase during adolescence.

The main aetiological candidates for TS include genetic influences, infections and perinatal difficulties.
Originally, the aetiology of TS was considered to be psychological**** but, in the 1980s and 1990s, large
pedigrees with multiple affected family members were documented with tics or obsessive—compulsive
symptomatology, suggesting a familial pattern and possible genetic origin. Subsequent investigations
employing complex segregation analysis indicated that TS was inherited, consistent with a single major gene
and autosomal dominant transmission, but with incomplete penetrance. However, much of the genome
was subsequently excluded.”® The Tourette Syndrome Association International Consortium for Genetics®®
using sib-pair analysis, undertook one of the first genome scans in TS, as well as the first Genome Wide
Association Study (GWAS).*” The genetic susceptibility in TS has been recently reviewed by Fernandez and
State.?® There are five essential findings/conclusions: (1) that the GWAS identified the COL27AT gene as a
possible contributing gene in a multiethnic cohort,*® but the finding requires replication, (2) some rare variant
studies have identified a mutation to the SLITRKT gene,* but subsequent studies have been conflicting,®°

(3) linkage analysis of an individual outlier TS family identified a deleterious mutation in the histidine
decarboxylase gene suggesting that histaminergic neurotransmission may be involved in the pathophysiology
of TS,*" (4) pathway analysis of rare copy number variants has proven useful,?® and (5) there seems to be a
significant overlap of genes mapping within rare copy number variants in TS and those identified in ASD.'2°

Neuroimmunological theories possibly operating via the process of molecular mimicry have become of
interest in the aetiology of TS. Swedo et al.%* described a group of 50 children with OCD and tic disorders,
designated as Paediatric Autoimmune Neuropsychiatric Disorders Associated with Streptococcal infection
(PANDAS). The diagnostic criteria included presence of OCD and/or a tic disorder, pre-pubertal symptom
onset (usually acute, dramatic), association with group A beta-haemolytic streptococcus (GABHS) infections,
episodic course of symptom severity and association with neurological abnormalities. The relapsing,
remitting course was associated with significant psychopathology including emotional liability, separation
anxiety, night-time fears, bedtime rituals, cognitive deficits, oppositional behaviours and hyperactivity.

Other centres have found laboratory evidence of GABHS infections in some patients with TS, and/or
documenting that some TS patients have increased antibasal ganglia antibodies in cohort studies®® and
controlled studies.®*® As most researchers have findings that supported a role of GABHS and basal
ganglia autoimmunity in a subgroup of TS patients, it was suggested that further research was needed to
clarify the phenomenology associated with antibasal ganglia antibodies.” The majority of studies have
indicated a role of GABHS infections in TS, but there is a dissenting view predominantly from one
laboratory.”” Clearly, streptococcus does not cause TS, but it may well be that individuals inherit a
susceptibility to TS and to the way they react to some infections, including GABHS infections. The above
theory has now expanded into broadly two theories: (1) a lowered immunity and (2) autoimmunity.®
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Murphy?? reviewed the literature on the role of infections in the aetiopathogenesis of tic disorders
including TS and notes that many infectious agents have been suggested including not only GABHS but
also Mycoplasma pneumoniae, other respiratory infections and, indeed, the common cold, have been
linked to the exacerbation of both OCD and tic symptomatology. Lyme disease, a complex multisystemic
illness, is the most common vector-borne disease in the USA and is caused by bacterial spirochete
Borrelia.”? Lyme disease has been reported as presenting as TS;’* in the UK, it is spread to humans by
infected ticks and named after the city of Lyme in Connecticut. If the tick bites an infected animal, the tick
becomes infected and can pass the disease to humans; most bites occur in late spring and early summer
and it is estimated that there are 3000 new cases in UK per year.”® Thus, there are more than one
infectious agent thought to be involved in the aetiopathology of TS, none of which cause TS, but may
trigger tics in an already vulnerable individual via mechanisms of lowered immunity or autoimmunity.

Leckman’” outlined the potential role of pre-natal and perinatal events in the pathogenesis of TS. The first
study in the area was a controlled study’® embracing a large sample size and the use of obstetric hospital
records, which demonstrated that the mothers of children with tics were 1.5 times as likely to have
experienced a complication during pregnancy than the mothers of children who did not have tics.

Two studies showed that among monozygotic twins discordant for TS, the twins with TS always had lower
birthweights than their unaffected twins. Leckman’s own group demonstrated that the severity of
maternal life stress during pregnancy, severe nausea and/or vomiting during the first trimester are risk
factors for developing tic disorders. A second controlled study’® demonstrated that TS patients have had
more pre-natal and perinatal difficulties than a control group. Several groups have now shown that
maternal smoking of cigarettes during pregnancy can produce more severe TS in the child.® More recently,
both smoking and psychosocial stressors during pregnancy have been implicated in altering the TS
phenotype.>? In addition to the factors mentioned above, other perinatal risk factors for TS in the child
include older paternal age, more and earlier prenatal care visits, delivery complications, premature low
birthweight children as well as those with low Apgar scores at 5 minutes after birth.””#" Maternal smoking
during pregnancy and low birthweight are risk factors for the presence of comorbid ADHD.®' Older
paternal age, maternal use of caffeine, cigarettes or alcohol during pregnancy and forceps delivery are risk
factors for the presence of comorbid OCD.®" These perinatal factors appear to also non-specifically increase
the risk of a range of neurodevelopmental disorders including TS, ADHD and ASD.

In summary, the aetiopathology of TS is more complex than previously recognised, with genetic risk
potentially interacting with some infections and pre-natal and perinatal difficulties to affect the
susceptibility to tics and phenotype of TS.

The neuropsychological assessment and functioning in TS has been recently reviewed by Murphy and
Eddy.® The results of neuropsychological studies are, on the whole, inconsistent; more difficulties are
demonstrated in child rather than adult populations; those with ‘Pure TS’ (tics only) show no evidence of
global impairment of intellectual function and any difficulties (especially in adults) are mild and likely to
consist of subtle decrements in attention or inhibitory processing; and patients with TS seem likely to have
changes in social cognition. In addition, those with TS plus OCD may have a higher 1Q, while those with
TS plus ADHD have a lower 1Q and many of the neuropsychological difficulties are associated with the
presence of ADHD.® This 'ADHD effect’ is also seen with more behavioural difficulties in both youngsters
(aged 7-18 years)* and adults® and those with lower Qol, all of which have been mentioned above.”*3¢

On the other hand, there may be some cognitive advantages in having TS. There has been some evidence
that children with ‘pure TS’ (tics only) may have some enhanced aspects of executive function, possibly as
a compensatory mechanism resulting from habitual tic suppression.® In addition, Jackson et al.®* employed
a manual switching task that created high levels of interhemispheric conflict in a study with those with
‘Pure TS and control subjects, and results indicated that the TS subjects showed faster reaction times

than controls.
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Neurobiology and neuroimaging

There have been many studies and reviews and these give evidence that those with TS may have the
following abnormalities: (1) basal ganglia and corticostriatal thalamic circuitry dysfunction, (2) a reduction
in caudate nucleus volume, with a negative correlation between caudate nucleus volume in childhood and
tic severity in later in life, (3) thinning of the sensory—motor cortices in both children and adults with TS,
with a negative correlation between thickness and orofacial tic severity, (4) adults with TS show cortical
thinning and reduced grey matter in pre-frontal areas (suggesting a failure in neural compensation to
control the tics into adulthood, (5) the supplementary motor area may be involved in the premonitory
urges/premonitory symptoms as shown by functional magnetic resonance imaging, (6) white matter
measurements have shown larger volumes and reduced fractional anisotropy in the corpus callosum in TS,
(7) putative cognitive control networks in TS are functionally immature and anomalous, and (8) changes in
the volume of the dorsolateral pre-frontal cortex. Apart from the suggestions given above, quite how the
changes affect brain function are unclear.®#

Treatment interventions

The evidence for the clinical effectiveness of different interventions for the treatment of tics in children and
young people with TS is the focus of this report and the results will be presented in detail in Chapter 2.
Young people’s experiences and views on these interventions are presented in Chapter 3. In brief, the
main types of interventions used are:

® psychoeducation — the provision of accurate information about the diagnosis, course and treatment of
TS provided to children and young people, their parents, teachers and other health-care professionals
® behavioural interventions (see Chapter 2), which can be divided into:

O specific interventions for tics such as habit reversal training (HRT) and exposure and response
prevention (ERP)

O other general behavioural/psychological interventions such as relaxation training, anger
management training, individual and group counselling and psychotherapy and family therapy

® medication and dietary interventions (see Chapter 2) — examples of medications commonly used for tics
include noradrenergic agents [e.g. clonidine (Dixarit®, Boehringer Ingelheim)] and antipsychotics
[e.g. risperidone (Risperdal®, Janssen), aripiprazole (Abilify®, Otsuka)]

® physical treatments (see Chapter 2) — these are used rarely in children and young people except in
exceptional circumstances. Examples include electrical and magnetic brain stimulation [repetitive
transcranial magnetic stimulation (rfTMS) and deep brain stimulation (DBS)], botulinum toxin,
immunotherapy for PANDAS and acupuncture.

The guiding principle of the treatment and management of tics in children and young people with TS is to
prevent, reverse or normalise the adverse effects of tics on self-esteem, physical health (e.g. pain, self-injury),
learning (loss of concentration and distraction due to tics and their suppression, time off school), lifestyle
(avoidance of normal physical and social activities) and relationships (victimisation and bullying, family stress
and burden) rather than to eliminate tics, per se. Although tic reduction can contribute significantly to these
outcomes, other supportive interventions including provision of information and psychosocial support to
young people, families and schools that builds resilience, self-esteem and effective coping strategies are
equally important.

Although psychoeducation should be offered in all cases following a diagnosis of TS, the decision to offer
more targeted behavioural interventions and medication will be determined by various factors such as the
severity and impairment associated with tics, the availability of trained (HRT/ERP) behavioural therapists and
the treatment preferences and motivation of young people and their families. If comorbidities are present,
relative impact of these different conditions on the child’s functioning will determine which condition

© Queen'’s Printer and Controller of HMSO 2016. This work was produced by Hollis et al. under the terms of a commissioning contract issued by the Secretary of State for Health.
This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals provided that
suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be addressed to: NIHR
Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science Park, Southampton
SO16 7NS, UK.



INTRODUCTION

(or group of symptoms) is given priority for treatment. Medication management of the common
comorbidity of TS and ADHD is further complicated by the belief that psychostimulants used to treat
ADHD can actually worsen or exacerbate tics.

Organisation of services and referral pathways for Tourette
syndrome in the UK

In the UK, children and young people with TS currently receive services of varying type and quality,
although there are few, if any, systematic data on current service provision. At present, there are four
‘tiers’ of health service provision from primary care to quaternary national services and children with tics
are seen in all settings. There are several factors that might contribute to the variability and inconsistency
of care received, including the nature of the condition itself, which sits at the interface between neurology/
paediatric and mental health services. The impression from service users and clinicians is that if children
and young people with TS access specialist (secondary) services, these may be either in paediatric or child
and adolescent mental health services (CAMHS). Currently in the UK, the commissioning and delivery of
paediatric services (primarily focused on physical health and development) and CAMHS are separate. These
services often provided in separate locations and with different funding streams. This is not ideal for the
child with TS, who may have need for input of skills from both mental health as well as paediatric services,
depending on the reported difficulties and findings following an assessment.

Tourette syndrome is defined in terms of the tic disorder (see Clinical features), but many children with
chronic motor and vocal tics may not come to the attention of services at all and, indeed, may not have
any functional impairment. If tics are worrying, intrusive or disruptive, children with tics are seen initially by
their general practitioner (GP) and may be subsequently referred to their community paediatrician, general
paediatrician or local CAMHS. In some cases, the children may be referred on to a paediatric neurology
services. Treatments that are then initiated by first-line clinicians (paediatrics or CAMHS) are variable,
depending on their knowledge of tic disorders and the resources available to them. Access to behavioural
therapy (e.g. HRT and/or ERP) outside specialist centres is very patchy and currently in the UK many
children will not be offered these interventions if they are treated by local community paediatric services or
local CAMHS. Consensus opinion in the management of tic disorders suggests that education for child,
family and school should be the initial intervention, as this may be sufficient to allay fears and enable
accommodation to the condition, if there is no functional impairment from the tics themselves. However,
in practice, it appears that authoritative psychoeducation is patchy in its provision and the primary
intervention from paediatricians is often a trial of medication for tics. Choice of first-line agent is also
highly variable.

The initial assessment of a child with TS is a crucial part of the management and treatment. The range of
needs that are identified at assessment should define the next steps in treatment and their prioritisation is a
second reason why care pathways and treatments are so variable. For example, both clinical experience and
several research studies®*?>#788 show that the emotional and behavioural problems which often accompany
TS (psychiatric comorbidities) are more likely to contribute to impaired QoL than the tics themselves.

So, for many children, the identification and treatment of mental health needs such as ADHD and OCD, or
behavioural problems such as oppositional defiant disorder are the priority for treatment. An additional
comorbidity that is over-represented in children and young people with tics is ASD. If the initial assessment is
carried out by a clinician without an adequate knowledge of screening for mental health problems, these
comorbidities may be missed and the most important target for treatment may be bypassed.

Similarly, a substantial minority of children and young people with TS have either a specific or a global
intellectual disability.® If this is not considered at the initial assessment it may be missed and often
contributes significantly to a child’s impairment or distress if they have unidentified and unmet special
educational needs. For this reason, a clinical or educational psychologist is likely to have an important role
in the assessment of some children and young people with TS.
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In summary, current service provision, referral pathways and treatments in the UK can be variable
depending on both the configuration of services in the local catchment area of the child and availability of
specific interventions (e.g. behavioural interventions). A possible depiction of current service provision and
referral pathways is given in Figure 1.

There are a wide range of services and treatments that might need to be deployed for children and young
people with TS and one of the key aspects of successful management is to identify their individual needs
and then attempt to find the appropriate intervention, which might be in a range of settings.

Assessment should include a careful history incorporating an account of the emergence and nature of tics
and their impact, a medical and developmental history, a mental health assessment incorporating family
and psychosocial history, and an account of school functioning. A full general physical examination and
neurological assessment looking for unusual features and comorbid movements such as tremor, dystonia
and chorea and associated dyskinesia should be performed. Cerebellar function examination and gait
examination can be useful. Depending on findings, treatments offered currently in the UK may include:

for tics

psychoeducation

behavioural interventions (HRT or ERP)

school liaison

medication treatment (e.g. noradrenergic agents, antipsychotics)
physical treatments (e.g. rTMS, DBS)

for mental health problems, for example

medication and psychosocial management for ADHD [National Institute for Health and Care
Excellence (NICE) guidelines]

cognitive—behavioural therapy +/- medication for OCD (NICE guidelines)

parent training and other interventions for oppositional defiant disorder/conduct disorder
behavioural intervention and medication for challenging behaviour associated with learning
disability/ASD

treatments for depression, other anxiety disorders, etc.

( Child with possible TS/tics )

Tics cause worry, Tics and emotional

Tics are mild and Tics and learning

distress to child, and/or behavioural
cause no problems family and others problems problems
No referral needed Educational

Referred to GP .
psychologist or

other educational
services

[ Commumty paediatrics Community ch|Id mental health ]

Paediatric neurology 4 —p SpeC|aI|st TS clinics

Current service provision and referral pathways in the UK for TS.
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for developmental/learning problems

psychometric/cognitive assessment

school liaison

special educational needs provision

assessment and management of social communication difficulties, that is ASD.

O 00O

Overall aims and objectives of report

The overarching aims of the project are as follows.

To identify the most clinically effective interventions and treatment strategies for children and young
people with TS. The primary objective is to answer the question: what interventions work for whom
and when? Key clinical questions include the order in which drug and behavioural/psychological
treatments should be offered and how they should be combined based on both clinical severity

and comorbidity.

To elicit the views of young people with TS and their parents on their experiences of treatment and
what outcomes they value most.

To produce recommendations for primary research that will fill gaps in the evidence and address key
issues raised by this project.

The project presents an evidence synthesis from diverse sources that include:

A systematic review and meta-analysis (when applicable) of the clinical effectiveness of treatments for
tics in children and young people.

A qualitative research study [Qualitative study of Experiences of Services and Treatment (QUEST)].
QUEST incorporates both a national survey of parents of children with TS and well as in-depth
interviews with young people focusing on their experiences of treatment and identifying which
outcomes matter most to them.

An expert project advisory group — the Tourette Expert Group (TEG). The TEG included experts in
clinical practice, research and experience of care [service users/carers nominated by Tourettes Action
(TA)]. The TEG defined the key review questions (see Chapter 2, Review questions) and synthesised
diverse sources of evidence including the systematic review, review of grey literature, service user/carer
survey and qualitative interviews with young people. The TEG also reviewed and agreed the
recommendations for future primary research (see Chapter 3, Recommendations for further research).
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Chapter 2 Systematic review of interventions for
tics in children and adolescents with Tourette syndrome

Methods

The review was conducted according to the review protocol (see www.nets.nihr.ac.uk/) (PROSPERO
registration number: CRD42012002059).

Review questions
Pharmacological interventions

1. For children and young people (< 18 years old) who have a clinical diagnosis of TS (including Tourette
disorder and chronic motor tic disorder, or chronic vocal tic disorder), what are the benefits and
potential harms associated with medication [including antipsychotic drugs, clonidine, tetrabenazine,
fluoxetine (Prozac®, Lilly), clonazepam] and dietary interventions (including zinc, omega-3 fatty acids,
caffeine) used for the treatment of tics, when compared with placebo or another intervention?

2. Is the clinical effectiveness of the treatment of tics with medication or diet moderated by the presence
of a comorbid disorder (e.g. ADHD, OCD, ASD or learning disability), age or tic severity?

i. In those with a comorbid disorder, is the treatment of comorbidities (e.g. psychostimulants used for
ADHD) associated with improvements or worsening of tic-related outcomes?

3. What are the views of patients and carers regarding the choice of medication and dietary interventions
available (including benefits and adverse effects) and what outcomes are considered most important
and meaningful?

Behavioural interventions

1. For children and young people (< 18 years old) who have a clinical diagnosis of TS (including Tourette
disorder and chronic motor tic disorder, or chronic vocal tic disorder), what are the benefits and
potential harms associated with psychological/behavioural and psychosocial interventions, when
compared with treatment as usual (TAU), a control group or another intervention?

2. Is the clinical effectiveness of the treatment of tics with psychological/behavioural and psychosocial
interventions moderated by the presence of a comorbid disorder (e.g. ADHD, OCD, ASD or learning
disability), age, awareness of premonitory urges or tic severity?

3. Is combination treatment (medication plus therapy behavioural intervention) more effective than either
treatment alone?

i. What is the most effective order of treatment (e.g. a behavioural intervention first followed by
medication, or medication first, followed by a behavioural intervention as an adjunct)?

4. What are the views of patients and carers regarding the choice of psychological/behavioural and
psychosocial interventions available and what outcomes are considered most important and meaningful?

5. What evidence is there that combining a behavioural intervention with medication increases
engagement and adherence with treatment?
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Physical interventions

1. For children and young people (< 18 years of age) who have a clinical diagnosis of TS (including
Tourette disorder and chronic motor tic disorder, or chronic vocal tic disorder), what are the benefits
and potential harms associated with physical interventions (including neurotherapeutic interventions,
such as DBS, rTMS and other physical interventions such as acupuncture and botulinum toxin injection),
when compared with TAU, a control group, or another intervention?

2. Is the clinical effectiveness of the treatment of tics with physical interventions moderated by the
presence of a comorbid disorder (e.g. ADHD, OCD, ASD or learning disability), age or tic severity?

3. What are the views of patients and carers regarding the choice of physical interventions available and
what outcomes are considered most important and meaningful?

Study selection

Search strategies

Searches for English-language and foreign-language studies were conducted in the following databases.
Maijor bibliographic: EMBASE, MEDLINE, PREMEDLINE In-Process & Other Non-Indexed Citations and
PsycINFO), The Cochrane Library, Cochrane Central Register of Controlled Trials (CENTRAL) — database of
randomised controlled trials (RCTs) and other controlled trials, Cochrane Database of Systematic Reviews
(CDSR), Database of Abstracts of Reviews of Effectiveness (DARE) and Health Technology Assessment
(HTA). Education databases: Australian Education Index (AEl), British Education Index (BREI) and Education
Resources in Curriculum (ERIC). Social care databases: Applied Social Sciences Index and Abstracts (ASSIA),
International Bibliography of Social Science (IBSS), Social Sciences Citation Index (SSCI), Social Services
Abstracts (SSA), Sociological Abstracts and Web of Science. Grey literature databases: Health Management
Information Consortium (HMIC), PsycBOOKS and PsycEXTRA; and additional sources: Allied and
Complementary Medicine Database, BIOSIS Citation Index (BCl), Cumulative Index to Nursing and Allied
Health Literature (CINAHL). Search terms comprised subject headings and text words for tic* and tourette*
to identify populations with TS or with chronic phonic or motor tics (all referred to as TS in this review).
Searches were limited to systematic reviews, RCTs and observational studies. For standard mainstream
bibliographic databases, search terms for the population were combined with filters for each of the study
designs under review. For searches generated in The Cochrane Library (CENTRAL, CDSR, DARE, HTA) and
HMIC, search terms for the population were used without the appendage of a filter. Searches for RCTs
and observational studies were generated from the inception of the databases to January 2013. Searches
for systematic reviews were limited to research published from 1995 to January 2013. No language
restrictions were applied at the searching stage. The search strategy is provided in Appendix 1.

Screening

Citations obtained from the searches were screened for inclusion using a two-stage process. Titles and
abstracts were first screened to obtain potentially relevant studies. On further inspection of these studies,
hard copies of potentially relevant studies were obtained. The review inclusion/exclusion criteria as
specified in the protocol were applied in hard-copy screening to obtain the final list of included studies.

Inclusion/exclusion criteria

Participants

Studies of children and young people (< 18 years of age) with TS or CTD were included in the review.
Studies in children were the basis for the review but mixed studies in adults and children, and adult studies,
were considered to provide data in areas for which child studies were lacking or to corroborate findings in
child studies.
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Intervention
Included interventions were:

® Any medication with marketing authorisation for any use in North America, Europe or Australasia or
any dietary intervention.

® Psychological/behavioural and psychosocial interventions including HRT/comprehensive behavioural
intervention for tics (CBIT), ERP, counselling and supportive psychotherapy (SP), family intervention
(including family therapy), psychoeducation, relaxation training, and self-hypnosis.

® Physical interventions including neurotherapeutic interventions, such as transcranial rTMS, DBS and
other physical interventions, such as acupuncture and botulinum toxin injection (botulinum toxin
type A; Botox®, Allergan).

Control
Studies with any control group were eligible for the review including TAU, a waiting list control or another
active intervention.

Outcomes
The critical outcome for the review was tic severity/frequency. The important, but non-critical, outcomes
were Qol, educational attainment, psychological well-being and impact on peer relationships.

Study design

For the review questions concerning the clinical effectiveness and safety of treatments or moderators of
treatment effect, the only eligible study designs were RCTs or controlled before-and-after studies. For
review questions about patient views and barriers to treatment, any study design was eligible for inclusion.

Data abstraction

Data were abstracted by one reviewer for the outcomes specified and grouped under the headings of tics,
impairment (personal and social), psychological well-being, overall clinical outcome, and safety (no studies
reported controlled findings for QoL or educational attainment). When reported in studies, results for
follow-up were extracted for all outcomes.

For some outcomes (e.qg. tics), studies often reported numerous scales making the interpretation of
findings difficult. For these outcomes, to avoid repetition and numerous statistical testing, this review limits
reporting to one scale. Priority was given to the Yale Global Tic Severity Scale (YGTSS) because this was the
most commonly reported scale in the included studies and is commonly used in clinical practice. For other
outcomes, when sparse data were reported in studies, results for all scales were included in the review.

Quality assessment

The Cochrane risk of bias tool was used to assess the quality of intervention studies.® This tool assesses
the risk of bias owing to methods of randomisation and allocation of the randomisation (selection bas),
blinding of participants and providers to intervention allocation (performance bias), blinding of outcome
assessors (detection bias), rates of dropout from the study and methods used to deal with missing data in
the analysis (attrition bias) and the selective reporting of outcome data (selective reporting bias). For the
purposes of this review, two additional aspects of study design were also considered: the suitability of the
control group and, for crossover trials, the adequacy of the washout period between treatments.
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INTERVENTIONS FOR TICS IN CHILDREN AND ADOLESCENTS

Overall risk of bias for each study was based on an overall assessment of whether or not any biases in that
study were likely to have had a significant impact on the findings, rather than a simple summation of the
quality ratings. Any source of bias considered to be a particular risk for the overall findings was alone
considered sufficient to determine that a study had a high overall risk of bias. Conversely, a study with a
high number of potential sources of bias, if not considered likely to have had a serious potential impact on
overall findings, may be classed as having a lower overall risk of bias.

The quality of evidence for each outcome was assessed using the Grading of Recommendations
Assessment, Development and Evaluation (GRADE) approach.®’ Within this approach, RCTs start as
high-quality evidence, whereas observational studies start as low-quality evidence. For each outcome,
quality may be reduced depending on five factors: risk of bias, inconsistency, indirectness, imprecision and
publication bias. Studies may be down-graded by one or two levels for each of these elements depending
on the seriousness of the problem. For the purposes of this review, each factor was evaluated using criteria
provided in Table 1.

As child studies form the most applicable evidence for the review, when they were available, they formed
the primary evidence base and GRADE was applied. Mixed and adult studies were used as supporting
evidence. If child studies were not available, GRADE was applied to mixed or adult studies but these were
down-graded for lower applicability.

TABLE 1 Factors that decrease quality of evidence

Risk of bias

Inconsistency

Indirectness

Imprecision

Publication bias

Limitations in the study design and
implementation

Unexplained variation between study results

How closely the outcome measures,
interventions and participants match those
of interest

Results are imprecise when studies include
relatively few patients and few events and
thus have wide Cls around the estimate of
the effect

Systematic underestimate or an
overestimate of the underlying beneficial or
harmful effect owing to the selective
publication of studies

Serious risks across most studies (that reported a
particular outcome). The evaluation of risk of bias was
made using the Cochrane risk of bias tool

Important heterogeneity (-value was statistically
significant and greater than 50%)

For interventions in which child studies were not
available and adult or mixed populations were used,
these were considered as less applicable

If either of the following two situations were met:

(1) the optimal information size (for dichotomous
outcomes, OIS =300 events; for continuous outcomes,
OIS =400 participants) was not achieved, (2) the

95% Cl around the pooled or best estimate of effect
included both no effect and appreciable benefit or
appreciable harm

In no cases could the presence of publication bias be
assessed (all meta-analyses contained small numbers of
studies); therefore, for this review this was criteria not
applied

Cl, confidence interval; OIS, optimal information size.
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Data analysis

For parallel trials, continuous outcomes were analysed as change from baseline in the intervention
compared with the control group (i.e. change in intervention group mean score minus change in control
group mean score). This information was directly reported by some parallel trails. For other trials, results
were only presented as baseline and post treatment means and standard deviations (SDs) without an
estimate of the precision of change scores. In some cases, p-values for the net effect were reported and, in
these cases, p-values were used to calculate the standardised mean difference (SMD) and corresponding
standard error.

When only baseline and post treatment means and SDs were reported, in order to estimate the precision of
within-group changes, a correlation coefficient of 0.6 was assumed. This was selected after investigation

of studies in which baseline, post treatment and change scores were all reported with precision measurements
so that the correlation coefficient for outcomes could be determined. A range in correlation scores was
obtained (median 0.60, range 0.30-0.89) and 0.6 was selected for the primary analysis. For crossover studies,
outcomes were analysed as a comparison between post-treatment measures.

For continuous data, the SMD was used to judge the magnitude of effect, defined as small (-0.20),
medium (-=0.50) and large (-0.80). For dichotomous data, risk ratios (RRs) were calculated and the
magnitude defined as small (< 2), medium (2-4) and large (> 4).

When possible, sensitivity analyses were used to test the robustness of findings for each intervention using
the meta-analysis with the largest number of studies (sensitivity analyses for all interventions were not
performed owing to the paucity of data). In the first set of sensitivity analyses, lower-quality studies and all
crossover studies were removed. In the second set of sensitivity analyses, for calculating the precision of
change scores, a correlation coefficient of 0.3 was used (rather than 0.6).

Data analysis was performed using the Cochrane Collaboration Review Manager software (RevMan version 5.2;
The Cochrane Collaboration, The Nordic Cochrane Centre, Copenhagen, Denmark) using a random effects
model to pool results. Effect estimates were used to examine the magnitude of the effect and 95% confidence
intervals (Cls) to examine precision of the estimate.

Tourette expert group

Tourette expert group membership consisted of professionals in psychiatry, paediatrics, neurology, clinical
psychology, academic experts in psychiatry and psychology, and service user and carer representatives
nominated by TA. The majority of TEG members were co-applicants on the HTA grant that funded this
review. The review process was supported by staff from the National Collaborating Centre for Mental
Health (NCCMH), who undertook the clinical literature searches, reviewed and presented the evidence to
the Guideline Development Group, managed the process, and contributed to drafting the HTA report.
Four TEG meetings were held between June 2012 and May 2013. At each meeting, all TEG members
declared any potential conflicts of interest. During each day-long TEG meeting, in a plenary session, review
guestions and clinical evidence were reviewed and assessed, and research recommendations formulated.

Service users were invited to attend expert group meetings. One service user attended an expert group
meeting. A dedicated time — ‘service user concerns’ — was allocated to giving the opportunity for the
service user to express their thoughts on the progress and direction of the review.
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INTERVENTIONS FOR TICS IN CHILDREN AND ADOLESCENTS

Pharmacological interventions

Introduction

Although TS is now recognised as a biological disorder,® no pharmacological treatment has yet been
developed specifically to target tics. Instead, existing medications used as primary treatments for other
conditions have been used [e.g. in the 1960s haloperidol (Haldol®, Janssen; an antipsychotic) used for
schizophrenia was found to also have an effect on reducing tics when tested on people with TS].2

The beneficial antitic effects of haloperidol, a potent dopaminergic D2 receptor antagonist, suggested that
dopaminergic system imbalances may be implicated in tics and TS. However, it is likely that noradrenergic,
glutamatergic, [gamma-aminobutyric acid (GABA)]-ergic, serotonergic and cholinergic systems also play a
role in tics and TS.%

A broad range of medications, with different pharmacological targets and primary indications for other
conditions, have been used to treat TS. These medications include antipsychotics (dopamine antagonists),
noradrenergic agents, anticonvulsant drugs, monoamine oxidase inhibitors, 5-HT; receptor antagonists
(antiemetic and gastroprokinetic agents), dopamine receptor agonists (used to treat Parkinsonism), GABA;
receptor agonists (skeletal muscle relaxants), tricyclic antidepressants (TCAs), selective serotonin reuptake
inhibitors (SSRIs) and nicotinic acetylcholine receptor antagonists. Stimulant medication [methylphenidate
(Ritalin®, Novartis Pharmaceuticals UK) and dexamphetamine] has also been used in the treatment

of tics in association with ADHD.

In a recent prescribing survey among European expert clinicians,® the most commonly used medications
for tics were, in descending order, risperidone, clonidine, aripiprazole (Abilify®, Otsuka), pimozide (Orap®,
Janssen), sulpiride (Dolmatil®, Sanofi-Aventis), tiapride (not available in the UK) and haloperidol. In the
pharmacological treatment of tics in children and young people, newer antipsychotics (e.g. risperidone and
aripiprazole) and noradrenergic agents (e.g. clonidine) have increasingly been favoured over the older
antipsychotic drugs (e.g. pimozide, sulpiride and haloperidol).

There have been a number of reviews and clinical guidelines of pharmacological treatment for TS**°¢ but
no systematic review and guantitative meta-analyses of pharmacological treatments for tics have been
conducted to date.

Antipsychotic drugs

Pharmacology and prescribing

Antipsychotic drugs are sometimes divided into ‘first’- and ‘second’-generation antipsychotics, although this
really equates to older and newer antipsychotics. Both the older and newer antipsychotic drugs block
dopamine receptors (act as dopamine antagonists), with the risk of inducing extrapyramidal symptoms (EPS)
and adverse effects (e.g. dystonia, Parkinsonism and tardive dyskinesia). Other potential adverse effects of
antipsychotics may include sedation, increased appetite, weight gain (with glucose and lipid dysregulation),
hyperprolactinaemia, reduced seizure threshold and cardiac conduction changes (e.g. QT prolongation).
Pimozide has been associated with sudden cardiac death (QT prolongation). Therefore, some antipsychotics
require routine electrocardiogram (ECG) monitoring.

Risperidone (non-proprietary; Risperdal®, Janssen) is a second-generation antipsychotic licensed in the UK
for a range of conditions, including the treatment of schizophrenia, manic episodes in bipolar disorder and
persistent aggression in conduct disorder. It is the best studied antipsychotic drug for the treatment of TS¥
and was the most common medication used for treatment of children with TS among clinical members of
the European Society for the Study of Tourette Syndrome in a survey published in 2011.%

Avripiprazole (Abilify®, Otsuka) is a second-generation antipsychotic licensed in the UK for the treatment of

schizophrenia and the prevention and treatment of manic episodes in bipolar disorder. It is described as a
partial dopamine agonist.
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Olanzapine (non-proprietary; Zyprexia®, Lilly) is a second-generation antipsychotic licensed in the UK for
the treatment of schizophrenia, the treatment of moderate-to-severe manic episodes and prevention of
recurrence of manic episodes in patients with bipolar disorder.

Ziprasidone (Geodon/Zeldox®, Pfizer) is a second-generation antipsychotic approved by the US Food and
Drug Administration (FDA) for the treatment of schizophrenia and acute manic or mixed episodes associated
with bipolar disorder (with or without psychotic features), but is not currently licensed in the UK.

Haloperidol (non-proprietary; Dozic®, Rosemont; Haldol®, Janssen; Serenace®, TEVA UK) is a first-generation
antipsychotic licensed in the UK for a range of conditions, most commonly used in the treatment of
schizophrenia and psychosis. It is the only drug to have been granted a marketing authorisation (product
license) for TS in most European countries.’’

Pimozide (Orap®, Janssen) is a first-generation antipsychotic licensed in the UK for the treatment and
prevention of relapse in chronic schizophrenia and other psychoses.

Sulpiride (non-proprietary; Domatil®, Sanofi-Aventis; Sulpor®, Rosemont) is a first-generation antipsychotic
licensed in the UK for the treatment of acute and chronic schizophrenia.

Included studies
Six studies presented data for the efficacy of antipsychotic medications compared with placebo [Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) diagram, see Appendix 2]

haloperidol versus placebo: one child® and one mixed® study

pimozide versus placebo: one child (same study as for haloperidol vs. placebo)®® and two
mixed® 1% studies

risperidone versus placebo: one child™ and one mixed'® study

ziprasidone versus placebo: one child study.'®

Nine studies (head-to-head comparisons) compared the efficacy of one antipsychotic against another:

pimozide versus risperidone: one child’® and one mixed'® study
haloperidol versus pimozide: one child®® and two mixed® % studies
aripiprazole versus tiapride: one child study'”’

aripiprazole versus haloperidol: one child study'®

aripiprazole versus pimozide: one child study'®

olanzapine versus haloperidol: one child study.'®

Study characteristics

Study characteristics are shown in Appendix 3, Table 9. Four studies compared haloperidol with pimozide
and/or placebo. One crossover trial in 22 children compared haloperidol (mean dose of 3.5 mg/day) and
pimozide (mean dose of 3.4 mg/day) with placebo for 6 weeks each.?® A mixed parallel trial (crossover study
but end of first-phase results used) in 57 participants compared the use of maximum dose of 10 mg/day
haloperidol, maximum dose of 20 mg/day pimozide and placebo for 6 weeks.*® In another mixed studly,

20 participants underwent a crossover trial of maximum dose of 20 mg/day (10 mg/day for children aged
<10 years) pimozide compared with placebo for 6 weeks each.’® In another mixed crossover study, nine
participants underwent treatment with maximum dose of 12 mg/day haloperidol and pimozide in a
randomised order for 12 days each.'®®

Two studies compared risperidone with placebo. One parallel trial in 26 children'™ (a mixed study but the
child data were presented separately) compared maximum dose of 3-4 mg/day risperidone with placebo
for 8 weeks. A mixed parallel trial of 46 subjects compared the use of maximum dose of 6 mg/day
risperidone with placebo for 8 weeks.'?
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One parallel trial in 28 children compared the use of maximum dose of 20 mg/day ziprasidone'® with
placebo for 8 weeks.

Two studies compared pimozide with risperidone. One study was a crossover trial in which 19 children
underwent treatment with maximum dose of 4 mg/day risperidone and pimozide in a randomised order
for 4 weeks each.’™ The other study was a mixed parallel trial in which 50 adults and children were
randomised to either maximum dose of 6 mg/day risperidone or pimozide for 8 weeks.'®

One parallel study (quasi-randomised) in 200 children compared maximum dose of 15-25 mg/day
aripiprazole with maximum dose of 300-500 mg/day tiapride for 12 weeks.'”’

One parallel study (non-randomised) in 48 children compared maximum dose of 20 mg/day aripiprazole
with maximum dose of 4.5 mg/day haloperidol for 8 weeks.'*®

One controlled before-and-after study in 50 children investigated the comparative cardiovascular safety of
a mean dose of 4.4 mg (SD 1.5 mg) twice a day of pimozide with a mean dose of 5.3 mg (SD 2.4 mg)
twice a day of aripiprazole for 24 months.'®

One parallel RCT in 60 children compared maximum dose of 10 mg/day olanzapine with maximum dose of
12 mg/day haloperidol for 4 weeks."'°

In all studies, the use of other psychotropic drugs was prohibited and previous medications were stopped
(with a washout period) before the start of the study.

Risk of bias

The crossover study of haloperidol, pimozide and placebo in children®® did not have clear methods for
randomisation or sequence generation but participants, providers and outcome assessors were blind to
treatment assignment. There was a 2-week washout period between treatments. The rate of dropout

was relatively low and the last observation carried forward was used in the analysis. Overall, the study was
considered to be at unclear risk of bias owing to possible cross-treatment contamination.

The mixed crossover study of haloperidol, pimozide and placebo® had unclear methods of randomisation
and the presence of allocation concealment and outcome assessor blinding was unclear. First-phase data
were presented for this study and, for these results (used in this review), the risk of bias from cross-treatment
contamination is avoided. Analysis was of available case data but dropout from the study was reasonably
low (16%) and there may have been low risk of attrition bias. Overall, the study was considered to be at
unclear risk of bias owing to unclear provider and outcome assessor blinding.

The mixed crossover study comparing pimozide with placebo' had unclear methods of randomisation and
the presence of allocation concealment and outcome assessor blinding was unclear. There was a 2-week
washout period between treatment periods. Attrition from the study was reasonably low (17%). Overall, the
study was considered to be at unclear risk of bias owing to unclear blinding of participants, providers and
outcome assessors and unclear cross-treatment contamination.

The mixed study of haloperidol compared with pimozide,'® had unclear methods for randomisation and
allocation concealment but there appears to have been blinding of participants, providers and outcome
assessors. The between-intervention washout period was 6 days. The number of participants randomised
in the study is not reported (only completers were analysed) and the risk of attrition bias is unclear. Overall,
owing to the short between-treatment washout period and the unclear risk of attrition bias, the study was
considered to be at unclear risk of bias.

NIHR Journals Library



VOL. 20 NO. 4

The parallel trial of risperidone compared with placebo in children™" had unclear methods of randomisation
and allocation concealment but participants, providers and outcome assessors were blind to treatment
allocation. The rate of dropout was low and last observation forward was used in the analysis. Overall, the
study was considered to be at low risk of bias.

The parallel study of ziprasidone compared with placebo in children' had unclear methods of
randomisation and allocation concealment. It is unclear whether or not participants, providers and
outcome assessors were blind to treatment allocation. Dropout from the study was reasonably low and
data from all participants with one post-baseline measurement were carried forward in the analysis.
Overall, this study was considered to be at unclear risk of bias owing to unclear blinding of providers and
outcome assessors.

The mixed parallel study of risperidone compared with placebo'® had unclear methods for randomisation
and allocation concealment. It is stated that the drug was administered under double-blind conditions

but there is no description of participant, provider or outcome assessor blinding. Analysis was by last
observation carried forward for all participants with at least one post-baseline measurement and the risk of
attrition bias may have been low. Overall, the study was considered to have unclear risk of bias owing to
unclear patient, provider and outcome assessor blinding.

In the child crossover study of risperidone compared with pimozide, ' the method of randomisation,
allocation concealment and blinding of outcome assessors was unclear. There was a 2-week washout
period between interventions and it was unclear whether or not this was sufficient to avoid cross-treatment
contamination. There was a relatively high rate of dropout and analysis was of available case data. Overall,
the study was considered to be at high risk of bias owing to unclear risk of outcome assessor blinding,
possible cross-intervention contamination and attrition bias.

In the mixed parallel study of risperidone compared with pimozide,'® a computer-generated code was
used for randomisation but the presence of allocation concealment and blinding of participants, providers
and outcome assessors was unclear. There was a low rate of dropout and intention to treat analysis was
used. The study was considered to be at unclear risk of bias owing to unclear blinding of participants,
providers and outcome assessors.

In the parallel trial of aripiprazole compared with tiapride in children,'” quasi-randomisation was used with
participants assigned according to the order that the presented in clinic (odds aripiprazole, evens tiapride)
although baseline tic severity was similar. The presence of allocation concealment or blinding or
participants, providers or outcome assessors was unclear. The rate of dropout was low (2%) and although
intention-to-treat analysis was not used, the risk of attrition bias was low. The study was considered to be
at unclear risk of bias owing to unclear blinding of participants, providers and outcome assessors.

In the parallel study of aripiprazole compared with haloperidol in children,'® there was no randomisation
and participants could choose which drug they received. There was no blinding of participants, providers
and outcome assessors. The rate of dropout was moderate and different for aripiprazole (35%) and
tiapride (16%). Analysis was of available cases and there was unclear risk of attrition bias. The study was
considered to be at high risk of bias owing to lack of randomisation or blinding of participants, providers
and outcome assessors and unclear risk of attrition bias.

In the parallel safety study of pimozide compared with aripiprazole in children,'® participants do not
appear to have been randomised but the method of allocation is unclear. There was no blinding of
participants, providers and outcome assessors and attrition from the study is not reported. Outcomes were
objective (cardiovascular safety profiles) and the lack of blinding may not have been an important source
of bias. However, owing to the lack of randomisation and baseline dissimilarity (baseline age 9 years vs.
13 years for pimozide and aripiprazole, respectively) the study was considered to be at unclear risk of bias.
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In the study of olanzapine compared with haloperidol in children,” participants were randomised
according to their hospital admission number and a computer-generated randomisation code. There
appears to have been allocation concealment and blinding of participants, providers and outcome
assessors. The rate of attrition was apparently low (10%) but participants were also excluded from the
study for poor compliance and serious adverse effects, but the numbers of these participants is not
reported. The study was considered to be at unclear risk of bias owing to the possibility of attrition bias.

Clinical evidence for antipsychotic drugs

Child and mixed-study findings for each drug compared with placebo are presented and head-to-head
comparisons (risperidone vs. pimozide and haloperidol vs. pimozide) are then presented. Findings for
all antipsychotic drugs compared with placebo are then presented combined.

Haloperidol compared with placebo
Two studies, one crossover trial in children and one parallel trial in a mixed population of adults and
children, investigated treatment with haloperidol compared with placebo.

The child crossover study®® measured post-treatment tic severity with the TS global scale and the
mixed parallel study®® used the Shapiro Tourette Syndrome Severity Scale (TSSS). Results from each study
suggested a benefit for haloperidol compared with placebo on tic scores for children (SMD —0.50, 95% ClI
—0.89 to -0.10; n =22) and the mixed group (SMD -0.84, 95% Cl -1.51 to —=0.17; n=37) (Fiqure 2).

For motor tics alone, post-treatment motor tic scores from the child study suggested a benefit for
haloperidol compared with placebo (SMD -0.63, 95% Cl —1.04 to -0.22; n=22) but the effect was
inconclusive in the mixed study (SMD —0.38, 95% Cl —1.03 to 0.27; n=37) (Figure 3).

For vocal tics, the effects post treatment were inconclusive (Figure 4).

For haloperidol, one study (n=22) in children measured global outcome with the TS global
scale (contains components of tic frequency/severity and impairment),®® but the results were inconclusive
(Figure 5).

Impairment was also assessed with the Children’s Global Assessment Scale (C-GAS). Post treatment, the
results favoured haloperidol compared with placebo (SMD -0.49, 95% Cl —-0.88 to —0.09; n=22) (C-GAS
higher scores show favourable effect, for consistency with other outcomes, scores reversed here) (Figure 6).

No relevant studies reported this outcome.

The child and mixed study assessed overall clinical outcome with the
clinician-reported Clinical Global Impressions (CGI) Scale. In the child study, post-treatment CGl-Severity
score suggested a benefit for haloperidol compared with placebo (SMD —1.23, 95% Cl -1.73 to —-0.74;
n=22) (Figure 7).

In the mixed study, CGI scores suggest a benefit for haloperidol compared with placebo for clinician (SMD
—0.80, 95% ClI -1.47 to —-0.13; n=37) and patient rated scores (-0.87, 95% Cl -1.55 to -0.19; n=37)
(Figure 8).

No relevant randomised trials reported long-term outcomes.

In the child study,® it is reported that general adverse effects did not differ between treatment
groups (p =0.94). For EPS, because a carryover effect was detected in the whole study analysis,
investigators analysed just the first-phase data for this outcome. There was no conclusive difference in
Extrapyramidal Symptom Rating Scale (ESRS) score for haloperidol compared with placebo (SMD 0.51,
95% Cl-0.06 to 1.07; n=11) (Figure 9).
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Abnormal involuntary movements, assessed by the Abnormal Involuntary Movement Scale (AIMS), were
similar for haloperidol compared with placebo (SMD 0.11, 95% Cl-0.27 to 0.48; n=22) (Figure 10).
There was no evidence of electrocardiovascular effects for haloperidol in this study and it was
indistinguishable from placebo in its effects on heart rate, rhythm and waveform.

In the mixed study,®® based on the CGlI score, there was evidence of increased adverse effects for
haloperidol compared with placebo when rated by physicians (SMD 0.78, 95% Cl 0.11 to 1.45; n=37)
and participants (SMD 0.75, 95% Cl 0.08 to 1.42; n=37) (Figure 11). In this study, for moderate or
marked adverse effects, it is reported that there was no significant difference between haloperidol and
placebo except for akinesia, and there were significantly more events in the haloperidol compared with the
placebo group [haloperidol: 50% (9/18), placebo: 11% (2/19); p=0.011].

Moderators of effectiveness In the mixed study,® investigators examined a large number of potentially
moderating factors on outcomes of the CGI and Shapiro TSSS (52 factors examined, e.g. age, sex and
history of tics). The only significant correlation was a negative correlation between age and CGl score
[r=-0.56; p=0.003, favoured younger age (age range of participants in the study was 8-65 years and
was entered into the analysis as a continuous independent variable. The negative correlation of CGl score
with age suggests that older participants in this age range (8-65 years) showed the least improvement
with haloperidol)].

Pimozide compared with placebo

Tics

One child and two mixed studies measured intervention effects on tic scores for pimozide compared with
placebo (Figure 12). The child study®® used the TS global scale tic score and the mixed studies used the
Shapiro TSSS.%%1% |n the child study, results from the post-treatment TS global scale tic score suggested a
benefit for pimozide compared with placebo (SMD -0.81, 95% Cl —-1.24 to —0.38; n=22), but was
inconclusive when results from the two mixed studies were pooled (SMD —0.75, 95% CI —1.95 to 0.46;
n=>59). There was heterogeneity between the two mixed studies (2 = 85).

The studies presented data separately for motor (Figure 13) and vocal (Figure 14) tic components. The
results for post-treatment motor tic score suggested a benefit for pimozide compared with placebo in
children (SMD —-0.75, 95% Cl —-1.17 to =0.32; n=22) and the mixed group (SMD -0.94, 95% Cl -1.76 to
-0.12; n=59). There was heterogeneity between the two mixed studies (7 =67%).

The post-treatment vocal tic score suggested benefit for pimozide compared with placebo in children
(SMD -0.66, 95% Cl —-1.07 to —=0.25; n=22), but the results were inconclusive when the two mixed
studies were pooled (SMD -0.63, 95% Cl -1.54 to 0.28; n=59). There was heterogeneity between mixed
studies (2 =75%).

Impairment One child study reported post-treatment results for global TS severity (contains tic and
impairment components).®® The results suggested a benefit for pimozide compared with placebo (SMD
—0.65, 95% CI -1.06 to —0.23; n=22) (Figure 15).

Impairment was also assessed with the C-GAS and post-treatment results suggested a benefit for pimozide
compared with placebo (SMD -0.64, 95% Cl -1.05 to —-0.23; n=22) (C-GAS higher scores show
favourable effect, for consistency with other outcomes, scores reversed here) (Figure 16).

Psychological well-being No relevant studies reported this outcome.

Overall clinical outcome In the child study,®® post-treatment CGl-Severity score was measured. The
results suggested a benefit for pimozide compared with placebo (SMD -1.23, 95% Cl -1.73 to -0.74;
n=22) (Figure 17).

© Queen'’s Printer and Controller of HMSO 2016. This work was produced by Hollis et al. under the terms of a commissioning contract issued by the Secretary of State for Health.
This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals provided that
suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be addressed to: NIHR
Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science Park, Southampton
SO16 7NS, UK.

25



"selq §0 sl ‘a0y
‘s|geuien yuspuadapul ‘Al ‘ogade|d yum pasedwod jopladojey oy Apnis paxiw syl ui syuanied pue suepisAyd Aq passasse 9400s S1349 9SIAPE |DD pasipiepuels

oqgade|d sinoaeq |opliadojey sinone4

S S S SR

(€0'0=d) 02°'7=2 :3094} ||EI3NO 10} 1S3 ]

9|qedidde jou :AysuabousisH

(2’1 0180°0) SL'0 —al— %0°00L 6l 8L (ID %S6) |e301qNS

(2’1 0180°0)SL°0 _ JysiiJespun %000l 61 L 60 8l vl 6L 666861 oJideys

(20'0=d) 827 =2 :1094}d ||EI3N0 1O} 1S3 ]

9|gedijdde jou :AysusbolisisH

(S"'1L0311°0)8L°0 —~l— %0°00L 6l 8L (ID %S6) 1e303qNnS

(S'L0311'0)8L0 — JysiJespun %000l 61 L 80 8l €l 8’1l 666861 oJideys

1D %56 ‘wopuel ‘Al 1D %56 ‘wopuel ‘Al 404 ||eJon0  YBISAN B30l A4S UBdN [elo) as uesiy dnoubqns 1o Apnis
ains ains oqgade|d |opliadojey

juswleoaJl-1sod juswleoaJl-1sod

"J04J3 plepuels ‘3§ ‘d|gelien yuapuadapul ‘Al “Apnis pliyd> sy} ul ogade|d yum pasedwod [opladojey 10} 2103s SV Juswieall-3sod pasipiepuels

ogade|d sinone4 |opuadojey sinoae
. qade| | d o_ p! _Ts Nm (£5'0=d) £G°0=2Z :109}43 ||BJ3NO 10} 153
L X ' i 9|gedijdde jou :Aysusabouislsy
(87°001.£Z0-)LLO %0°00L (ID %S6) |e301
(87°001L20-)LLO —— %0001 16170 80L°0 86,661 99]|€S
1> %56 ‘Wopuel ‘Al > %S6 ‘Wopues ‘Al EVIIETV s ans dno.bgns Jo Apmis
dins dins

NIHR Journals Library



VOL. 20 NO. 4

*10449 piepuels ‘3§

'selq JO Sl ‘gOY 'WOPIdly JO s9263pP ‘}p 'SIPNIS PAXIW pue piyd Y} ul ogade|d Yyum pasedwod apizowid Jo4 S2103S [} |10} JudWiealy-3sod pasipiepuels

[4

oqgade|d sinoAe4 apizowid sinone4

l 0 L=

-

%0=2¢/ ‘(6:0=d) L=4P 'L0°0=,% :592UdJa}}Iip dnoibgns Jo} 1539

(2Z'0=d) LZ'L=2 :109}4d ||RJDAO 10} }S9]
%S8=7/ {(0L0°0=0) L=4P '£99=X [y9°0 =2 :Alouab0I315H

(9v°0 03 56°L-) SL°0- —r— %0°00L (1D %S6) le3orans
(89°0 02 90°2-) LE'L— —»  suJespun  %E6y  CSE0  LEL- 0017861 odideys
(6v°001£L0-) VL 0O— — Asuiespun  %/°0S Lceo vio- 666861 oaideys
(2000°0=0d) 69'€=2 :109}43 ||€ISNO JOJ IsB]

9|qedijdde jou :AyvuaboislsH

(8€°0- 01 ¥T'L-) 180 o %0001 (ID %S6) [e303gns
(8€0—01vZ'L-) 180~ — — Jsuaespun %000l 220  ZL80- 86,661 93]|€S
1D %S6 'wopuel ‘A 1D %S6 ‘wopuel ‘Al g0y [[e49A0  WYbBIdIAN IS ans dnoibgns 4o Apnig

dins

ains

© Queen'’s Printer and Controller of HMSO 2016. This work was produced by Hollis et al. under the terms of a commissioning contract issued by the Secretary of State for Health.
This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals provided that

suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be addressed to: NIHR
Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science Park, Southampton

SO16 7NS, UK.



*10J4J9 piepuels ‘3§ seiq Jo sl ‘gOY -a|qeliea
juspuadapul ‘| ‘Wopaa4 4O s92469p ‘Jp *SBIPNIS paxiw pue pliyd ayl ul ogade|d yum pasedwod apizowid 104 $310IS D1} JOJOW JudwWieall-1sod pasipiepuels

oqgade|d sinoAe4 apizowid sinone4 %0=¢,/'(89°0=d) L=4p ‘L1 '0=,% :s92udJa44ip dnoibgns 10} 153
4 L 0 L= [
L 1 ]

(€0°0=d) ¥2'7=2 1309449 ||BI9A0 10} 19|
%L£9=,1(80°0=0d) L=4p 'v0'E=,X p7°0=,2 :ANdUS6OIBIEH

(21°0- 01 9£°L-) ¥6°0~ —— %0001 (1D %S6) le303gns
(11'003 £1'1-) €50~ —— AsUJedPUN  %LLS  6ZE0  ES0- 66861 oadeys
(89°0—-0190°2) LE'L- ———> dsuJespun %687  TSE0 LEL- 0017861 ouideys

(900070 = d) Si'E = Z 1109449 ||BJSNO 104 1S9 ]
9|qedijdde jou :A}1ousabolislaH

(zZ€0- 01 LL'L-) SL°0- o %0°00L (1D %56) [e303gNS

(2Z€0-01 £L'L-) SL0- . sl Jespun  %0°00L 9120 9L 0- 26661 93]|eS

1D %S6 ‘Wopuel ‘Al 1D %G6 ‘Wopues ‘Al 90Y ||eJ9A0 YBIBM IS ans dnoibqns 1o Apnig
ans ans

NIHR Journals Library



VOL. 20 NO. 4

"J10419 pJepueis ‘3 s|qeliea uspuadapul ‘Al "ua4p|iyd ui ogade|d yim pasedwod spizowid 10} 91025 [eqo|b S| Juswieal}-1sod pasipiepuels

4

oqgade|d sinoAe4 apizowid sinone4

L 0 1=

-

(200°0=d) 80'E =Z :1094Jd ||€4DNO 104 1591
9|qedijdde jou :AyousboislaH

(€2°0-0390°L-) §9°0- o %0°00L (1> %S6) |e3039NS
(€2°0-0190'L-) §9°0- —— %0001 120 9%9°0- g6L661 93]eS
1D %S6 ‘wopuel ‘Al 1D %S6 ‘wopuel ‘Al VIIIETT EN ams dnolbqns Jo Apnis

dins

dins

*10J4J9 piepuels ‘3§ :seiq Jo sl ‘gOY

'3|qelieA Jusapuadapul ‘Al ‘WOP3I4 JO 92463 ‘4P "SSIPNIS PAXIW pue P|Iyd Y} Ul ogade|d Yim pasedwod spizowid 104 9403 J1} |EIOA JUSWIEIII-}sod pasipiepuels

4

L 0 __‘l

ogade|d sinoAeq{ apizowid sinoAe4

W|

%0=,/ '(56'0=0d) L=4p ‘00°0=,X :s92ua43441p dnoibqgns 1o} 153

(81°0=d) GE'|L =Z :1094}D ||EIDAO 10} 1S9 |
%SL=7 ((S0°0=d) L=4p ‘S6°E=,X ‘Z€0=;2 :AUDUS60ISIOH

(820 03 ¥S°L-) €9°0— %0°00L (ID %S6) e101qns
(Er’'0-039/°L-) OL'L— — Jysiiiespun  %Eeel 6EE0 860°L- 0017861 odideys
(9%7°0 03 08°0-) LL'0- — JAsiiaespun  %/L0S 12€°0 LLO- 666861 oJideys
(200°0=d) £1°£=2:1094}3 ||BJONO 1O} 3591

9|qedijdde jou :AydusboisisHy

(S2°0- 01 £0'L-) 9970~ > = %0001 (1> %S6) |ez01qns
(§2°0— 01 £0°L-) 99°0— —_ — JsiaJespun %0001 1Z°0 £S9°0- 26,661 93]S
1D %G6 ‘wopued ‘Al 1D %G6 ‘wopued ‘Al 40y [|e19A0  1ybIap 3s ains dnoubgns 1o Apnis

ans

ans

© Queen'’s Printer and Controller of HMSO 2016. This work was produced by Hollis et al. under the terms of a commissioning contract issued by the Secretary of State for Health.
This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals provided that

suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be addressed to: NIHR
Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science Park, Southampton

SO16 7NS, UK.



10113 piepuels ‘3§

‘a|qersen uspuadapul ‘Al “Apnis pjiyd ay} ut ogade|d yum pasedwod apizowid YHm juswieal) bBuimo||o) uaip(iyd Joj 9105 A1IASS-|DD Juswieall-lsod pasipiepuels

ogade|d sinoAeq apizowld sinone4
4 l 0 L= [

e

(PL0-0rEL L) ETL- —_ —

(rL0-0reL'L-) ETL-

(L0000°0>d) /8% =2 :179}43 ||B4OAO JOJ 1591
9|qe>ijdde jou :Al1vusbouislsH
%0°00L (1D %S6) 3oL

%0001 €S9C°0 E€ET L 86,661 °9]|BS

1D %S6 ‘wopuel ‘Al 1D %S6 ‘wopuel ‘Al
ams ams

FSIETY 3s amns dnoubqns uo Apnis

"J04J3 plepueis ‘Is ‘|gelien yuapuadapul ‘Al “Apnis pliyd> sy} ul ogade|d yum pasedwod apizowlid Joj 9103s SYD-D Judwiealy-isod pasipiepuels

oqgade|d sinone4 apizowid sinone4
4 l 0 L= 4

-

(€T0-0150'L-) ¥9°0- — -

(€20-0150°L-) 90—

(2Z00°0=0d) £0'E =2 :309443 ||€IINO 10} 15|
9|qedijdde jou :AlausbouisisH

%0°00L (ID %S6) 2301

%0°001 6020 L¥9'0— 86,661 93]|€S

1D %56 'wopuel ‘Al D %56 'wopuel ‘Al
dins dinNs

1ybiapn 3s ans dnoubgns 1o Apnis

NIHR Journals Library



DOI: 10.3310/hta20040 HEALTH TECHNOLOGY ASSESSMENT 2016 VOL. 20 NO. 4

In one of the mixed studies,®® CGl score was assessed by clinicians and participants (unclear which type of
CGl score this is, higher score appears to indicate better efficacy, axis have been reversed for clarity).
Treatment with pimozide resulted in better CGl scores when assessed by clinicians (SMD -0.70, 95% Cl
-1.35 t0 -0.05; n=39) and participants (SMD -0.68, 95% Cl —1.33 to -0.04; n=39) (Figure 18).

Long-term outcome No relevant randomised trials reported long-term outcomes.

Safety In the child study,®® it is reported that general adverse effects did not differ between treatment
groups (p=0.94). For EPS, because a carryover effect was detected in the whole study analysis,
investigators analysed just the first-phase data for this outcome and ESRS scores were similar for pimozide
compared with placebo (SMD 0.20, 95% CI -0.33 to 0.73; n=11) (Figure 19).

In this study, abnormal involuntary movements, assessed by the AIMS, were similar for pimozide compared
with placebo (SMD 0.22, 95% Cl -0.16 to 0.60; n=22) (Figure 20). There was no evidence of
electrocardiovascular effects for pimozide and it was indistinguishable from placebo in its effects on heart
rate, rhythm and waveform.

In the mixed study,® for adverse effects rated on the CGl scale, there was no conclusive difference in
adverse effect scores for pimozide compared with placebo when rated by physicians (SMD 0.44, 95% Cl
-0.19 to 1.08; n=39) or participants (SMD 0.31, 95% Cl —-0.32 to 0.95; n=39) (Figure 21). In this study,
for moderate or marked adverse effects, it is reported that there was no significant difference in event
rates for pimozide compared with placebo.

In the safety study comparing pimozide with aripiprazole,’® there was no conclusive difference in heart
rate for pimozide compared with aripiprazole [mean difference (MD) 4.90, 95% Cl -1.16 to 10.96;
n=50], but there were greater reductions from baseline in systolic (MD —20.00, 95% Cl -26.56 to —13.44;
n=50) and diastolic (MD —13.70, 95% Cl -17.39 to —10.01; n=50) blood pressure (BP) and greater
increases in ECG-QT (MD 25.50, 95% Cl 12.69 to 38.31; n=50) and ECG-QTc (MD 19.10, 95% Cl 10.07
to 28.31; n=50) compared with aripiprazole.

Moderators of effectiveness In the mixed study,® investigators examined a large number of potentially
moderating factors on outcomes of the CGI and Shapiro TSSS (52 factors examined, e.g. age, sex and
history of tics). The only significant correlation was a negative correlation between age and CGl score
(r=-0.39; p=0.04, favoured younger age).

Risperidone compared with placebo
One child™" and one mixed'® parallel trial compared the efficacy of risperidone with placebo.

Tics

Results from the YGTSS total tic score suggested a benefit for risperidone compared with placebo in
children (SMD —1.10, 95% Cl —1.94 to —0.26; n=26) and in the mixed study in terms of Shapiro TSSS tic
(SMD -0.62, 95% CI -1.21 to —0.03; n=46) (Figure 22).

Impairment No relevant studies reported this outcome.
Psychological well-being No relevant studies reported this outcome.

Overall clinical outcome In both studies, the CGl scale was used to assess overall clinical change. In the
child study, findings were dichotomised as the proportion of children who were much or very much
improved compared with those who were not and, in the mixed study, findings were reported as the
reduction in CGlI-Severity score. A greater proportion of children were much or very much improved
following treatment with risperidone compared with placebo (RR 0.27, 95% Cl 0.10 to 0.73; n=26)
(Figure 23).
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In the mixed study, the CGI-Severity score following treatment suggested a benefit for risperidone
compared with placebo (SMD -0.66, 95% Cl —1.26 to —0.07; n=46) (Figure 24).

Long-term outcome No relevant studies reported long-term outcomes.

Safety Both studies recorded adverse effects [for child study, adverse effects reported for the whole study
population (n =34) and not the separate paediatric sample]. Common adverse effects reported in both
studies are shown in Figure 25 and adverse effects reported in only one or other of the studies, and with
an event rate of > 5, are shown in Figure 26.

For both studies combined, there were higher rates of fatigue (RR 3.72, 95% Cl 1.57 to 8.85; n=280),
somnolence/sedation (RR 5.38, 95% CI 1.24 to 23.30; n=80) and increased appetite/weight gain (RR 7.68,
95% Cl 1.46 to 40.43; n=280) but similar rates of headache (RR 0.40, 95% CI 0.15 to 1.04; n=280) and
abnormal vision (RR 1.14, 95% Cl 0.07 to 17.91; n=80) for risperidone compared with placebo.

For outcomes reported in only one of the studies with > 5 events (all from the mixed study), there was no
conclusive difference in rates of dizziness (RR 1.50, 95% Cl 0.64 to 3.53; n =46), depression (RR 6.00,
95% Cl 0.78 to 45.99; n=46), increased saliva (RR 2.00, 95% Cl 0.57 to 7.05; n=46), tremor (RR 3.00,
95% Cl 0.67 to 13.34; n=46), dry mouth (RR 2.50, 95% CI 0.54 to 11.60; n =46) or hypertonia

(RR 1.33, 95% CI 0.34 to 5.30; n=46).

In the study with the child subgroup,'" for the whole mixed study population there was an increase in
weight of 2.8 kg in the risperidone group compared with no change in the placebo group (p =0.0001).
The study reported that a similar increase was observed in the paediatric sample alone. In this study, no
EPS were reported and there were no abnormalities or clinically significant changes in laboratory values,
cardiovascular indices or vital signs. Two children taking risperidone had acute social phobia and treatment
was reduced in one child and discontinued in the other.

In the mixed study,'®* the ESRS was used (Figure 27). The parkinsonism examination total score of the ESRS
suggested a harm for risperidone compared with placebo (SMD 1.01, 95% Cl 0.39 to 1.63; n=46) but
results from the dystonia subscale (SMD 0.00, 95% Cl —-0.58 to 0.58; n=46) and the dyskinetic
movements subscale (SMD —-0.09, 95% Cl —-0.67 to 0.49; n=46) were inconclusive.

Ziprasidone compared with placebo
One small parallel trial in children compared the efficacy of ziprasidone with placebo.®®

Tics
Tics were assessed with the YGTSS. The results suggested a benefit for ziprasidone when compared with
placebo (SMD -1.10, 95% Cl -1.93 to -0.27; n=27) (Figure 28).

Impairment No results for impairment were reported separately but impairment was measured as part of
the YGTSS global scale. There was a greater reduction from baseline in YGTSS global score for ziprasidone
compared with placebo (SMD -1.02, 95% Cl -1.84 to —0.20; n=27) (Figure 29).

Psychological well-being No relevant studies reported this outcome.

Overall clinical outcome Overall clinical outcome was assessed using the CGl-Severity scale, but the
results were not conclusive (SMD —0.71, 95% CI —1.50 to 0.09; n =27) (Figure 30).

Long-term outcome No relevant studies reported long-term outcomes.
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There were a greater number of participants experiencing treatment-emergent adverse effects for
ziprasidone compared with placebo (RR 1.68, 95% Cl 1.05 to 2.70; n=28) (Fiqure 31).

Most events were considered mild or moderate. One case of somnolence and one of akathisia were
experienced in the ziprasidone group at maximum drug dosage (dosage was reduced but treatment did
not have to be discontinued). The most common adverse effect was mild sedation (11 out of 16 in
ziprasidone group compared with 5 out of 12 in the placebo group had increase in sedation score at some
point, y2=1.44;, p=0.21).

The increase in body weight was similar for the ziprasidone (+ 0.7 + 1.5 kg) and placebo (+ 0.8 + 2.3 kg)
group (MD 0.1, 95% Cl —1.59 to 1.39; n=28) (Figure 32) and it was reported that there were no
discernible patterns in abnormalities detected on laboratory tests and there were no between-group
differences in vital signs, pulse rate, standing or sitting BP or ECG parameters.

Risperidone compared with pimozide
One child crossover study'* and one mixed parallel study'® compared the efficacy of risperidone
with pimozide.

Tics
In the child study,'® tic outcome was assessed with the YGTSS, whereas in the mixed study'® tic outcome
was assessed with the Shapiro TSSS. Results were not conclusive (Figure 33).

Within the mixed study, a subgroup analysis was conducted of participants aged < 18 years or > 18 years.
It was reported that, although efficacy tended to be better for both drugs in the younger age group, there
was no significant difference for pimozide compared with risperidone for participants within either

age group.

In the child study,’™ impairment was measured with the YGTSS impairment scale. In the
mixed study,’® impairment was measured with the Global Assessment of Functioning scale, which assesses
changes in social and occupational functioning. Results from both the child study (n = 13) and the mixed
study (n =50) were not conclusive, although there was some evidence of a difference in the effect
between the child and the mixed study (2 =72% for the subgroup difference) (Figure 34).

In the mixed study (n = 50),'® anxiety was assessed using the Hamilton Rating
Scale for Anxiety, but the results were inconclusive (Figure 35).

In the child study,'® overall clinical outcome was assessed with the Clinical
Global Impressions — Improvement (CGI-I) scale and, in the mixed study'® outcome was assessed as the
change from baseline on the CGl-Severity scale. In both the child study (n =13) and the mixed study
(n=50) the results were inconclusive (Figure 36).

No relevant studies reported long-term outcomes.

In both studies, participants’ weight was measured before and after treatment. In both studies,
there was a trend suggesting increased weight gain for risperidone compared with pimozide. The overall
difference in weight gain for risperidone compared with pimozide was 0.77 kg (95% Cl -0.18 to 1.73kg;
n=80) (Figure 37).

In the mixed study,'® participants were subgrouped by age and it is reported that weight gain during
risperidone administration was greater for participants aged < 18 years than for those > 18 years but, for
pimozide, it was similar for participants aged < 18 years and > 18 years (no data reported).

In both studies, the ESRS was used to assess any abnormal involuntary movements. There were similar
post-treatment ESRS scores for risperidone compared with pimozide in the child study (SMD -0.05,

95% CI -0.77 to 0.66; n =30) (Figure 38) and in the mixed study there was no change in the risperidone
group and a reduction of 0.1 in the pimozide group (no precision reported).
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In the child study,'® the Side Effects Checklist was used and there were similar post-treatment scores for
risperidone compared with pimozide (SMD -0.12, 95% Cl -0.84 to 0.59; n=30) (Figure 39).

In the mixed study,'® adverse effect event rates were reported separately. There was a lower incidence of
insomnia (RR 0.13, 95% Cl 0.02 to 0.99; n=50) but no conclusive difference in EPS-like adverse effects
(RR 0.46, 95% C1 0.16 to 1.34; n="50), or injuries (RR 0.15, 95% Cl 0.02 to 1.19; n="50) for risperidone
compared with pimozide (Figure 40).

In both studies, cardiovascular measures were made and, for both studies, it was reported that there were
no significant differences in any ECG parameters (including QT¢) for pimozide compared with risperidone.

Haloperidol compared with pimozide
One child crossover trial®® and two mixed trials (one parallel®® and one crossover'®) evaluated treatment
with haloperidol compared with pimozide.

Tics

In the child study,®® tic outcome was assessed with the TS global scale. In one mixed study, they were
assessed with the Shapiro TSSS* and in the other as tic count per 5 minutes.'® Results from both the child
study (n=22) and the mixed studies (n =47) were inconclusive. There was no evidence of heterogeneity
between the mixed studies (2 = 0%) (Figure 41).

The child study®® and one of the mixed studies® reported results for separate measures of motor and vocal
tics, but results were inconclusive (Figure 42).

For vocal tics, results from post treatment were inconclusive for the child study (n =22) and the mixed
study (n = 38) (Figure 43).

Impairment Only the child study assessed impairment and used the C-GAS. Post-treatment C-GAS score

was similar for haloperidol compared with pimozide (SMD 0.14, 95% Cl —-0.24 to 0.52; n=22) (Figure 44).

Psychological well-being No relevant studies reported this outcome.

Overall clinical outcome The child®® and one of the mixed®® studies assessed overall clinical outcomes
with the CGl scale. In the child study, post-treatment CGI-Severity score was similar for haloperidol and
pimozide (SMD 0.00, 95% CI —-0.37 to 0.37; n=22) (Figure 45).

In the mixed study, the results were inconclusive for physician-rated CGI (SMD —0.13, -0.77 to 0.51;
n=38) and participant-rated CGI (SMD -0.19, 95% C| -0.83 to 0.44; n=38) (Figure 46).

Long-term outcome No relevant studies reported long-term outcomes.

Safety In the child study,® it was reported that general adverse effects did not differ between treatment
groups (o =0.94). For EPS, because a carryover effect was detected in the whole study analysis, investigators
analysed just the first-phase data for this outcome, but the results were inconclusive (Figure 47).

For this study,’® post-treatment abnormal involuntary movements, assessed by the AIMS, were similar for
haloperidol and pimozide (SMD —0.09, 95% CI —-0.47 to 0.28; n=22) (Figure 48).

The number of children experiencing treatment-limiting adverse effects was greater for haloperidol
compared with pimozide but not conclusively different (RR 3.00, 95% Cl 0.94 to 9.62; n=22) (Figure 49).
It is reported that at least three haloperidol-treated participants developed treatment-emergent depression
or anxiety and two participants experienced academic failure attributed to the effects of haloperidol. It is
reported that most of the adverse effects caused by haloperidol were attributable to EPS and included
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akathisia (n =2) and akinesia (n =2). Two pimozide-treated participants experienced weight gain and one
had treatment-emergent anxiety. It was reported that there was no evidence of electrocardiovascular
effects for haloperidol or pimozide and both were indistinguishable from placebo in their effects on heart
rate, rhythm and waveform.

In one of the mixed studies,’® it was reported that both haloperidol and pimozide caused adverse effects
including anticholinergic (dry mouth, blurred vision) and extrapyramidal (dystonic) reactions that were
equally frequent, intense and short-lived for both drugs. The most common event (accounting for more
than two-thirds of adverse effects) was lethargy or tiredness, but a very small sample size makes any
comparison between groups difficult to interpret (Figure 50).

In the other mixed study,® for adverse effects rated on the CGl scale, there was no conclusive difference in
event rates for haloperidol compared with pimozide when rated by physicians (SMD 0.43, 95% Cl -0.22
to 1.07; n=38) or participants (SMD 0.44, 95% CI -0.21 to 1.08; n=38) (Figure 57). In this study, it is
reported that, for moderate or marked adverse effects, there were no significant differences for
haloperidol compared with pimozide.

Aripiprazole compared with other antipsychotic drugs
One controlled before-and-after study compared aripiprazole to tiapride,'” one compared aripiprazole to
haloperidol,'® and one compared aripiprazole to pimozide (safety study).’®

Tics

The study of aripiprazole compared with tiapride measured changes in tic severity/impairment with the
YGTSS global tic scale and the study of aripiprazole compared with haloperidol measured changes in tics
with the YGTSS total tic score. There was a similar reduction from baseline in global score for aripiprazole
compared with tiapride (SMD —0.07, 95% CI -0.35 t0 0.21; n=195) and no conclusive difference in
reduction from baseline tic score for aripiprazole when it was compared with haloperidol (SMD 0.53,
95% CI-0.07 to 1.13; n=48). However, there was some evidence of a difference between studies

(P =68% for the subgroup difference), therefore, the two studies were not pooled (Figure 52).

For motor tic score alone, there was a similar reduction from baseline for aripiprazole compared with tiapride
(SMD -0.19, 95% Cl -0.47 to 0.09; n = 195) and no conclusive difference compared with haloperidol (SMD
0.51, 95% C1-0.09 to 1.11; n=48). However, there was some evidence of a difference between studies

(P =77% for the subgroup difference), therefore, the two studies were not pooled (Figure 53).

For vocal tic score, there was a similar reduction from baseline for aripiprazole compared with tiapride
(SMD 0.02, 95% Cl -0.26 to 0.30; n =438) or haloperidol (SMD 0.03, 95% CI —-0.56 to 0.63; n=195).
Overall, the change in vocal tic score was similar for aripiprazole compared with another antipsychotic drug
(SMD 0.02, 95% ClI —0.23 to 0.28; n = 243) (Figure 54).

Impairment The study comparing aripiprazole with tiapride,'” measured impairment using the YGTSS
impairment scale. There was little difference in change from baseline impairment score for aripiprazole
compared with tiapride (SMD —0.04, 95% CI -0.32 to 0.24; n=195) (Figure 55).

Psychological well-being No relevant studies reported this outcome.

Overall clinical outcome The study comparing aripiprazole with tiapride assessed the proportion of
participants improved or markedly improved on the YGTSS and the study comparing aripiprazole with
haloperidol assessed the proportion of participants much or very much improved on the CGI-l scale. There
were similar proportions of participants much or very much improved for aripiprazole compared with
tiapride (RR 1.01, 95% CI1 0.80 to 1.27; n=195) and compared with haloperidol (RR 1.21, 95% Cl 0.76 to
1.91; n=48). Overall, there were similar proportions of children much or very much improved for
aripiprazole compared with other antipsychotic drugs (RR 1.05, 95% Cl 0.85 to 1.29; n=243) (Figure 56).
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INTERVENTIONS FOR TICS IN CHILDREN AND ADOLESCENTS

Long-term outcome No relevant studies reported long-term outcomes.

Safety Adverse effects were measured in both studies and are shown in Figure 57 (for events occurring in
at least two participants). There were no conclusive findings (all Cls included no effect).

In the safety study comparing pimozide with aripiprazole,’® pimozide produced greater reductions from
baseline in systolic BP (MD —20.00, 95% Cl -26.56 to —13.44; n=150) and diastolic BP (MD -13.70,

95% Cl-17.39 to -10.01; n=150), greater increases in ECG-QT (MD 25.50, 95% Cl 12.69 to 38.31;
n=>50) and ECG-QTc (MD 19.10, 95% Cl 10.07 to 28.31; n=50) compared with aripiprazole. There was
no conclusive difference in heart rate for pimozide compared with aripiprazole (MD 4.90, 95% Cl -1.16 to
10.96; n="50).

Olanzapine versus haloperidol
In one study,'"® olanzapine was compared with haloperidol.

Tics
Changes in tics were assessed with the YGTSS scale and there was no conclusive difference in reduction in total
tic score for olanzapine compared with haloperidol (SMD —0.37, 95% C1-0.91 to 0.17; n = 54) (Figure 58).

Impairment No findings for changes in impairment were reported by this study.
Psychological well-being No relevant studies reported this outcome.

Overall clinical outcome Overall clinical outcome was assessed with the CGl-Severity scale. The results
suggested a benefit for olanzapine compared with haloperidol (SMD —1.39, 95% Cl -1.99 to —-0.79;
n=54) (Figure 59).

Long-term outcome No relevant studies reported long-term outcomes.

Safety This study measured adverse effects with the Subjective Treatment Emergent Symptom Scale
(STESS). Lower adverse effect scores were reported for olanzapine compared with haloperidol (SMD -0.57,
95% CI -1.12 to —0.03) (Figure 60).

All antipsychotic drugs

Tics

As reported above, all studies of antipsychotic drugs measured changes in tic severity. In studies of children
compared with placebo, all antipsychotic medications showed greater reductions in tic score as measured
by the YGTSS total tic scale’'® or the TS global tic subscale.®® Overall, the SMD was -0.74 (95% Cl
—-1.08 to -0.41; n=75) (Figure 671), with no evidence of between drug differences (? =0% for test of
subgroup differences).

When mixed studies were included, the SMD was —0.75 (95% CI —-1.01 to —-0.49; n=197) (Fiqure 62).
Across all studies there was little evidence of between study variance (2= 12%) or between drug
differences (” =0% for subgroup differences).

For motor score in the child and mixed studies, the SMD was —-0.74 (95% Cl -1.07 to —-0.42; n=99)
(Figure 63). There was little evidence of a between drug difference (/2 for subgroup differences = 3.4%).

For vocal tics, the SMD for child and mixed studies combined was —0.56 (95% CI -0.89 to —0.23; n=99)
(Figure 64). There was little evidence of a between drug difference (? for subgroup differences =0%).
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Two studies in children presented changes in global measures of TS severity (tic and
impairment scores) measured with the YGTSS global scale’ or the TS global scale®® (Figure 65). No studies
in mixed populations presented findings for intervention effects on global TS measures. Overall, the SMD
was —0.51 (95% Cl -0.86 to -0.15; n =49), with no evidence of a between drug difference (” for
subgroup differences = 0%).

No relevant studies reported this outcome.

Overall clinical outcome was assessed with the CGl-Severity scale in two child
studies.®®'% Overall, there was a lower Clinical Global Impressions — Tic Severity (CGI-TS) score for
antipsychotic drugs compared with placebo (SMD —1.01 95% Cl —1.49 to —-0.53; n = 49) (Figure 66), with
little evidence of a between drug difference (/2 for subgroup differences =23%).

No relevant studies reported long-term outcomes.
See separate safety sections for each drug compared with placebo or another drug above.
Clinical evidence summary for antipsychotic drugs

Haloperidol

In one crossover study with 22 children,®® there was low-quality evidence (see Appendix 4, Table 14) of a
medium-sized effect in favour of haloperidol when compared with placebo in terms of tics measured at
the end of 6 weeks of treatment. This was generally supported by evidence from global impairment and
overall clinical outcome. The study was at risk of bias from cross-treatment contamination but the results
were consistent with a parallel study in a mixed population of adults and children.®® Both studies provided
evidence of adverse effects with higher rates of EPS® and adverse effects based on CGI.*

Pimozide

In one study with 22 children®® (which also included a haloperidol arm), there was low-quality evidence
(see Appendix 4, Table 15) of medium-to-large effects in favour of pimozide in terms of tics, impairment
and overall clinical outcome at the end of 6 weeks of treatment. The study was at risk of bias from
cross-treatment contamination but results were consistent with the overall effect in two mixed studies
(one parallel, one crossover) of adults and children.®'% The studies were inconclusive as to the presence of
adverse effects but pimozide tended to be associated with higher rates of EPS,?® abnormal involuntary
movements®® and CGl-rated adverse effects.® In the safety study comparing pimozide with aripiprazole'®
(graded as low-quality evidence), pimozide had greater increases in QT and QTc than aripiprazole.
Pimozide is currently not regularly prescribed in the UK owing to concerns about its affect on increasing
the QT interval'2 and the potentially fatal interaction with other drugs and the current evidence on its
safety may support caution over its use.

In the child study,® when directly compared with haloperidol, there was low-quality evidence (see
Appendix 4, Table 19) that pimozide had similar effects on tics, impairment and overall clinical outcome,
but two mixed studies®'® tended to favour haloperidol in terms of tics. For comparisons of adverse
effects, findings were inconclusive but tended to favour pimozide for EPS,%® treatment-limiting adverse
effects,’® CGl-rated adverse effects® and tiredness.'%

Risperidone

In one study with 26 children, ' there was low-quality evidence (see Appendix 4, Table 16) of a large effect in
favour of risperidone in terms of tics and overall clinical outcome after 8 weeks of treatment, and these results
were supported by a mixed study in adults and children.’® When both studies were combined, there was
evidence of increased rates of fatigue, sedation and appetite/weight gain for those treated with risperidone.
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From one study with 13 children,'® there was very low-quality evidence (see Appendix 4, Table 18) that was
inconclusive with regards to the relative effect of risperidone compared with pimozide, but the direction of
the effect favoured risperidone for tics, impairment and overall clinical outcome. These findings were not
supported by a mixed study of adults and children'® that showed no difference in effects on tics, impairment
or overall clinical outcome. Comparisons of adverse effects were inconclusive, but there tended to be greater
weight gain,’™% but less insomnia'® and physical injuries'® for risperidone compared with pimozide.

Ziprasidone

There was low-quality evidence (see Appendix 4, Table 17) from one study with 27 children'® of a large
effect in favour of ziprasidone in terms of tics, global tic/impairment and overall clinical outcome after

8 weeks of treatment (there were no supporting mixed or adult studies). There were higher rates of
adverse effects in the ziprasidone group, with sedation being the most common.

Aripiprazole

From one study with 195 children that compared aripiprazole with tiapride™ and one study in 48 children that
compared aripiprazole with haloperidol,’ there was very low-quality evidence (see Appendix 4, Table 20)
suggesting that aripiprazole was similar to other antipsychotic drugs in its effect on tics, impairment and overall
clinical outcome. Regarding adverse effects, data indicate that aripiprazole produced fewer QT and BP problems
than pimozide. In addition, although there was a tendency for there to be lower rates of hypersomnia, EPS

and headaches in the aripiprazole group than other antipsychotic drugs, the results were inconclusive.

Olanzapine

From one study with 60 children,’"® there was low-quality evidence (see Appendix 4, Table 21) that
olanzapine produced similar efficacy as haloperidol for tics, greater efficacy for overall clinical outcome and
lower rates of adverse effects.

All antipsychotic drugs

Given no apparent differences between antipsychotic drugs with regard to efficacy (2 for subgroup
differences = 0%), three studies in children (n =75) were combined providing low-quality evidence (see
Appendix 4, Table 22) of medium-to-large effects in terms of tics, impairment and overall clinical outcome.
There were three mixed studies®'%'%? that, when added to the meta-analysis with the child studies,
showed a similar overall effect size for tics.

Conclusion

Antipsychotic drugs are effective in the short term in reducing tics and tic-related impairments in children
and young people with TS. There are few clear differences between antipsychotics in effectiveness. The
side effect profile differs between antipsychotics, with weight gain, sedation, EPS and cardiac risks being
particular concerns.

Noradrenergic agents

Pharmacology and prescribing

Noradrenergic agents are classified as either presynaptic alpha-2 adrenergic agonists (e.g. clonidine,
guanfacine) or noradrenergic reuptake inhibitors [e.g. atomoxetine (Strattera®, Lilly)]. Clonidine and
guanfacine were developed for use in higher doses as a treatment of hypertension and migraine, while
atomoxetine was developed as a treatment for ADHD. Clonidine and guanfacine may also be used as a
second-line treatment in ADHD.

The most common adverse effects of clonidine and guanfacine are sedation, bradycardia and postural
hypotension. Atomoxetine may produce tachycardia, hypertension, nausea, reduced appetite and fatigue.
More rarely, atomoxetine has also been associated with increased suicidal ideation, QTc prolongation and
hepatic disturbance.
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Clonidine (non-proprietary; Dixarit® and Catapres®, Boehringer Ingelheim) is an alpha-2-adrenergic agonist
that inhibits noradrenergic activity and is licensed in the UK for the treatment of essential and
secondary hypertension.

Guanfacine (Intuniv®, Shire) is a selective alpha-2-adrenergic agonist with a similar mode of action and
clinical effects to clonidine. As with clonidine, guanfacine was developed originally for the treatment of
hypertension, but is now also used in the USA for the treatment of ADHD (US FDA approval) and tics.
Unlike clonidine, guanfacine does not have marketing authorisation for any treatment indication in the UK
and most European countries.

Atomoxetine is a highly selective, non-stimulant, noradrenergic reuptake inhibitor, which selectively inhibits
the presynaptic noradrenaline transporter. It is licensed in the UK for the treatment of ADHD.

Included studies
Nine studies in children and two mixed studies compared the efficacy of a noradrenergic agent with
placebo (PRISMA diagram, Appendix 2):

clonidine versus placebo: three child"*'"> and one mixed''® study
clonidine patch versus placebo: two child"”'"® and one mixed'"® study
guanfacine versus placebo: two child studies'?®?'

atomoxetine versus placebo: one child study'® (subgroup analysis'?).

Study characteristics

Study characteristics are shown in Appendix 3, Table 9. One parallel trial in 136 children compared
maximum dose of 0.6 mg/day clonidine, 60 mg/day methylphenidate and a combination of clonidine and
methylphenidate with placebo for 16 weeks." For one mixed crossover trial, data for a subset of

24 children were obtained from authors.”* This study compared the use of 0.0075-0.015 mg/kg/day
clonidine with placebo for 12 weeks each. One crossover trial in 37 children compared maximum dose of
0.2 mg/day clonidine (and maximum dose of 100 mg/day desipramine) with placebo for 6 weeks each.’™
One parallel trial in a mixed population of 47 adults and children compared maximum dose of 0.5 mg/day
clonidine with placebo for 12 weeks."®

Two child"”""® studies and one mixed''® study compared the use of clonidine patches with placebo
patches. Both child studies were parallels trial of children given 1-2 mg/day clonidine patches (depending
on body weight) over 4 weeks and one was in 437 children'’ and the other in 76 children.”"® The mixed
study was a crossover trial of 10 adults/children using maximum dose of 0.4 mg/day clonidine patches
for 2 months.

Two parallel trials in children compared treatment with guanfacine and placebo. One compared the use of
maximum dose of 4 mg/day guanfacine with placebo for 8 weeks in 34 children.'?® The other compared
maximum dose of 2 mg/day guanfacine with placebo for 4 weeks in 24 children.'’

One parallel trial compared maximum dose of 1.5 mg/kg/day atomoxetine with placebo for 18 weeks in
148 children with ADHD and comorbid tic disorder.’ In a subsequent publication,’?® the subgroup of
117 children with TS (CTD patients excluded) were analysed.

Risk of bias

In one child study of clonidine compared with placebo,’* randomisation was computer generated and
there is assurance of allocation concealment and blinding of participants, providers and outcome assessors.
Dropout was relatively low (14%) and analysis was by intention to treat. Overall, this study was considered
to be a low risk of bias.
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In another child study of clonidine compared with placebo [mixed study but individual patient data (IPD)
for children obtained],™ the method of randomisation and the presence of allocation concealment was
unclear but there appears to have been blinding of participants and providers and outcome assessors.
The presence of dropout from the study was unclear. The study was a crossover with 1-week washouts
between treatments and this may have introduced bias from cross-treatment contamination. Overall, this
study was considered to be at unclear risk of bias owing to possible cross-treatment contamination.

In another child study of clonidine compared with placebo,’ the method of randomisation and the presence
of allocation concealment were unclear but there appears to have been blinding of participants, providers and
outcome assessors. The study was a crossover with 1-week washouts between treatments and this may have
introduced bias from cross-treatment contamination. The rate of dropout appears to have been low. Data
were only reported for outcomes where findings were statistically significant and these outcomes were
considered to be at risk from selective outcome reporting bias. Overall, this study was considered to be at
high risk of bias owing to possible cross-treatment contamination and selective outcome reporting bias.

In a mixed study of clonidine compared with placebo,'® the method of randomisation and the presence of
allocation concealment was unclear but there appears to have been blinding of participants, providers and
outcome assessors. Attrition was higher in the placebo compared with the intervention group (17% vs.
4%). This may have led to more conservative estimates of efficacy but the risk of attrition bias was not
considered to be high. Overall, this study was considered to be at low risk of bias.

For one child study of clonidine patch compared with placebo,'’” randomisation was by layering
segmenting randomisation of 800 random numbers but the presence of allocation concealment was
unclear. There appears to have been blinding of participants and providers but blinding of outcome
assessors was unclear. The rate of dropout was relatively low (13%) and the analysis was by intention to
treat with last observation carried forward. The risk of selective outcome reporting bias was unclear (CGl
score measured but results not reported). Overall, this study was considered to be at unclear risk of bias
owing to unclear outcome assessment blinding.

For the other child study of clonidine patch compared with placebo,'® randomisation was by random number
table and stratified by weight. The presence of allocation concealment and blinding of participants, providers
and outcome assessors was unclear. Only participants completing the study were reported by the paper
(stated in the exclusion criteria that participants unwilling/unable to take medication or be followed up were
excluded) and the risk of attrition bias is unclear. Overall, this study was considered at high risk of bias owing
to unclear blinding of participants, providers and outcome assessors and unclear risk of attrition bias.

In the mixed study of clonidine patch compared with placebo, the presence of randomisation, allocation
concealment and patient, provider and outcome assessor blinding is unclear. Analysis was of available
cases but the rate of dropout was low. There was a 2-week washout period between treatments and this
may have introduced bias from cross-treatment contamination. Overall, this study was considered to be

at high risk of bias owing to possible cross-treatment contamination and unclear randomisation and
blinding of participants, providers and outcome assessors.

For one child study of guanfacine compared with placebo,’?® the method of randomisation and the
presence of allocation concealment was unclear but participants, providers and outcome assessors were
blinded to treatment allocation. The rate of dropout from the study was unclear. Overall, this study was
considered to be at low risk of bias.

For the other child study of guanfacine compared with placebo,'?' the method of randomisation and the
presence of allocation concealment was unclear but there appears to have been blinding of participants,
providers and outcome assessors. The presence of dropout from the study was not reported. Overall,
this study was considered to be at low risk of bias.
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For the child study of atomoxetine compared with placebo,’® a computerised interactive voice response
system was used for randomisation. All clinical trial materials were blinded when provided to the
investigative site but there was no specific statement about blinding of outcome assessors. There was a
high rate of dropout (30%) but an intention-to-treat analysis was used with last observation carried
forward. Overall, this study was considered to have a low risk of bias.

Clinical evidence for noradrenergic agents

Clonidine compared with placebo

Two studies in children'*'"> and two mixed studies'*"'® in adults and children compared the efficacy of
clonidine with placebo. For one of the mixed studies,”™* IPD for children and adolescents in the study

(24 children and adolescents from a total of 30 participants) were obtained. The other mixed study'® had
participants with a mean age of 15.6 years (SD 10.4 years, range 7-48 years); it was assumed that the majority
of participants were children and study data are combined with the other child studies in the meta-analysis.

The majority of studies reported motor and vocal tic scores separately (and not total tic scores). Three
studies presented findings for motor tics and used the Tourette’s Syndrome Global Scale (TSGS) motor tic
score,"® the YGTSS motor tic score'™ and an assessment of motor tic severity (body areas and motor tic
frequency also assessed).”™* Motor tic score favoured clonidine compared with placebo (SMD -0.55, 95% Cl
—0.90 to —0.20; n=130) (Figure 67). There was little heterogeneity between studies (2= 14%; p=0.31).

For vocal tics, studies made assessments using the TSGS vocal tic scale,'® the YGTSS vocal tic scale' and
an assessment of vocal tic severity (vocal tic frequency also assessed)'* and favoured clonidine but there
was no conclusive difference compared with placebo (SMD —0.30, 95% CI —-0.62 to 0.01; n=130)
(Figure 68). There was no heterogeneity between studies (2 =0%).

In the other study,'" it is reported that there was no significant effect on tic suppression for the Shapiro
TSSS, the Hopkins tic scale or a visual analogue scale.

Tic-related impairment was measured in two studies. In one, it was assessed as part of the
TSGS with a measure of school and occupational function'® and, in the other, with the YGTSS impairment
scale.” Impairment score favoured clonidine compared with placebo (SMD -0.54, 95% CI -0.93 to -0.16;
n=106) (Figure 69) and there was no heterogeneity between studies (? =0%).

Both of these studies also measured changes in global TS scales (impairment and tic scores) and used the
TSGS total score''® and the YGTSS global score.' Global TS favoured clonidine compared with placebo
(SMD -0.71, 95% CI -1.10 to —0.31; n=106) (Figure 70) and there was no heterogeneity between
studies (P =0%).

No relevant studies reported this outcome.

Two studies assessed overall clinical outcome and used the CGl scale. In one
study,"™ CGI outcome was graded by parents, teachers and investigators. A higher proportion of
participants improved on the CGl for clonidine than placebo when rated by parents (RR 2.51, 95% Cl 1.38
to 4.55; n=66), teachers (RR 1.88, 95% Cl 1.10 to 3.23; n=66) and investigators (RR 2.41, 95% Cl 1.32
to 4.39; n=66) (Figure 71).

In the other study,'® reduction in CGI-TS severity score was greater for clonidine than placebo (SMD -1.04,
95% Cl-1.71 to —-0.38; n=40) (Figure 72).

No relevant studies reported long-term outcomes.
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INTERVENTIONS FOR TICS IN CHILDREN AND ADOLESCENTS

Safety In one study,' it is reported that common adverse effects of clonidine were sedation (57 %), dry
mouth (37%) and restlessness (27%) and that these effects were not experienced to the same degree in
the placebo group. In another study,'™ a significantly higher proportion of children experienced adverse

effects with clonidine than placebo (RR 1.87, 95% Cl 1.24 to 2.81; n=34) (Figure 73).

In another study,'"® more participants in the clonidine compared with the placebo group experienced
sedation/fatigue (RR 2.46, 95% Cl 1.34 to 4.50; n=40) but results were inconclusive for rates of dry
mouth (RR 2.17, 95% Cl 0.94 to 5.02; n =40), faintness and/or dizziness (RR 2.04, 95% Cl 0.75 to 5.54;
n=40) and irritability (RR 6.33, 95% Cl 0.86 to 46.86; n = 40) (Figure 74).

Rates of sedation were also reported by another study,'® in which a greater proportion of participants
experienced moderate or severe sedation for clonidine compared with placebo (RR 5.65, 95% Cl 1.37 to
23.29; n=40) (Fiqure 75).

Moderators of clinical effectiveness In one study,'"® investigators conducted subgroup analysis and
found no difference in treatment effectiveness for participants with and without ADHD and OCD, or those
aged < 18 years or > 18 years and it is reported that an analysis of variance showed no effect of baseline
tic severity on treatment effect.

Guanfacine compared with placebo
Two parallel trials in children compared the efficacy of guanfacine with placebo.'2%'!

Tics
Both studies used the YGTSS to assess changes in tics. Overall, reduction in YGTSS total tic score was
greater for guanfacine compared with placebo (SMD -0.73, 95% Cl —1.26 to —0.20; n =58) (Figure 76).

One of the studies presented findings for motor and vocal tics separately.’' There was no conclusive
difference in change from baseline tic scores for guanfacine compared with placebo for motor (SMD —0.64,
95% Cl-1.46 10 0.18; n=24) or vocal (SMD -0.70, 95% Cl -1.53 to 0.12; n = 24) tics (Figures 77 and 78).

Impairment One of the studies'' assessed changes in TS-related impairment with the YGTSS impairment
scale. There was no conclusive difference in change from baseline impairment score for guanfacine
compared with placebo (SMD 0.27, 95% Cl —-0.53 to 1.08; n=24) (Figure 79) or for overall YGTSS global
score (SMD -0.29, 95% Cl -1.10 to 0.51; n=24) (Figure 80).

Psychological well-being No relevant studies reported this outcome.

Overall clinical outcome Overall clinical change was assessed by one study,’? but this was an assessment
of changes in symptoms of ADHD (and not TS-related symptoms) and is, therefore, outside of the scope for
this review.

Long-term outcome No relevant studies reported long-term outcomes.

Safety In one study' it is reported that adverse effects for guanfacine were headache, flu-like symptoms
and fatigue (n=1), fatigue/sleepiness (n = 1) and bad dreams (n = 1) (rates for placebo not reported).

In the other study,'® it is reported that no serious adverse effects were observed and no participant
showed a clinically meaningful change in cardiac conduction. The adverse effects reported included mild
sedation (n = 6), sleep awakening (n = 3), dry mouth (n =4), constipation (n = 2) and loss of appetite
(n=2), but rates of these events were not significantly more frequent than in the placebo group. It is
reported that there were no significant changes in weight from baseline in either group and no difference
between groups in weight change. It is reported that there were no significant differences in changes

in BP and pulse for guanfacine compared with placebo.
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Clonidine patch compared with placebo

Two studies in children”""® and one mixed study'® compared the efficacy of clonidine patches with
placebo patches. In one of the child studies,'® results were reported as percentage decreases and these
data could therefore not be combined with the other studies in the meta-analysis.

119

Tics

Tics were assessed in the child study'"” using the YGTSS and, in the mixed study," using the TSGS
(Figure 81). In the child study, change from baseline tic score was similar for clonidine patch compared
with placebo (SMD -0.10, 95% -0.32 to 0.12; n=437) and, in the mixed study, there was no conclusive
difference in post-treatment tic score for clonidine patch compared with placebo (SMD -0.36, 95% Cl
-0.97 10 0.24; n=9).

In the mixed study, motor and vocal tic elements were assessed separately using the Tourette Syndrome
Symptom List (TSSL). Post-treatment score was lower for clonidine patch than placebo for complex motor
score (SMD -1.17, 95% Cl -1.93 to -0.41; n=9), but there was no conclusive difference for simple motor
(SMD -0.52, 95% CI -1.14 t0 0.11; n=9), simple phonic (SMD -0.62, 95% Cl -1.25 t0 0.02; n=9),
complex phonic (SMD —0.54, 95% Cl -1.17 to 0.08; n=9) and behavioural scores (SMD -0.28, 95% Cl
-0.88 t0 0.31; n=9) (Figure 82).

In the other child study,'® motor and vocal tics were assessed with the YGTSS scale. There were greater
reductions for clonidine patch than placebo for motor [47.0% (SD 3.7%) vs. 12.1% (SD 11.4%)] and vocal
[22.7% (SD 4.4%) vs. 2.8% (SD 6.3%)] tic score.

Impairment In one child study,”® impairment was assessed with the YGTSS impairment scale. There was
a greater reduction in impairment score for clonidine patch than placebo [53.8% (SD 2.2%) vs. 12.0%
(SD 5.9%)].

Psychological well-being No relevant studies reported this outcome.

Overall clinical outcome In the second child study,*® overall clinical change was assessed with the
CGl-Severity scale. There was a greater reduction in CGl-Severity score for clonidine patch than placebo
[40.2% (SD 2.4) vs. 17.0% (SD 4.1)].

Long-term outcome Patient reports for long-term follow-up for the clonidine group are given by the
mixed study. It is reported that, after an average of 13 months, six participants (three children and
three adults) said that clonidine continued to be effective in controlling their tics.

Safety In one study of children,”” it is reported that adverse effects occurred in eight children in the
clonidine patch group (rashes n =3, abnormal ECG n=2, somnolence n=1, light headedness n=1,
insomnia n=1) and eight children in the placebo patch group (rashes n=6, nausea n= 1, dry mouth,
somnolence, light headedness and dizziness n=1). In the mixed study, it is reported that adverse effects
experienced were heartburn (clonidine n=1, placebo n =4), dose-dependent drowsiness (clonidine n=7),
dry mouth (clonidine n=5, placebo n=3) and erythema/dry skin (clonidine n=4, placebo n=2). In the
other child study,'"® the results for clonidine patch compared with placebo patch were inconclusive for
itchy skin (RR 0.78, 95% Cl 0.16 to 3.66; n=76), dry mouth (RR 1.55, 95% CI 0.19 to 12.43; n=76) and
dizziness (RR 1.24, 95% CI 0.15 to 10.41; n=76) (Figure 83).

Atomoxetine compared with placebo

One parallel trial in children with TS and CTD compared the use of atomoxetine with placebo.’?? This study
has since be published as a subgroup analysis of only children with TS (excluding those with CTD).'#
Results are presented below for the whole sample and the TS subsample.
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Tics

Tic severity was measured using the YGTSS total tic scale (Figure 84). For children with TS or CTD, there
was no conclusive reduction in YGTSS total tic score (SMD -0.32, 95% Cl -0.65 to 0.01; n = 145) but for
the subgroup of children with TS, YGTSS total tic score was reduced (SMD —0.40, 95% CI -0.77 to —0.03;
n=116) for atomoxetine compared with placebo.

For the whole study sample, a greater proportion of children taking atomoxetine than placebo experienced
a > 25% reduction in YGTSS total tic score (RR 0.76, 95% Cl 0.57 to 1.00; n=145) (Figure 85) (RR is the
RR of not having a 25% or more reduction).

When motor and vocal tic scores were considered separately (Figures 86 and 87) for the whole TS/CTD
population there was no conclusive difference for atomoxetine compared with placebo for motor tic score
(SMD -0.30, 95% CI -0.62 to 0.03; n=145) and vocal tic score (SMD -0.22, 95% Cl -0.54 t0 0.11;
n=145). For the subgroup with TS, the reduction was greater for atomoxetine compared with placebo for
motor tic score (SMD -0.41, 95% Cl -0.78 to —0.04; n=116) but, for vocal tic score there was no
conclusive difference (SMD -0.25, 95% Cl| -0.62 t0 0.12; n=116).

Impairment No findings for TS-related impairment were reported by these studies.
Psychological well-being No relevant studies reported this outcome.

Overall clinical outcome Overall clinical outcome was measured using the Clinical Global Impressions —
severity of tics and other neurological symptoms (CGI-Tic/Neuro-S) scale, assessing TS and neurological
symptoms. The CGI-Tic/Neuro-S score suggested a benefit for atomoxetine compared with placebo

for children with TS or CTD (SMD -0.54, 95% C| -0.87 to —-0.21; n= 145) and with TS alone (SMD -0.63,
95% Cl—1.00 to -0.25; n=116) (Figure 88).

Long-term outcome No relevant studies reported long-term outcomes.

Safety The number of children experiencing different adverse effects for atomoxetine compared with
placebo is reported for the whole trial population.' A greater number of children experienced decreased
appetite (RR 5.68, 95% Cl 1.32 to 24.52; n=148) and nausea (RR 11.37, 95% Cl 1.52 to 85.22; n=148),
but there were no conclusive differences in rates of vomiting (RR 1.89, 95% CI 0.75 to 4.78; n = 148), fatigue
(RR 2.84, 95% (1 0.80 to 10.08; n=148), cough (RR 0.42, 95% Cl 0.14 to 1.31; n= 148), pharyngitis

(RR 0.32,95% C1 0.09 to 1.12; n=148), diarrhoea (RR 0.36, 95% Cl 0.10 to 1.29; n = 148), headaches

(RR 1.08, 95% C1 0.57 to 2.05; n = 148) or upper abdominal pain (RR 0.74, 95% CI 0.29 to 1.87;

n=148) (Figure 89).

Meta-analysis of noradrenergic agents

Studies in children (or predominantly children) comparing treatment with noradrenergic drugs (clonidine
and guanfacine) compared with placebo were combined. The child study of transdermal clonidine was not
included as the method of drug administration was different and likely to introduce clinical heterogeneity
into the meta-analysis. The studies of atomoxetine were not included in the meta-analysis as this agent
was considered by the TEG to be substantially different in its mode of action to clonidine and guanfacine.

Tics

Four studies presented data for tic score or global score and, in order to combine information across studies,
these scales have been combined.''*16120.121 St dies used the YGTSS global score,''® the TS global score' or
the YGTSS total tic score.'*'?" Qverall, the standardised tic/global score was —0.72 (95% Cl-1.03 to —0.40;
n=164) (Figure 90), with no evidence of between-drug differences (2 for subgroup differences = 0%).
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INTERVENTIONS FOR TICS IN CHILDREN AND ADOLESCENTS

Impairment Three parallel studies reported changes in TS-related impairment using the YGTSS impairment
score'¥2" and the Shapiro TSSS school and occupational function score.''® The SMD for impairment was
—0.32 (95% C1-0.84 to 0.20; n = 130) (Figure 91), but there was some evidence of a between-subgroup
difference (# for subgroup differences = 69%).

Psychological well-being No relevant studies reported this outcome.

Overall clinical outcome Only one parallel trial of clonidine measured changes in overall clinical outcome
(CGl-Severity) and results are presented in the clonidine compared with placebo (see Clonidine
versus placebo).

Long-term outcome No relevant studies reported long-term outcomes.
Safety See relevant sections for each drug above.
Clinical evidence summary for noradrenergic agents

Clonidine

There was moderate-quality evidence (see Appendix 4, Table 23) from two studies in children'>'®
suggesting that clonidine produced a medium-sized to large-sized effect in terms of tic severity/impairment
and overall clinical outcome, but was associated with increased rates of adverse effects,'” particularly
sedation'® following 12-16 weeks of treatment.

Guanfacine

There was moderate-quality evidence (see Appendix 4, Table 24) from two studies in children (n = 58)'2%'*'
that guanfacine, when compared with placebo, produced a large effect in tics following 4-8 weeks of
treatment and did not appear to be associated with serious adverse effects.

Clonidine patch

In one study in 437 children,” there was moderate-quality evidence (see Appendix 4, Table 25) that
clonidine patch did not improve tics following 4 weeks of treatment. Another study in children,'® in which
results were presented in terms of percentage changes (and, therefore, the two studies could not be
combined), showed improvements in tics, impairment and overall clinical outcome, but this evidence was
graded as very low quality and there is large uncertainty around these findings. Both studies showed
similar rates of adverse effects for clonidine patch compared with a placebo patch.

Atomoxetine

There was moderate-quality evidence (see Appendix 4, Table 38) from one study with 145 children
suggesting that atomoxetine gave a small/moderate improvement in tics and overall clinical outcome, but
gave higher rates of decreased appetite and nausea following 18 weeks of treatment.

122

All noradrenergic agents

Overall, four studies in children'3116120121 (n = 164) provided moderate-quality evidence (see Appendix 4,
Table 26) that noradrenergic agents (clonidine or guanfacine) improved tics by the end of 4-16 weeks
of treatment. The adverse effect profile may differ for different noradrenergic agents.

Conclusion

Noradrenergic agents are effective in the short term in reducing tics and tic-related impairments in children
and young people with TS. The most effective noradrenergic agents in reducing tics appear to be the
alpha-2-noradrengic agonists, clonidine and guanfacine. Adverse effects of these agents are generally mild
(e.g. sedation, dizziness, nausea) and differ between agents with guanfacine (not marketed in the UK)
having the most favourable profile. Atomoxetine is effective in reducing tics in children and young people
with comorbid TS and ADHD. There is no firm evidence that clonidine patches are effective in reducing tics
and may be associated with adverse effects including local skin irritation.
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Pharmacology and prescribing

Central nervous system stimulant drugs are the first-line pharmacological treatment for ADHD. Similar to
the use of atomoxetine, stimulants would only be considered in the treatment of comorbid ADHD and TS.
Their mode of action is as indirect dopamine agonists, increasing dopamine activity in cortical and
subcortical brain regions. While methylphenidate and dexmethylphenidate primarily act as noradrenaline-
dopamine reuptake inhibitors, dexamphetamine also acts by releasing dopamine and noradrenaline

from presynaptic storage vesicles, making dexamphetamine a more potent dopaminergic agonist

than methylphenidate.

Methylphenidate (Ritalin®, Novartis Pharmaceuticals UK; and the modified-release preparations Concerta®
XL, Janssen; EquasymXL®, Shire Pharmaceuticals Limited and; MedikinetXL®, Flynn) is licensed in the UK
for ADHD.

Dexmethylphenidate (non-proprietary; Focalin®, Novartis; Attenade®, Celgene) is a noradrenaline-dopamine
reuptake inhibitor and releasing agent, thereby classed as a stimulant. It is not licensed in the UK and is
most commonly used for ADHD in the USA.

Included studies

Four studies in children investigated the use of stimulant medications compared with placebo in children
with ADHD (see Appendix 2).""*1242% Studies were of methylphenidate and dexmethylphenidate (there
were no included studies for dexamphetamine). The aim of these studies was to demonstrate that the use
of stimulant drugs did not worsen tics and could be used to treat comorbid ADHD and TS without
worsening of tics. For one study,'?® the data could not be extracted. The three remaining studies involved
the following comparisons:

methylphenidate compared with placebo: three child studies''®*'241%
clonidine and methylphenidate compared with placebo: one child study'"*
immediate-release dexmethylphenidate compared with placebo: one child study.'?’

Study characteristics

Study characteristics are shown in Appendix 3, Table 9. One parallel''® and two crossover'>*?* trials investigated
treatment with methylphenidate compared with placebo. In the parallel trial, 136 children with ADHD and TS
or with ADHD and CTD were randomised to a maximum dose of 60 mg/day methylphenidate, 0.6 mg/day
clonidine, methylphenidate and clonidine, or placebo for 16 (methylphenidate) or 12 (other interventions)
weeks. In one crossover trial,'* 71 children with ADHD and TS or CTD (from two cohorts) underwent treatment
with various doses of methylphenidate; 0.1 mg/kg/day, 0.3 mg/kg/day and 0.5 mg/kg/day (0.5 mg/kg/day data
were used in the analysis in this review to match the dose used in the other methylphenidate study) and
placebo in a randomised order for 2 weeks each. The other crossover trial was in 11 children'* and used the
same study design (0.1, 0.3 and 0.5 mg/kg/day for 2 weeks in randomised order) (0.5 mg/kg/day data were
used for this review).

One crossover study investigated treatment with immediate-release dexmethylphenidate compared with
placebo in children with TS or CTD."?” Experiments were conducted over 1-day periods with subjects
having a mean dose of 7.5 mg dexmethylphenidate on one day and no medication on the other day in a
randomised order.

Risk of bias

In the parallel trial of methylphenidate,''® randomisation was computer generated and stratified on centre
and sexual maturity status. There was assurance of allocation concealment and of blinding of participants,
providers and outcome assessors. Dropout was relatively low and analysis was by intention to treat and the
risk of attrition bias was considered to be low. Overall, this study was considered to be at low risk of bias.

NIHR Journals Library



VOL. 20 NO. 4

For one crossover trial of methylphenidate,’® the method of randomisation and presence of allocation
concealment was unclear. There appears to have been blinding of participants, providers and outcome
assessors. There was no washout between interventions and the study was considered to be at high risk of
cross-intervention contamination. It was unclear how many participants dropped out of the study and how
many were included in the analysis and the risk of attrition bias was unclear. Overall, this study was
considered to be at high risk of bias.

For the other crossover trial of methylphenidate,'®* the method of randomisation and presence of
allocation concealment was unclear. There appears to have been blinding of participants, providers and
outcome assessors. There was no washout between interventions and the study was considered to be at
high risk of cross-intervention contamination. It was unclear how many participants dropped out of the
study and how many were included in the analysis and the risk of attrition bias was unclear. Overall, this
study was considered to be at high risk of bias.

In the crossover trial of immediate-release dexmethylphenidate,’” the method for randomisation and
presence of allocation concealment and patient, provider and outcome assessor blinding were unclear.
The control group had no treatment and this was not considered to be an adequate control. There was
no washout period between the intervention and control days and the risk of cross-intervention
contamination was considered to be high. Overall, the risk of bias in this study was considered to be high
owing to the unsuitable control group, lack of washout between treatments and unclear blinding of
participants, providers and outcome assessors.

Clinical evidence for stimulants
Methylphenidate and dexmethylphenidate

Three studies used the YGTSS scale''*'?>'?” and one used the global tic rating scale’ to assess tics.
Findings were presented separately for motor and vocal tics. For the motor tic scale (Figure 92), reduction
from baseline/post-treatment motor tic score was similar for methylphenidate compared with placebo
(SMD —-0.03, 95% CI -0.20 to 0.15; n=151) and there was no heterogeneity between studies (2 =0%).
For immediate-release dexmethylphenidate,'?” post-treatment motor tic score was lower than the no
treatment control (SMD —0.60, 95% CI —1.13 to —0.07; n=10). For stimulant drugs combined, the SMD
was -0.17 (95% Cl -0.46 t0 0.11; n=161). A large proportion of the difference between drugs was not
explained by random variation (/? for subgroup differences =76%).

For the vocal tic scale (Figure 93) there was no conclusive difference in reduction from baseline/post-
treatment vocal tic score for methylphenidate compared with placebo (SMD -0.28, 95% Cl -0.73 t0 0.16;
n=151). There was heterogeneity between studies (?=71%). For immediate-release dexmethylphenidate,
post-treatment vocal tic score was lower for dexmethylphenidate than no treatment (SMD -0.62, 95% Cl
—-1.15 t0 =0.09; n=10). For stimulant drugs considered as a whole, there was no conclusive difference in
vocal tic score for stimulants compared with control (SMD —0.36, 95% Cl -0.76 to 0.03; n=150). All of
the difference between drugs could be explained by random variation (/2 for subgroup differences =0%).

For the study where methylphenidate and clonidine were compared with placebo,'® there were greater
reductions from baseline in motor (SMD -0.55, 95% Cl —1.05 to -0.06; n=65) and vocal (SMD -0.59,
95% Cl-1.09 to -0.10; n=65) tic scores for methylphenidate plus clonidine than placebo.

Three of the stimulant studies reported measures of impairment with the YGTSS impairment
scale'*'?5'27 (Figure 94). For methylphenidate, there was no conclusive difference in reduction from
baseline impairment score for methylphenidate compared with placebo (SMD —0.29, 95% Cl -0.89 to 0.30;
n=140). There was heterogeneity between methylphenidate studies (? = 81%). For immediate-release
dexmethylphenidate, there was no conclusive difference in impairment score compared with no treatment
(SMD -0.41, 95% CI -1.30 to 0.47; n=10). For stimulant drugs considered as a whole, the SMD was
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—-0.30 (95% CI -0.76 to 0.15; n=150) and there was no detectable difference between drugs (# for
subgroup differences = 0%,).

For the overall YGTSS global score (Figure 95), there was no conclusive difference in global score for
methylphenidate compared with placebo (SMD -0.32, 95% Cl -0.85 to 0.22; n = 140). There was
heterogeneity between methylphenidate studies (2 =77%). For immediate-release dexmethylphenidate,
there was no conclusive difference in global score for dexmethylphenidate compared with placebo
(SMD -0.66, 95% Cl -1.27 to 0.04; n=10). When considered as a whole, the global score was

SMD -0.40 (95% Cl -0.84 to 0.04; n=150) and all of the difference between drugs could be explained
by random variation (” for subgroup differences = 0%).

For the study in which methylphenidate and clonidine were compared with placebo,'” there were greater
reductions from baseline in YGTSS impairment (SMD -0.66, 95% Cl -1.16 to -0.16; n=65) and global
(SMD -0.77, 95% CI -1.27 to —0.26; n=65) scores for methylphenidate plus clonidine than for placebo.

Psychological well-being In one study of methylphenidate,'* assessment was made with the Stimulant
Side Effects Checklist (SSEC) (Figure 96). For the SSEC mood index component, post-treatment
teacher-rated score was lower for methylphenidate than for placebo (SMD -0.27, 95% Cl -0.48 to
-0.05; n=71). For the parent-rated SSEC mood component, post-treatment score was similar for
methylphenidate and placebo (SMD -0.10, 95% Cl -0.31 t0 0.10; n=71).

Overall clinical outcome One study of methylphenidate measured overall clinical outcome using the
CGl-l scale.”® This assessment considered improvements in ADHD and tic symptoms separately.

For CGl improvement in tics, a greater proportion of children were much or very much improved for
methylphenidate compared with placebo when rated by parents (RR 0.64, 95% Cl 0.42 to 0.96; n=69)
and teachers (RR 0.54, 95% Cl 0.32 to 0.89; n=69), but the difference was inconclusive when rated by
investigators (RR 0.79, 95% Cl 0.55 to 1.13; n=69) (Figure 97) (the RR presented here is the RR of

not being much or very much improved).

For the study in which methylphenidate and clonidine were compared with placebo,'® a greater
proportion of children were rated as much or very much improved by parents (RR 0.38, 95% Cl 0.21 to
0.69; n=65), teachers (RR 0.45, 95% Cl 0.26 to 0.79; n=65) and investigators (RR 0.45, 95% Cl 0.27
to 0.75; n =65) for methylphenidate plus clonidine than for placebo (the RR presented here is the RR of
not being much or very much improved).

Long-term outcome No relevant studies reported long-term outcomes.

Safety The study of methylphenidate and clonidine reported that medications were well tolerated and
that the methylphenidate alone group had lower rates of reported adverse effects than the clonidine,
methylphenidate plus clonidine and placebo groups. Rates of moderate to severe sedation were similar for
methylphenidate and placebo (RR 1.30, 95% Cl 0.23 to 7.28; n=69) (Figure 98).

There was also no conclusive difference when methylphenidate plus clonidine was compared with placebo
(RR 3.03, 95% Cl 0.68 to 13.55; n=65). It was reported that, for all of the interventions, there was no
overall evidence of cardiac toxicity by ECG monitoring.™

In another study of methylphenidate,’?* the SSEC was used to monitor adverse effects. In the somatic
index of the SSEC (includes sleep and appetite problems, headache, upset stomach, dizziness), there was
no difference in teacher-rated score for methylphenidate compared with placebo (SMD 0.09, 95% Cl
-0.12 t0 0.30; n=71) but, for parent-rated score, somatic index was higher for methylphenidate than for
placebo (SMD 0.49, 95% CI 0.27 to 0.71; n=71) (Figure 99).
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The study also reports that there were significant dose effects (doses of 0.1, 0.3 and 0.5 mg/kg were
given) for heart rate, diastolic BP and weight loss. Findings for the 0.5 mg/kg dosage are compared here
(Figure 100). Post-treatment measures were higher for methylphenidate compared with placebo for
diastolic BP (MD 4.50, 95% Cl 1.19 to 7.81; n=71) and heart rate (MD 5.60, 95% Cl 1.18 to 10.02;
n=71). There was no conclusive difference in post-treatment systolic BP (MD 5.30, 95% Cl -0.16 to
10.76; n=71) or weight gain for methylphenidate compared with placebo (MD —1.50, 95% CI -12.01 to
9.01; n=71).

For the study of immediate-release dexmethylphenidate,’®’ it is reported that participants tolerated the
procedures well and that 7 out of 10 experienced at least one minor adverse effect during the study (no
distinction made as to whether or not events occurred during the intervention or control days). The most
common adverse effects considered to possibly be related to immediate-release dexmethylphenidate were
drowsiness or sedation (20%) and stomach discomfort (20%).

Moderators of effectiveness In the study of immediate-release methylphenidate,’® participants were
separated into two groups on the basis of their baseline YGTSS impairment score. The study reports that
there were similar effects of the drug on tic and ADHD symptoms for groups with low or high baseline
YGTSS impairment score.

Clinical evidence summary for stimulant drugs

Methylphenidate and dexmethylphenidate

Four studies (n = 161) provided very low-quality evidence (see Appendix 4, Tables 33-35) that the
stimulant drugs methylphenidate''*'?*125 and dexmethylphenidate'” do not increase motor or vocal tics,
impairment or global tics/impairment following 0-16 weeks of treatment. One study of methylphenidate
reported increased rates of diastolic BP, systolic BP and heart rate that were dose dependent,'?® but other
studies did not report adverse effects.

Conclusion

The available evidence suggests that stimulant drugs (methylphenidate and dexmethylphenidate) do not
significantly increase or exacerbate tics when used in the short term to treat comorbid ADHD and TS.
However, there are differences between stimulants in their effect on tics, with dexmethylphenidate

(a stimulant not marketed in the UK) effective in reducing tics. Overall, the combination of methylphenidate
and clonidine is well tolerated, with mild adverse effects (e.g. sedation) and no evidence of cardiac risk.

Anticonvulsant drugs

Pharmacology and prescribing
Levetiracetam (Keppra®, UCB Pharma) is licensed in the UK for monotherapy and adjunctive treatments of
focal seizures, adjunctive therapy of myoclonic seizures and primary generalised tonic—clonic seizures.

Topiramate (Topamax®, Janssen) is a broad-spectrum antiepileptic drug licensed in the UK for monotherapy
in adults, adolescents and children over 6 years of age with partial seizures with or without secondary
generalised seizures, and primary generalised tonic—clonic seizures. It is also licenced for use in adults for
the prophylaxis of migraine headache and is sometimes used in the management of headache, mood and
behavioural disorders, pain and tremors.'?® Topiramate has been associated with significant adverse effects
including myopia and close angle glaucoma, fatigue, weight loss and psychosis.

Included studies
Two child studies investigated the efficacy of treatment with levetiracetam and one mixed study
investigated the efficacy of treatment with topiramate.'%
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Study characteristics

Study characteristics are shown in Appendix 3, Table 9. In one child crossover study,'?® children received a
maximum 30 mg/kg/day levetiracetam and placebo in a randomised order for 4 weeks each. In another
child crossover study, ' children also received levetiracetam and placebo in a randomised order but only
pooled intervention/control results appear to be presented and no efficacy data could be obtained.

One parallel mixed study investigated the use of topiramate compared with placebo.™" In this studly,

29 adults and children were randomised to maximum dose of 200 mg/day topiramate or placebo for

6 weeks. Because the mean age of this population was low (16.5 years, SD 9.9), it was assumed that the
majority of the participants would be < 18 years and this study was combined with the child studies in
the meta-analysis.

Risk of bias

For the study of levetiracetam with available data,'?® quality assessment was conducted. Computer-generated
randomisation codes were used but the presence of allocation concealment was unclear. There was assurance
of blinding of participants, providers and outcome assessors. The risk of attrition bias was judged to be low
because although analysis was of available cases, the rate of dropout was low. The study was a crossover trial
with a 5-10 day period in which drugs were tapered between interventions and an additional 5-day washout
period and the risk of bias from cross-intervention contamination was unclear. The overall risk of bias was
considered to be unclear owing to the possibility of cross-intervention contamination.

For the study of topiramate,’’ a computer-generated randomisation code was used but the presence of
allocation concealment was unclear. There was assurance of blinding of participants, providers and
outcome assessors. The risk of attrition bias was judged to be low because analysis was by intention to
treat for subjects with post-baseline measurements. The overall risk of bias for the study was considered
to be low.

Clinical evidence for anticonvulsant drugs
Levetiracetam and topiramate

Tics In both studies, tics were assessed using the YGTSS total tic scale (Figure 7107). In the child study of
levetiracetam,'® change in total tic score was inconclusive for levetiracetam compared with placebo
(SMD -0.23, 95% Cl -0.85 to 0.39; n=20). In the mixed study of topiramate,’' there was a greater
reduction from baseline in total tic score for topiramate than for placebo (SMD —0.88, 95% Cl -1.68

t0 -0.08; n=27).

For the study of topiramate, YGTSS motor and vocal tic scale components were presented separately.
Change from baseline suggested a benefit for topiramate compared with placebo for motor tic score
(SMD -0.86, 95% ClI —1.65 to —=0.06; n=27) (Figure 102), but was not conclusively different for vocal tic
score (SMD -0.64, 95% Cl -1.41 to 0.14; n=27) (Figure 103).

Impairment In both studies, the YGTSS global tic score was assessed (total tic score and impairment
score) (Figure 104). Post-treatment global score was inconclusive for children treated with levetiracetam
compared with placebo (SMD 0.09, 95% Cl —-0.53 to 0.70; n=20), but change from baseline in YGTSS
global score suggested a benefit for topiramate compared with placebo (SMD -1.19, 95% ClI -2.02

t0 -0.36; n=27).
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INTERVENTIONS FOR TICS IN CHILDREN AND ADOLESCENTS

Psychological well-being

Anxiety The study of levetiracetam assessed child anxiety using the Multidimensional Anxiety Scale for
Children (MASC). Post-treatment anxiety score was inconclusive for children treated with levetiracetam
compared with placebo (SMD —0.04, 95% Cl -0.66 to 0.58; n = 20) (Figure 105).

Psychological well-being

Depression The study of levetiracetam assessed child depression using the Child Depression Inventory
(CDI) score. Post-treatment depression score was inconclusive for children treated with levetiracetam
compared with placebo (SMD 0.20, 95% Cl -0.43 to 0.82; n=20) (Figure 106).

Overall clinical outcome The study of levetiracetam assessed overall clinical outcome using the CGlI
scale. Post-treatment CGI-Severity score was inconclusive for children treated with levetiracetam compared
with placebo (SMD 0.14, 95% Cl -0.49 to 0.76; n=20) (Figure 107).

Long-term outcome No relevant studies reported long-term outcomes.

Safety In the study of levetiracetam, adverse effects reported during the levetiracetam phase were
irritability that resolved with time, hyperkinesias during the initial dose escalation that resolved by the end
of the second week, insomnia, sadness, tiredness, verbal aggression, reduced school participation,
anxiousness and headache. During the placebo phase, there were complaints of headache, irritability,
aggression, low frustration tolerance, insomnia, tiredness, sadness, worry, hyperkinesias, anxiousness and
dry mouth (numbers not reported).

In the study of topiramate, the results were inconclusive for the proportion of participants experiencing at
least one adverse effect for topiramate compared with placebo (RR 0.79, 95% Cl 0.56 to 1.11; n=29)
(Figure 108). When considered separately, the results were inconclusive for the proportions of participants
experiencing any adverse effect for topiramate compared with placebo (Figure 109). The mean change in
weight from baseline was —2.1 kg in the topiramate compared with +1.9kg in the placebo group
(precision not reported).

Clinical evidence summary for anticonvulsant drugs

Levetiracetam

There was low-quality evidence (see Appendix 4, Table 31) from one study in 20 children'® that was
inconclusive as to whether or not levetiracetam improved tics, global ticZimpairment, symptoms of
anxiety or depression, or overall clinical outcome following 4 weeks of treatment, but adverse effects
were unclear.

Topiramate

One study with 27 children and adults™' provided low-quality evidence (see Appendix 4, Table 32)
suggesting that topiramate produced a large effect in terms of improving tics and global tic/impairment
following 6 weeks of treatment. There was no evidence of adverse effects.

Conclusion

There is no clear evidence that levetiracetam is an effective treatment for tics. Topiramate may be effective
in the short-term treatment of tics in children and young people with TS. However, the evidence is drawn
from a single small, mixed study and should be treated with caution. In addition, topiramate in wider use
has been associated with significant adverse effects including myopia and close angle glaucoma, fatigue,
weight loss and paraesthesia.
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INTERVENTIONS FOR TICS IN CHILDREN AND ADOLESCENTS

Monoamine oxidase B inhibitors

Pharmacology and prescribing

Monoamine oxidase B inhibitors act by inhibiting the action of monoamine oxidase in the metabolic
pathway of dopamine. This causes dopamine metabolism to decrease and the levels of dopamine in the
brain to increase. Use of these drugs is restricted because of serious dietary interactions that may cause
hypertensive crises and psychiatric withdrawal symptoms including depression and psychosis.

Selegiline (Eldepryl®, Orion), is licensed in the UK for the treatment of Parkinson’s disease, or
symptomatic parkinsonism.

Included studies
One study investigated the efficacy of treatment with selegiline (deprenyl) in children with ADHD and TS."#

Study characteristics

Study characteristics are shown in Appendix 3, Table 9. In a crossover study,’? 24 children were treated
with maximum dose of 5 mg selegiline twice a day and placebo for 8 weeks each in a randomised order.
Data are presented as the MD of the improvement on selegiline compared with placebo (unlike most
crossover studies, change and not post-treatment scores are presented).

Risk of bias

Randomisation was generated by a Fortran computer program (with stratification by centre) but the
presence of allocation concealment and blinding of participants, providers and outcome assessors was
unclear. It was a crossover trial with a 6-week washout period between interventions and this may have
been sufficient to avoid cross-intervention contamination. The rate of dropout was reasonably high (37%).
The number included in the analysis was unclear and the risk of attrition bias was considered to be
unclear. Overall, this study was considered to be at unclear risk of bias owing to unclear participant,
provider and outcome assessor blinding and possible attrition bias.

Clinical evidence for monoamine oxidase B inhibitors

Selegiline

Tics Tics were assessed with the YGTSS tic scale. Results were inconclusive for selegiline compared with
placebo for motor (SMD —0.64, 95% Cl —1.37 to 0.09; n=15) and vocal (SMD -0.30, 95% Cl -1.02 to
0.41; n=15) tics (Figure 110).

Impairment TS-related impairment was assessed with the YGTSS impairment scale and combined tic
severity and impairment with YGTSS global scale. Reduction was greater following treatment with
selegiline than for placebo for impairment score (SMD -0.75, 95% Cl -1.49 to -0.01; n=15) and for
global score (SMD —0.72, 95% Cl —1.45 to 0.02; n=15) (Figure 111).

Psychological well-being No relevant studies reported this outcome.

Overall clinical outcome No relevant studies reported this outcome.

Long-term outcome No relevant studies reported long-term outcomes.

Safety The occurrence of adverse effects is reported over the whole study period and it is not possible to
distinguish events occurring during selegiline and placebo phases from one another. Events included rash
(n=1), nausea (n =4), agitation (n =4), irritability (n = 2), drowsiness (n =5), headache (n=4) and

diarrhoea (n=1) but it is reported that none of the adverse effects occurred more frequently during the
selegiline compared with the placebo phase.
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Clinical evidence summary for monoamine oxidase B inhibitors

Selegiline

One study in 15 children™? provided low-quality evidence (see Appendix 4, Table 39) that was inconclusive
as to whether or not selegiline improved motor and vocal tics following 4 weeks of treatment, but the
evidence suggested some benefit in terms of impairment. The relative occurrence of adverse effects was
not reported.

Conclusion
There is little evidence that selegiline is an effective treatment for tics in children and young people
with TS.

Pharmacology and prescribing
Dopamine receptor agonists are primarily used for treating Parkinson’s disease.

Pergolide (non-proprietary) was withdrawn by the US FDA in 2007 owing to two studies indicating that
the drug could cause serious heart valve damage.™*" It is still used in the UK, mainly as an adjunctive
treatment for Parkinson’s disease and for restless leg syndrome.

Pramipexole (Mirapexin®, Boehringer Ingelheim) is licensed in the UK for the treatment of the signs and
symptoms of idiopathic Parkinson’s disease. At the time of this review, the US FDA has not withdrawn
pramipexole from the US market but has issued a safety announcement, and is working with the
manufacturer to further clarify the risk of heart failure.

Included studies
Three studies in children investigated the efficacy of dopamine agonists compared with placebo:

pergolide versus placebo: two studies in children'*'3
pramipexole versus placebo: one study in children.’’

Study characteristics

Study characteristics are shown in Appendix 3, Table 9. One pergolide study'> was a crossover trial where
children received a maximum dose of 300 pg pergolide and placebo in a randomised order for 6 weeks
each. The other study of pergolide™® was a parallel trial where 51 children were randomised 2: 1 to
receive 8 weeks of a maximum dose of 150 ug pergolide or placebo. The study of pramipexole™” was a
parallel trial where 63 children were randomised to a maximum dose of 0.25 mg pramipexole twice a day
or placebo for 8 weeks.

Risk of bias

In the crossover study of pergolide,™® randomisation was conducted by dice roll and therefore appears to
have had poor allocation concealment. There was blinding of participants, providers and outcome assessors.
There was only a 2-week washout period between treatment phases and the risk of cross-treatment
contamination is unclear. Although analysis appears to be of available cases, there was a reasonably low
rate of drop out (21%) and there may have been a low risk of attrition bias. Overall, this study was
considered to be at unclear risk of bias owing to possible cross-treatment contamination.

In the parallel trial of pergolide,’*® the method of randomisation and presence of allocation concealment
were unclear. There was blinding of participants, providers and outcome assessors. Analysis was by last
observation carried forward for participants with post-baseline measurements and the risk of attrition bias
was considered to be low. Overall, this study was considered to be at low risk of bias.
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In the parallel trial of pramipexole,’” the method of randomisation, presence of allocation concealment
and blinding of participants, providers and outcome assessors were unclear. The rates of dropout from the
study were not reported and the presence of attrition bias is unclear. Overall, this study was considered

to be at unclear risk of bias owing to the unclear presence of patient, provider and outcome

assessor blinding.

Clinical evidence
Pergolide and pramipexole

Tics One study of pergolide™® and one of pramipexole™” measured effects on tics using the YGTSS total
tic scale. Reduction from baseline tic score was greater but there was no conclusive difference for
pergolide compared with placebo (SMD -0.59, 95% Cl-1.21 to 0.02; n=51). Reduction from baseline tic
score was similar following treatment with pramipexole compared with placebo (SMD -0.00, 95% Cl
-0.53 t0 0.53; n=62) (Figure 112).

For all studies, the YGTSS global scale was used to assess tic outcome (Figure 113). Global score favoured
pergolide in comparison with placebo (SMD -0.87, 95% Cl -1.39 to —0.34; n=70), with little heterogeneity
between studies (2 =25%). Change from baseline global score was similar for pramipexole compared with
placebo (SMD -0.01, 95% Cl-0.54 t0 0.52; n=62).

Impairment One study of pergolide,'*® reported effects on impairment using the YGTSS impairment score
(Figure 114). Results were inconclusive for the reduction from baseline impairment score for pergolide
compared with placebo (SMD -0.53, 95% Cl -1.14 t0 0.08; n=51).

Psychological well-being In the study of pramipexole,™” psychological well-being was measured using
the Child Depression Inventory — short version (CDI-S) and the MASC. Results were inconclusive for the
reduction from baseline in depression (SMD -0.44, 95% CI-0.99 t0 0.11; n=61) or anxiety scores (SMD
-0.30, 95% C1-0.85 to 0.24; n=61) for pramipexole compared with placebo (Figures 115 and 176).

Overall clinical outcome In all studies, overall clinical outcome was measured using the CGl-Severity
scale. In the pergolide studies,’>'*® change from baseline/post-treatment CGI-Severity score was
inconclusive for pergolide compared with placebo (SMD -0.28, 95% Cl -0.78 to 0.23; n=70) (Figure 117)
and there was no heterogeneity between study results (in the crossover study, first-phase data were used
for this outcome because of carry over effects).

In the study of pramipexole, results were inconclusive for the proportions of children who had an improved
(RR 1.19, 95% Cl 0.42 to 3.33; n=62) or unchanged (RR 0.95, 95% Cl 0.72 to 1.26; n=62) CGl-Severity
score for pramipexole compared with placebo (Figure 118).

Long-term outcome No relevant studies reported long-term outcomes.

Safety One study of pergolide'™> and one of pramipexole™’ reported the number of participants with one
or more adverse effects (Figure 119). Results were inconclusive for the proportions of participants
experienced an adverse effect for intervention compared with placebo in the study of pergolide (RR 0.88,
95% Cl 0.40 to 1.93; n=19) and in the study of pramipexole (RR 1.62, 95% CI 0.70 to 3.76; n=62). In
the pramipexole study, the most frequent adverse effects in the pramipexole group were headache (28%),
nausea (19%), vomiting (12%), myalgia (9%) and fatigue (9%) (not reported for the placebo group).

Both studies'*'* of pergolide measured adverse effects using the STESS and patient-reported adverse
effects were recorded. STESS scores were inconclusive for pergolide compared with placebo (SMD —-0.05,
95% Cl-0.49 to 0.38; n=70) (Figure 120).
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INTERVENTIONS FOR TICS IN CHILDREN AND ADOLESCENTS

In one study of pergolide,’®* results were inconclusive for the rates of gastrointestinal adverse effects

(RR 0.98, 95% Cl1 0.68 to 1.42; n=51), headaches (RR 0.74, 95% Cl 0.43 to 1.29; n=51), mild insomnia
(RR 5.62, 95% Cl 0.34 t0 93.94; n=51) and rashes (RR 1.67, 95% Cl 0.20 to 13.70; n=51) for pergolide
compared with placebo (Figure 1217).

In this study, ECG parameters were measured (Figure 122). Results were inconclusive for the changes from
baseline for pergolide compared with placebo for PR interval (MD 9.90, 95% Cl -5.27 to 25.07; n=51),
QT interval (MD 13.50, 95% Cl -4.29 to 31.29; n=51) and QRS width (MD 0.70, 95% Cl -3.35 to

4.75; n=51).

For the other pergolide study,'® adverse effects in the pergolide group were syncope, sedation, postural
dizziness, dizziness, nausea, stomach ache and irritability and, in the placebo group, blurry vision, fever,
hyperventilation, leg pain, nausea, rash, sedation, stomach ache, weight loss, diarrhoea and enuresis
(numbers not reported).

Clinical evidence summary

Pergolide

There was low-quality evidence (see Appendix 4, Table 36) from two studies in children (n=70)"*>'% that
pergolide produced medium-to-large effects in terms of tics and global ticZimpairment, but overall clinical
outcome was inconclusive.

Pramipexole

One study in 62 children™’ provided low-quality evidence (see Appendix 4, Table 37) that pramipexole was
unlikely to improve tics, global ticimpairment or overall clinical outcome (proportion of participants much
or very much improved on the CGl scale) following 6 weeks of treatment. There was an increase in
adverse effects, but the estimates were very imprecise.

Conclusion

Pergolide may be an effective agent for the reduction of tics in the short term in children and young people
with TS, but effects on global outcomes are inconclusive. While there was no apparent increase in adverse
effects in these studies, pergolide is now rarely considered for other neurological indications (Parkinson’s
disease) in the UK owing to serious concerns over the risk of long-term fibrotic reactions (i.e. pulmonary and
pericardial fibrosis). There is no clear evidence that pramipexole is an effective treatment for tics.

5HT;-receptor antagonists/antiemetic and gastroprokinetic agents

Pharmacology and prescribing

Metoclopramide (Maxolon®, AMCo) is a dopamine antagonist with a license in the UK to treat a number
of conditions including the treatment of the nausea and vomiting associated with gastrointestinal
disorders. Like other dopamine antagonists, metoclopramide antagonises dopamine D2 receptors within
the striatum.

Ondansetron (Zofran®, GSK) is a selective 5-HT; receptor antagonist licensed in the UK for the treatment of
nausea and vomiting in relation to post-operative recovery and chemotherapy.

Included studies

One parallel trial investigated the efficacy of metoclopramide™® and one parallel trial investigated the
efficacy of ondansetron.'*
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Study characteristics

Study characteristics are shown in Appendix 3, Table 9. One parallel trial in children compared
metoclopramide with placebo.'*® Twenty-eight children with TS or CTD were randomised to maximum
dose of 40 mg/day metoclopramide or to placebo for 8 weeks.

Another parallel trial in a mixed population of adults and children compared treatment with ondansetron
with placebo.™® The original study was of 30 adults and children, but the authors were able to supply IPD
for 15 children who were randomised to 8 mg/day ondansetron or placebo for 3 weeks.

Risk of bias

Neither study provided information on the method of sequence generation, allocation concealment or
statements about the presence of participant, provider or outcome assessor blinding. Neither study had a
high rate of dropout and both were considered to be at low risk of attrition bias. Overall, owing to the
unclear presence of blinding, both of these studies were considered to be at unclear risk of bias.

Clinical evidence for 5HT3-receptor antagonists/antiemetic and
gastroprokinetic agents

Metoclopramide and ondansetron

Tics Both studies measured tic changes using the YGTSS. For metoclopramide, reduction from baseline in
total tic score was greater for metoclopramide than placebo (SMD —1.43, 95% Cl -2.28 to —0.59; n=27).
For ondansetron, the reduction in total tic score was inconclusive for ondansetron compared with placebo
(SMD -0.38, 95% Cl -1.42 to 0.66; n=15) (Figure 123).

Both studies reported findings for motor and vocal tic components separately. For metoclopramide, there
was a reduction in YGTSS motor tic score compared with placebo (SMD —1.44, 95% Cl -2.28 to —-0.59;
n=27). For ondansetron, the results were inconclusive when compared with placebo (SMD -0.14, 95% Cl
—-1.18 t0 0.89; n=15) (Figure 124).

For vocal tics, there was a reduction in YGTSS vocal tic score for metoclopramide compared with placebo
(SMD -0.79, 95% CI -1.58 to —0.01; n=27), but findings were inconclusive for ondansetron compared
with placebo (SMD -0.69, 95% Cl -1.76 to 0.37; n=15) (Figure 125).

Impairment No measures of TS-related impairment were reported by these studies.
Psychological well-being No relevant studies reported this outcome.

Overall clinical outcome In both studies, overall clinical outcome was assessed using the CGl-Severity
scale. CGl score suggested a benefit for metoclopramide compared with placebo (SMD -1.07, 95% Cl
—-1.88 to -0.27; n=27). For ondansetron compared with placebo, the results were inconclusive

(SMD -0.50, 95% —1.55 to 0.55; n=15) (Figure 126).

Long-term outcome No relevant studies reported long-term outcomes.

Safety In the study of metoclopramide,’® the occurrence of adverse effects is shown in Figure 127 (other
adverse effects were measured but no events were reported). The results were inconclusive for rates of
sedation (RR 2.79, 95% Cl 0.33 to 23.52; n=27), dysphoria (RR 0.93, 95% Cl 0.06 to 13.37, n=27) and
increased appetite (RR 2.79, 95% Cl 0.33 to 23.52; n=27) for metoclopramide compared with placebo.

Weight gain (kg) was inconclusive for metoclopramide compared with placebo (MD 0.50, 95% Cl -0.75 to
1.75; n=27) (Figure 128) and it is reported that there was no difference in changes in any cardiac
conduction parameters (PR, QRS and QTc) or liver function measures for children treated with
metoclopramide compared with placebo.

© Queen'’s Printer and Controller of HMSO 2016. This work was produced by Hollis et al. under the terms of a commissioning contract issued by the Secretary of State for Health.
This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals provided that
suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be addressed to: NIHR
Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science Park, Southampton
SO16 7NS, UK.

123



*10449 pJepuels ‘IS seiq 4o sl ‘gOY ‘9|gelden yuspuadapul ‘Al
‘oqgade|d yum pasedwod jusbe di3surjoidosiseb 1o d13SWSIIUe Ue YL Pa1eas) UdJp|iyd J0) 9101S D11 JI0J0W SSIDA duljaseq wouy sbueyd pasipiepuels

OQwum_Q SinOoAe4 Jllowisilue sinoAe4

AN S S SR

(6£°0=d) £Z°0=2 :109}}d ||BISAO 10} 1S9 |

9|qe>ijdde jou :AydusbolsisH

(68°0018L°L-) ¥L0- - %0001 (1D %S6) |e303gns

(68°0018L°L-) V10— _ — JsiJespun %000l 8250 EVLO- 6£1500¢C UsJo|

(6000°0=0) 7€'€ =27 :109}43 ||BJONO 4O} 53]

9|qedijdde jou :AydusbolsisHy

(65°0—018Z°C-) ¥¥'L- e %0001 (1D %S6) |e301gns

(65°0-0187C-) vr'L— _ — s Jespun %000l <CEV'O  SEVL- 8¢, 500¢C UOS|OJIN

D %S6 ‘wopued ‘Al D %G6 ‘wopued ‘Al e R R R ER amns dnoubgns 1o Apnis
('S ains

*10J4J9 piepuels ‘3§ seiq Jo sl ‘gOY -a|qeliea
juspuadapul ‘Al "ogade|d yim patedwod syusbe d13aujoidosised 1o dilswailue YUM paleall uaJp|iyd Jo) 3100S J13 [e10) SSIDA dul|aseq wod) abueyd pasipiepuels

OQwum_Q SinoAe4 Jllowiaijue sinoAe4

AR S S SU o

(87°0=0d) LL'0=2109}43 ||RISAO 104 1S3

9|qedijdde jou :AypuaboislsH

(99°0 01 Zv'L-) 8€°0- - %0001 (1> %56) Ie301qns

(99'0 03 ¢'L-) 8€'0— _ — JysuJespun %000l €€S0  8E0— 6,500C UaioL

(6000°0=0) ZE€€ =2 1323443 ||RIDNO 104 359

9|qedijdde jou :AypuaboialsH

(65'0—0182°C-) €v'L- D %0°00L (ID %S6) e101qNnS

(65°0—018C°C-) €v7'L- — . Jysiiespun %000l CEV'O0  vEVL- g¢1 500 UOS|ODIN

1D %G6 ‘wWopuel ‘Al [> %56 ‘Wopues ‘Al q0Y [[e49A0  ybBrap 3 ans dnoubgns 1o Apnis
ains diNs

NIHR Journals Library



VOL. 20 NO. 4

"104J9 pJepueis ‘3S seiq 40 Msu ‘gOy ‘a|qeliea yuapuadapul ‘Al
‘oqade|d yim pasedwod jusbe diaurjoidosiseb 1o d13awalue ue YLm palead) usip|iyd Jo) 910s ALISASS-|DD ul suljaseq wody sbueyd pasipiepuels

OQwum_Q SinoAe{ Dilowallue sinoAe4

AR S R SR o
(5€'0=d) £6°0=2 :109}J3 ||RISNO 40} 1S3 |
9|qedijdde jou :AyouaboisloH
(5570 03 SS°L-) 05°0— < %0°00L (1D %S6) [er01qns
(55001 55°1L-) 05°0- —_ — JsiJespun %0°00L SES0 S0-— 6£1900C UdJ0L
(600°0=4d) 19'7=2 :109}4d ||BISNO 10} 1S9
9|qedi|dde jou :A}ouaboislsH
(z0-0188'L-) LO°L- D %0001 (D %S6) [er03gns
(£z0-0188'L-) LO'L— — Jsiitespun  %0°00L ¢Cly'0 vL0°L- 8£1900C UOS|0JIN
1D %S6 'wopuel ‘Al 1D %56 ‘Wopuel ‘Al d0Y [[e49r0  WblaM 1S ans dnoubgns Jo Apnig

ans ans

"104J9 pJepuels ‘3S seiq 40 Msu ‘gOy ‘a|qelen yuapuadapul ‘Al
‘ogade[d yum pasedwod jusbe diaurjoidouiseb 1o d13swalue ue YUM Paleasl UdJp|iyd J0) 910IS D11 [BIOA SSIDA duljaseq wouy sbueyd pasipiepuels

OQwum_Q sinoAe{ DJilowallue sinoAe4

AN A R SR o
(0Z2°0=d) 8Z'L =Z :109}J3 ||RJSAO 40} 1S3 |
9|qedijdde jou :AyousaboislaH
(£€00197°1L-) 69°0— e %0°00L (D %S6) [er01qns
(LE'0019/°1-) 69°0— -+ — dsiJespun %000l Z¥S0 S69°0- 6£1500C UaJo]
(S0°'0=d) 86°L =Z :3094Jd ||BISAO 10} 1S9 |
9|qedijdde jou :AyouaboisloH
(L0'0-0385°L-) 6£70- D %0001 (1D %S6) [er03qns
(1000—0185°L-) 6£°0— — — JsihJespun  %0°00L 0 €6L°0— 8£1500C UOS|0JIN
1D %S6 'wopuel ‘A D %56 ‘Wopuel ‘Al d0Y4 [[e4an0  WblsM 1S ans dnoubgns Jo Apnig

ans ans

suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be addressed to: NIHR
Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science Park, Southampton

This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals provided that
SO16 7NS, UK.

© Queen'’s Printer and Controller of HMSO 2016. This work was produced by Hollis et al. under the terms of a commissioning contract issued by the Secretary of State for Health.



'seiq Jo dsild ‘gOY ‘9|geliea yuspuadapul ‘Al "ogade|d yim pasedwod spiweidopolsw 104 uaJp|iyd Joy (b)) ureb 1ybiapn

OQwum_Q SinoAe4 wU_Em._QO_uOHwE SiNOAe4

14 4 0 - V- (E'0=d) 8/°0=2 :1094} ||BISNO 10O} 1S9 |

: : _ : ! 3|qedijdde jou :A118usboialoH

(§£°L01S£°0-) 0S50 %0°00L €l 14" (ID %8S6) e300l

(§£'1 ©03S£°0-) 0S°0 — dsiiespun %000l €l 'L S0 vl 6'L 1 8c1500C UOS|ODIN

1D %S6 ‘wopuel ‘Al D %56 'wopuel ‘Al g0y 11490 WYBIBM  [B3I01L QS uedN (B0l @S uedy dnoubgns o Apnis
an an ogade|d aplweido|polay

"se|q 40 Ysl ‘gOY ‘|9zsuseH—|a3ue\ ‘H-IAl "ogade|d yum paltedwod apiwesdo|dpoIaw Jo) SUSAS asianpe Bupuaiiadxa syusiied o uoiodoid

ogade|d sinoAe{  apiweido[>01aW sinoAe4

om_vm o_— L _‘“o mow.o

(S€'0=d) ¥6°0=2 :1994J9 ||BJDNO 40} 359
9|qedijdde jou :AypuaboualsHy
l € SIU3AD |e1O]
(ZS'€T 01 €€°0) 6L°C —l— %0°00L €l 14} (1D %S6) |ea01qns
(2S°€2 01 €£°0) 6L°C S S S ¥suiespun %000 €L | vl € ¢1G00Z UOS|OdIN
(96'0=0d) G0'0=2Z :1994J9 ||BJDNO 40} 159
9|qedijdde jou :AypuaboislsH
l L SIU3AD |e1O]
(£E'€1 03 90°0) £6°0 ——e %0°00L €l vl (1D %S6) [e303qns
(LE'E1 0190°0) £6°0 — ¥suiespun %000 €L L vl L ¢1G00Z UOS|ODIN
(5£'0=d) ¥6°0=2 :309}43 ||eJaN0 10} 158
9|gedijdde jou :AsusboisisH
L € SIUaAD |B10]
(zs€T 01 €€°0) 6L°C el %0°00L €l 14} (1D %S6) [er01qns
(zs'ez o1 €€°0) 64T _— sl Jesppun %000l €l l 14 € 8g1500C UOS|OIN
1D %G6 ‘wopues ‘H-|N D %G6 ‘wopues ‘H-|N d0Y [|eJl9AO0 YBISAN  |B10] SIUDAJ  |B3O]  SIUDAJ dnoubgns Jo Apnis

Y Y ogade|d aplweudopols|N

NIHR Journals Library



DOI: 10.3310/hta20040 HEALTH TECHNOLOGY ASSESSMENT 2016 VOL. 20 NO. 4

In the study of ondansetron,™® in the whole mixed study sample, one patient from the ondansetron and
one from the placebo group experienced mild and transient abdominal pain. It is reported that adverse
effects also included gastrointestinal complaints leading to drop-out of one patient in the

ondansetron group.

Moderators of clinical effectiveness For the study of metoclopramide, no investigation into moderating
factors was conducted. In the study of ondansetron,' in the whole mixed study population (not the child
subset used for efficacy results in this review), investigators found that there was no significant difference
in response to ondansetron for participants aged < 18 years compared with those aged > 18 years, for
those with OCD compared with those without OCD and for those with ADHD compared with those
without ADHD.

Clinical evidence summary for 5HT3-receptor antagonists/antiemetic and
gastroprokinetic agents

Metoclopramide

There was low-quality evidence (see Appendix 4, Table 29) from one study with 27 children'® suggesting
that metoclopramide produced a large effect in terms of tics and overall clinical outcome following

8 weeks of treatment, by estimates of adverse effects were very imprecise.

Ondansetron

One study in 15 children™ provided very low-quality evidence (see Appendix 4, Table 30) that was
inconclusive as to whether or not ondansetron improves tics and overall clinical outcome following 3 weeks
of treatment. There was no apparent increase in adverse effects, although the study was too small to detect
relative differences.

Conclusion

Metoclopramide may be effective in the short-term treatment of tics in children and young people with TS.
However, this conclusion must be treated with caution as the evidence is drawn from a single small
study.'®® There is no clear evidence that ondansetron is an effective treatment for tics.

Gamma-aminobutyric acidy receptor agonists/skeletal muscle relaxants

Pharmacology and prescribing
The GABA; receptor agonists act as muscle relaxants on the central nervous system and are usually
prescribed for chronic severe spasticity.

Baclofen (Lioresal®, Novartis) binds to GABA; receptors and inhibits the release of the excitatory
neurotransmitters glutamate and aspartate. It is licensed in the UK for the relief of spasticity of voluntary
muscle resulting from disorders such as multiple sclerosis.

Included studies
One study in children investigated treatment with baclofen compared with placebo.'°

Study characteristics

Study characteristics are shown in Appendix 3, Table 9. In one crossover study,'° 10 children with TS were
randomised to receive a maximum dose of 60 mg/day baclofen and placebo in a randomised order for

4 weeks each.
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INTERVENTIONS FOR TICS IN CHILDREN AND ADOLESCENTS

Risk of bias

Methods for sequence generation and allocation concealment were unclear but participants, their parents,
providers and outcome assessors were blind to order of allocation. There was a short washout period

(2-3 weeks including drug tapering) and there was considered to be high risk of cross-treatment
contamination. Analysis was of only participants completing the study but attrition was reasonably

low (10%). Overall, this study was considered to be at unclear risk of bias owing to possible
cross-treatment contamination.

Clinical evidence for gamma-aminobutyric acids receptor agonists/skeletal
muscle relaxants

Baclofen

Tics The effect on tics was assessed using the YGTSS total tic scale. The results were inconclusive for
baclofen compared with placebo (SMD —0.54, 95% CI —1.50 to 0.42; n=9) (Figure 129).

Impairment Impairment was assessed with the YGTSS impairment scale. The results favoured baclofen
compared with placebo for impairment score (SMD -1.38, 95% Cl -2.46 to -0.30; n=9) (Figure 130) and
overall global score (SMD —-0.95, 95% CI -1.93 to 0.02; n=9) (Figure 131).

Psychological well-being No relevant studies reported this outcome.

Overall clinical outcome Overall clinical outcome was assessed with the CGl-Severity score and favoured
baclofen compared with placebo (SMD —1.05, 95% Cl —2.03 to —0.07; n=9) (Figure 132).

Long-term outcome No relevant studies reported long-term outcomes.

Safety Reported rates of abdominal pain, nausea, anxiety and headache were the same for participants
when taking baclofen and placebo (one patient for each) and rates of constipation (one vs. two),
palpitations (zero vs. one) and social phobia (zero vs. one) were similar.

Clinical evidence summary for gamma-aminobutyric acidg receptor
agonists/skeletal muscle relaxants

Baclofen

There was very low-quality evidence (see Appendix 4, Table 41) from one study'® with nine children that
baclofen improved impairment, tics and overall clinical outcome following 4 weeks of treatment.

There was no reported increase in rates of adverse effects, although the study was too small to detect
relative differences.

Conclusion
There is no clear evidence that baclofen is an effective treatment for tics in children and young people
with TS.

Tricyclic antidepressants

Pharmacology and prescribing

Tricyclic antidepressants are one of the oldest classes of antidepressants and are also used for the
management of panic and other anxiety disorders. They inhibit the reuptake of noradrenaline and
serotonin. TCAs have largely been replaced by SSRIs because of the greater cardiac risk in overdose
with TCAs.
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Desipramine is a noradrenergic TCA (with pharmacological similarities to atomoxetine) that has been
trialled in children with TS and comorbid ADHD, with the aim to reduce both tics and ADHD symptoms.''

The license for desipramine was withdrawn in the UK in the late 1980s following reports of sudden
unexplained deaths in children. Desipramine is still available in some countries including the USA.

Included studies
Two studies in children investigated treatment with desipramine compared with placebo. !

Study characteristics

Study characteristics are shown in Appendix 3, Table 9. In both studies, children with concurrent tic
disorder and ADHD were treated. One study was a crossover, in which 37 children received 100 mg/day
desipramine, 0.2 mg/day clonidine and placebo in a randomised order for 6 weeks each."" In the other
study, children were randomised in parallel to 3.5 mg/kg/day desipramine or placebo for 6 weeks.™

Risk of bias

In the crossover trial,'™® the methods for randomisation and allocation concealment were not reported but
there appears to have been blinding of participants, providers and outcome assessors. There was only a
1-week washout period between treatments and there may have been a high risk of cross-intervention
contamination. There appears to have been a low rate of dropout and the risk of attrition bias may be low.
Only data for outcomes with statistically significant findings were reported and, for these outcomes,

there is considered to be a high risk of selective outcome reporting bias. Overall, the study was considered
to be at high risk of bias owing to potential cross-treatment contamination and selective outcome
reporting bias.

In the parallel trial,'' randomisation was conducted stratified for pre/post adolescence and sex but the
method used was not stated. Allocation concealment was ensured through the use of sealed envelopes
and participants, providers and outcome assessors appear to have been blinded to intervention allocation.
The rate of dropout was relatively low (8%). Overall, this study was considered to be at low risk of bias.

Clinical evidence for tricyclic antidepressants
Desipramine

The parallel trial™" measured tics with the YGTSS total tic scale and the crossover trial'™ used the
YGTSS, Hopkins scale, Shapiro TSSS and a linear analogue scale completed by parents. In the parallel trial,
the proportion of participants with > 30% reductions in the YGTSS was greater for children taking
desipramine compared with placebo for the total (RR 0.47, 95% CI 0.27 to 0.81; n=39), motor (RR 0.59,
95% Cl 0.35 to 1.00; n=39) and vocal tic scores (RR 0.47, 95% Cl 0.27 to 0.81; n=39) (RRs of not
having a > 30% reduction) (Figure 133).

In the crossover trial,'"® there was no significant differences in post-treatment measures for the YGTSS
(conducted in 23 of 34 participants), or in motor or vocal measures on the Hopkins scale or the Shapiro
TSSS (data are not presented in the publication), but for a parent-completed linear analogue scale
measuring changes in tic severity and frequency, there was a greater change score for desipramine than
for placebo.

In the parallel trial,™" the YGTSS global scale was used (measure of tic severity and
impairment). There was a greater reduction from baseline in global score for desipramine than for placebo
(SMD -1.15, 95% Cl —1.83 to —-0.46; n=39) (Figure 134).
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For this study, the proportion of participants with >30% reductions in global score was greater for
children taking desipramine than for placebo (RR 0.39, 95% Cl 0.21 to 0.70; n=39) (Figure 135)
(the RR presented here is the RR of not having a > 30% reduction).

Psychological well-being No relevant studies reported this outcome.

Overall clinical outcome The parallel trial'*' reports the proportion of children that were much or very
much improved on the CGl scale. A higher proportion of participants were CGI much or very much
improved for desipramine than placebo (RR 0.44, 95% Cl 0.26 to 0.76; n=39) (the RR presented here is
the RR of not being much or very much improved) (Figure 136).

Long-term outcome No relevant studies reported long-term outcomes.

Safety In the crossover trial,"™ a higher proportion of participants reported one or more drug-related
adverse effect while taking desipramine than when taking the placebo (RR 1.73, 95% Cl 1.14 to 2.64;
n=34) (Figure 137).

In the parallel trial,™" adverse effects occurring in greater than two children are shown in Figure 138.
Findings were inconclusive for decreased appetite (RR 11.55, 95% Cl 0.68 to 195.63; n=39) and difficulty
sleeping (RR 4.21, 95% Cl 0.52 to 34.36; n =39) for desipramine compared with placebo.

Clinical evidence summary for tricyclic antidepressants

Desipramine

There was low-quality evidence (see Appendix 4, Table 28) from one study with 39 children™ that
desipramine produced a large effect in terms of tics (proportion of children with >30% reduction in tics),
global tic/impairment and overall clinical outcome (CGI much or very much improved) following 6 weeks of
treatment. In two studies,'>'*" adverse effects were reported and there was evidence of overall increased
rates of adverse effects and a tendency to higher rates of decreased appetite and difficulty sleeping.

Conclusion

Desipramine may be effective in the short-term treatment of tics in children and young people with
comorbid TS and ADHD; however, this conclusion must be treated with caution as the evidence is drawn
from a single small study.’' The clinical indication (i.e. treatment of comorbid TS plus ADHD), mechanism
of action and clinical effectiveness of desipramine appears broadly similar to atomoxetine. However, the
less favourable adverse effect profile of desipramine (in particular, reports of sudden unexplained deaths in
children) resulted in its withdrawal from the UK.

Selective serotonin reuptake inhibitors

Pharmacology and prescribing
Selective serotonin reuptake inhibitors selectively inhibit the reuptake of serotonin (5-hydroxytryptamine), so
that the effects of serotonin are prolonged. They are commonly used to treat depression, anxiety and OCD.

Fluoxetine (non-proprietary; Prozac®, Lilly) is licensed in the UK for the treatment of MDD, OCD and bulimia
nervosa. It is the most common first-line medication prescribed for comorbid OCD/OCSs in children with TS.™2

Included studies
Two studies, one in children'® and one in a mixed population™ of adults and children, investigated
treatment with fluoxetine compared with placebo.
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INTERVENTIONS FOR TICS IN CHILDREN AND ADOLESCENTS

Study characteristics

Study characteristics are shown in Appendix 3, Table 9. One study was a parallel trial in 11 children with TS
of maximum dose of 40 mg/day fluoxetine compared with placebo for 4 months.’ The other was a
crossover trial in a mixed population of 14 adults and children with TS of fixed dose of 20 mg/day fluoxetine
compared with placebo for 8 weeks." Half of the participants in this study were children and results were,
therefore, combined with the child study. This study is a crossover trial but presents data at the end of the
first phase of the study and the first-phase data have been used in the analysis for this review.

Risk of bias

In the study of fluoxetine compared with placebo in children,’* the method of randomisation and presence
of allocation concealment were unclear. The study is described as double blind but there is no description of
patient, provider or outcome assessor blinding. Analysis was of available case data but, as dropout was
moderate and similar in both groups, the risk of attrition bias may have been low. Overall, the study was
considered to have unclear risk of bias owing to unclear patient, provider and outcome assessor blinding.

In the mixed study of fluoxetine compared with placebo,’ the method of randomisation and presence of
allocation concealment were unclear. There appears to have been blinding of participants, providers and
outcome assessors. Analysis was of available case data but, as dropout was moderate and similar in both
groups, the risk of attrition bias may have been low. Although this was a crossover trial, first-phase data
were available and this avoided bias from cross-treatment contamination. Overall, the study was
considered to have a low risk of bias.

Clinical evidence for selective serotonin reuptake inhibitors
Fluoxetine

Tics Tics were assessed in one study using the YGTSS total tic scale’™* and in the other using the Unified
Tic Rating Scale (UTRS) and the Goetz scale.’ Using the Goetz simple motor tics for the study with
multiple tic measures,'* there was no conclusive difference in tic score for fluoxetine compared with
placebo (SMD -0.41, 95% Cl -1.23 to 0.42; n=21) (Figure 139), with no important heterogeneity
between studies (2 =6%).

Impairment No relevant studies reported TS-related impairment.
Psychological well-being No relevant studies reported this outcome.
Overall clinical outcome No relevant studies reported this outcome.
Long-term outcome No relevant studies reported long-term outcomes.

Safety In the study of children,’ it is reported that adverse effects were mild and reported by two
children taking fluoxetine (hypomanic behaviour, irritability, fatigue and agitation) and three children
taking placebo (fatigue, irritability, hypomanic behaviour and diarrhoea). In the mixed study,’** outcomes
with events for greater than two participants are shown in Figure 140.

There was no conclusive difference in motor restlessness (RR 3.50, 95% Cl 0.91 to 13.53; n=12),
insomnia (RR 2.50, 95% CI 0.60 to 10.46; n=12), decreased appetite (RR 7.00, 95% Cl 0.40 to 122.44;
n=12) and diarrhoea (RR 3.00, 95% Cl 0.36 to 24.92; n=12) for fluoxetine compared with placebo.

In this study, it is reported that none of the participants had clinically significant changes in vital signs or
laboratory measures.
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Clinical evidence summary for selective serotonin reuptake inhibitors

Fluoxetine

One study in 11 children™? provided low-quality evidence (see Appendix 4, Table 27) that was inconclusive
as to whether or not fluoxetine gives a clinically significant improvement in tics after 4 months of
treatment. Evidence from a mixed study showed fluoxetine to have a similar efficacy to placebo. The child
study reported no difference in adverse effects, but the mixed study reported higher rates of motor
restlessness, insomnia, decreased appetite and diarrhoea for fluoxetine than for placebo.

Conclusion

There is no clear evidence that fluoxetine is effective in reducing tics in children and young people with
comorbid TS and OCD/OCSs. However, fluoxetine when used to treat comorbid OCD/OCSs does not
appear to result in tic worsening or exacerbation.

Nicotinic acetylcholine receptor antagonists

Pharmacology and prescribing

Mecamylamine (Inversine®, Targacept Inc.) has mainly been used as an antihypertensive, but is not licensed
in the UK. At lower doses, it can be used to act as a selective nicotinic receptor antagonist and has been
suggested as a potentially useful treatment for TS adjunctive to an antipsychotic drug.'#>'4

Included studies
One study compared treatment with mecamylamine with placebo.'*

Study characteristics

Study characteristics are shown in Appendix 3, Table 9. Sixty-one children with TS were randomised to
receive maximum dose of 7.5 mg/day mecamylamine or placebo for 8 weeks. In order to be included in
the study, behavioural and emotional TS symptoms had to be rated by the parent as more disturbing than
the tics themselves.

Risk of bias

Methods for sequence generation and allocation concealment are unclear and no details are given of
patient, provider or outcome assessor blinding. There was a high rate of dropout from the study (41% of
those on mecamylamine and 34% of those on placebo) and, although analysis was by last observation
carried forward for those with at least 3 weeks of data (86% of those on mecamylamine and 78% of
those on placebo), the risk of attrition bias was unclear. Overall, this study was considered to be at unclear
risk of bias owing to unclear participant, provider and outcome assessor blinding and possible risk of
attrition bias.

Clinical evidence for nicotinic acetylcholine receptor antagonists
Mecamylamine

Tics The YGTSS scale was used to assess tic changes but, for most results, the precision of study findings
was not reported. It is reported there was no significant difference in baseline or end point measures for
mecamylamine compared with placebo (Bonferroni adjustment; p < 0.0025 needed for statistical
significance) for the YGTSS total tic (MD of group changes 7.6, favours placebo) or vocal tic scores (MD of
group changes 2.6, favours placebo). YGTSS motor tic score was significantly different at baseline (baseline
MD 2.5; p=0.02) and end point (post-treatment MD 4.2; p <0.002) but it is reported that the difference
in group changes was not significant (MD of group changes 1.7, favours placebo).
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INTERVENTIONS FOR TICS IN CHILDREN AND ADOLESCENTS

Impairment It is reported that there was no difference in baseline or end point YGTSS impairment score
for mecamylamine compared with placebo (MD of group changes 2.3, favours placebo).

Psychological well-being For the anxiety rating in the Conners’ Parent Rating Scale, it is reported
that there was no significant difference for mecamylamine compared with placebo for baseline or
post-treatment scores (MD of group changes —0.9, favours mecamylamine).

Overall clinical outcome The CGI-I was used to assess overall clinical outcome. It is reported that there
was no significant difference in clinician-rated CGI-I score for mecamylamine compared with placebo
(MD -2.2, favours mecamylamine).

Long-term outcome No relevant studies reported long-term outcomes.

Safety It is reported that adverse effects occurred more frequently in children taking mecamylamine than
those taking placebo. Adverse effects occurring in twice as many children for mecamylamine than placebo
were reported and there were no conclusive differences (Figure 141).

There were no between-group differences or changes in sitting or standing systolic or diastolic BP. When a
cut-off of 90/60 mmHg was used to define hypertension, there was no conclusive difference in incidence
for mecamylamine compared with placebo (RR 9.00, 95% Cl 0.51 to 158.85; n=50) (Figure 142).

Results suggested heart rate measured at the end of the first week was higher for mecamylamine than
placebo (MD 8.50, 95% Cl 2.22 to 14.78; n=61) (Figure 143), but not at other time points. It was
reported that there were no clinically significant group differences or abnormalities in complete blood cell
count, blood chemistry or ECGs.

Moderators of effectiveness Investigators conducted a post hoc subgroup analysis of participants whose
TS was defined as moderate or severe [Tourette’s Disorder Scale — Clinician Rated (TODS-CR) score of

> 60, n=32]. More children with moderate or severe TS taking mecamylamine compared with placebo
had a > 4-point reduction on the TODS-CR ‘sudden mood changes’ score (8/17 vs. 1/15) and the TODS-CR
‘depressed or uninterested in most things’ score (5/17 vs. 2/15). However, the opposite pattern was
observed for children with baseline TODS-CR scores of < 60.

Clinical evidence summary for nicotinic acetylcholine receptor antagonists
Mecamylamine

One study (n=61)" provided low-quality evidence (see Appendix 4, Table 40) that mecamylamine does
not improve tics, impairment or overall clinical outcome but may increase the risk of adverse effects.
Conclusion

There is no clear evidence that mecamylamine is an effective treatment for tics in children and young
people with TS.

Transdermal nicotine

Pharmacology and prescribing

Nicotine transdermal patches (Nicotinell®, Novartis) are licensed in the UK to relieve and/or prevent craving

and nicotine withdrawal symptoms associated with tobacco dependence.

Included studies
Two studies in children investigated the efficacy of transdermal nicotine for the treatment of tics.'#’'48
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Study characteristics

Study characteristics are shown in Appendix 3, Table 9. One study was a parallel trial where children
treated with haloperidol (optimum dose titrated over 2 weeks before entering the trial) were randomised
to nicotine patches (7 mg/day) or placebo for 19 days.’ The dosage of haloperidol was reduced to 50%
after 5 days and outcomes assessed 3 hours after patch application and at 5, 19 and 33 days. The other
study was a crossover trial in which children being treated with an antipsychotic drug (96% of children)
were given a single dose of transdermal nicotine (7 mg) or placebo in a randomised order and
measurements made 7 days after treatment.’®

Risk of bias

For the parallel trial,"”” randomisation was conducted using a random number generator but the presence
of allocation concealment was unclear. There appears to have been blinding of providers and outcome
assessors. Blinding of participants was attempted but it is unclear as to whether or not differences in the
smell and adverse effects associated with nicotine resulted in loss of patient blinding. Analysis was of
available case data. Dropout was moderate (26%) and the risk of attrition bias was considered to be
unclear. Overall, this study was considered to be at unclear risk of bias owing to unclear risks of attrition
bias and unclear patient blinding.

For the crossover trial,"*® the method for randomisation and presence of allocation concealment was
unclear. There appears to have been blinding of participants and outcome assessors but blinding of
providers was unclear. An 8-week washout period was used and this may have been long enough to avoid
cross-treatment contamination. Analysis was by available case. Dropout was high (39%) and the risk of
attrition bias was considered to be high. The presence of selective outcome reporting was unclear as some
outcomes (e.g. YGTSS) appear to be listed in the methods section as outcome measures, but are not
reported in the results. Overall, this study was considered to be at unclear risk of bias owing to risk of
attrition bias and possible selective outcome reporting.

Clinical evidence for transdermal nicotine
Nicotine transdermal patches

In the parallel trial,™’ tics were assessed with the YGTSS and, in the crossover trial,"*® the Tourette
Syndrome Symptom List — Child’s report (TSSL-C) was used. Studies showed similar motor (SMD —0.03, 95% Cl
-0.49 t0 0.43; n=70) (Figure 144) and vocal tic scores (SMD 0.34, 95% C| -0.37 to 1.05; n=70) (Figure 145)
for transdermal nicotine plus antipsychotic drug compared with placebo plus antipsychotic drug (using the
simple motor and vocal scores from the study using the TSSL-C). There was moderate heterogeneity between
studies for motor tic score (2 =40%) and large heterogeneity between studies for vocal tic score (2=73%).

In the parallel trial™ impairment was assessed with the YGTSS impairment scale and, in the
crossover study,® impairment was assessed with the Conners’ Global Index social problems score. There
was no conclusive difference in impairment/social problems score for nicotine plus antipsychotic drug
compared with placebo plus antipsychotic drug (SMD —0.30, 95% CI —0.75 to 0.15; n=70) (Figure 146).
There was some heterogeneity between studies (2= 38%).

The parallel trial reported global tic outcome with the YGTSS global score and there was no conclusive
difference in change from baseline score for transdermal nicotine plus antipsychotic drug compared with
placebo plus antipsychotic drug (SMD —0.43, 95% CI -0.96 to 0.10; n =56) (Figure 147).

The crossover study used the Conners’ Parent Rating Scale.’ There were
similar post-treatment scores for anxiousness/shyness (SMD —0.08, 95% Cl —0.55 to 0.39; n=14) and
emotional liability for transdermal nicotine compared with placebo (SMD —0.29, 95% CI -0.77 to 0.19;
n=14) (Figure 148).
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Overall clinical outcome The parallel study'" reported changes in the global improvement scale as
assessed by clinicians and parents. Global improvement ratings were better for transdermal nicotine than
for placebo when assessed by parents (SMD -0.79, 95% Cl -1.34 to -0.25; n=56) and clinicians

(SMD -0.53, 95% CI -1.06 to 0.01; n=56) (Figure 149).

Long-term outcome No relevant studies reported long-term outcomes.

Safety Adverse effects were reported by the parallel trial.' For events occurring in more than 30% of
children, there were more instances of nausea (RR 4.17, 95% CI 1.95 to 8.89; n=70), vomiting (RR 4.67,
95% Cl 1.47 to 14.82; n=70), and a similar incidence for transdermal nicotine compared with placebo of
itching at the site of the patch (RR 1.33, 95% Cl 0.83 to 2.15; n=70) and headache (RR 1.21, 95% Cl
0.71 to 2.06; n=70) (Figure 150).

Clinical evidence summary for transdermal nicotine

Two studies in children (n=70)"""® provided low-quality evidence (see Appendix 4, Table 42) that
transdermal nicotine did not improve motor or vocal tics by the end of 1-3 weeks of treatment. The
evidence was inconclusive as to its effects on impairment, although overall clinical outcome was improved.
There were increased rates of nausea and vomiting.

Conclusion
There is no clear evidence that transdermal nicotine is an effective treatment for tics in children and young
people with TS.

Omega-3 fatty acids

Pharmacology and prescribing

Long-chain polyunsaturated fatty acids are used for many purposes including development of nerve cells
and membranes. Omega-3 and omega-6 polyunsaturated fatty acids differ in their chemical structure and
potentially their physiological effects. Omega-3 fatty acids (fish oils) have been advocated for ameliorating
the symptoms and preventing a range of behavioural and psychiatric conditions.

Included studies
One study in children compared omega-3 fatty acids with placebo.™

Study characteristics
Study characteristics are shown in Appendix 3, Table 9. Thirty-three children with TS were randomised to
receive maximum dose of 6000 mg/day omega-3 fatty acids or olive oil (placebo) capsules for 20 weeks.'*

Risk of bias

In this study, the methods for randomisation and allocation concealment are unclear. Fish oil and placebo
were administered in capsules scented with vanilla and, despite this attempt to blind study participants, the
continuation of patient blinding is unclear. Dosage was titrated on the basis of efficacy and it is unclear
whether or not blinding was maintained throughout this process. It was unclear whether or not there was
blinded outcome assessment. Analysis was by intention to treat and the risk of attrition bias appears to

be low. Measures of depression and anxiety were measured at baseline and follow-up, but the results are
not reported and the risk of outcome reporting bias is unclear. Overall, this study was considered to be

at unclear risk of bias owing to unclear patient blinding.
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INTERVENTIONS FOR TICS IN CHILDREN AND ADOLESCENTS

Clinical evidence for omega-3 fatty acids

Tics

Changes in tics were assessed with the YGTSS total tic scale. Reduction from baseline total tic scores was
inconclusive for omega-3 fatty acids compared with placebo (SMD —0.24, 95% CI —-0.92 to 0.45; n=33)
(Figure 151). There was no conclusive difference in the proportion of children with > 30% reductions in
total tic score for omega-3 fatty acids compared with placebo (RR 0.75, 95% Cl 0.40 to 1.42; n=33)
(Figure 152) (the RR presented here is the RR of not having a > 30% reduction in tic score).

Impairment Impairment was measured using the YGTSS impairment scale. Reduction from baseline
impairment score was greater for omega-3 fatty acids than placebo (SMD -0.76, 95% Cl -1.47 to -0.05;
n=33) (Figure 153). For the overall YGTSS global score, there was no conclusive difference in reduction
from baseline global score for omega-3 fatty acids compared with placebo (SMD -0.67, 95% Cl —1.38 to
0.03; n=33) (Figure 154).

There was no conclusive difference in the proportion of children with >30% reductions for omega-3
fatty acids compared with placebo for YGTSS impairment score (RR 0.55, 95% Cl 0.29 to 1.04; n=33)
(Figure 155) and YGTSS global score (RR 0.68, 95% Cl 0.37 to 1.25; n=33) (Figure 156) (RRs presented
are the relative risk of not having a >30% reduction).

Psychological well-being Depression and anxiety scores were assessed at baseline and end point using
the Children’s Depression Rating Scale-Revised and the MASC. It was reported that there was no
difference in change from baseline scores for omega-3 fatty acids compared with placebo.

Overall clinical outcome At each visit, the CGI-l was used to assess overall clinical outcome but no
results were presented in the included study.

Long-term outcome No relevant studies reported long-term outcomes.

Safety It is reported that there were no significant differences in adverse effects for omega-3 fatty acids
compared with placebo. The most frequently reported treatment-related events (reported to be tolerable
and self-limited) in the omega-3 fatty acids group were headache (n=4), nausea/stomach ache (n=4) and
diarrhoea/loose stool (n=2). One subject in the omega-3 fatty acids group experienced several nosebleeds
and bruised easily and one subject in the placebo group had elevated clotting times but all follow-up
laboratory test results were within normal limits.

Clinical evidence summary for omega-3 fatty acids

One study in 33 children,™ provided low-quality evidence (see Appendix 4, Table 43) that was
inconclusive as to whether or not omega-3 fatty acids improved tics, but a medium-sized improvement in
impairment was observed and there was no increase in adverse effects compared with the control (olive
oil) following 20 weeks of treatment.

Conclusion

There is no clear evidence that omega-3 fatty acids are an effective treatment for tics in children and
young people with TS.
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Head-to-head comparisons between different classes of drugs

Included studies
Five studies made comparisons between drugs in different classes:

risperidone (antipsychotic) compared with clonidine (noradrenergic agent)'°
sulpiride (antipsychotic) compared with fluvoxamine (antidepressant)'’

clonidine (noradrenergic agent) compared with levetiracetam (anticonvulsant)'>
clonidine (noradrenergic agent) compared with desipramine (TCA)''?

haloperidol (antipsychotic) compared with clonidine patch (noradrenergic agent).™?

Study characteristics

Study characteristics are shown in Appendix 3, Table 9. A parallel trial in children compared risperidone
with clonidine.'® Twenty-one children were randomised to maximum dose of 0.06 mg/kg/day risperidone
or maximum dose of 0.005 mg/kg/day clonidine for 8 weeks.

A mixed parallel trial of adults and children with TS and comorbid OCD compared the efficacy of
maximum dose of 300 mg/day fluvoxamine with maximum dose of 1 g/day sulpiride for 6 weeks."’

A mixed crossover study of adults and children compared clonidine with levetiracetam."? Ten participants
were allocated to maximum dose of 0.4 mg/day clonidine and maximum dose of 2500 mg/day
levetiracetam in a randomised order for 6 weeks each.

A crossover study in children compared treatment with clonidine, desipramine and placebo.™ Thirty-four
children were treated with maximum dose of 0.2 mg/day clonidine, maximum dose of 100 mg/day
desipramine and placebo in a randomised order for 6 weeks each.

A parallel controlled before-and-after study in children compared clonidine patch with haloperidol.'*?
One hundred and nineteen children were treated with clonidine patches giving doses of 1-2 mg/week
(depending on body weight) or with maximum dose of 2 mg/day haloperidol for 4 weeks.

Risk of bias

In the parallel study of risperidone versus clonidine,® the method of randomisation and presence

of allocation concealment was unclear. Participants and providers appear to have been blind to
intervention allocation but the presence of outcome assessor blinding is unclear. The rate of dropout was
low and there may have been a low risk of attrition bias. Overall, this study was considered to have an
unclear risk of bias owing to unclear outcome assessor blinding.

In the crossover study of fluvoxamine compared with sulpiride,™' the randomisation method is unclear and
there is no evidence of allocation concealment. There appears to have been blinding of participants,
providers and outcome assessors but the small between-drug washout period (2 weeks) may have
introduced cross-intervention contamination. The rate of dropout was reasonably high (5/11 participants,
45%) and, although last observation carried forward was used for the analysis, the risk of attrition

bias is unclear. Overall, this study was considered to be at unclear risk of bias owing to the small
between-intervention washout period and the unclear risk of attrition bias.

In the crossover study of levetiracetam compared with clonidine,™ the sequence was generated using a
computer program but the presence of allocation concealment is unclear. Participants, providers and
outcome assessors appear to have been blind to treatment allocation sequence. There was a 2-week
washout period between interventions and there was considered to be an unclear risk of cross-treatment
contamination. The rate of dropout was low and the risk of attrition bias was considered to be low.
Overall, owing to possible cross-treatment contamination, this study was considered to be at unclear risk
of bias.
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In the crossover study of clonidine compared with desipramine,’"® the method for randomisation and
presence of allocation concealment are unclear but there appears to be blinding of participants, providers
and outcome assessors. There was a 1-week washout period between treatments and there was
considered to be an unclear risk of cross-treatment contamination. It is reported that 3 out of 37 (8%)
participants dropped out of the study and the risk of attrition bias appears to be low. Results are presented
for significant findings only. For non-significant results, no data were presented and the study was
considered to be at high risk of selective outcome reporting bias. Overall, this study was considered to be
at high risk of bias owing to selective outcome reporting bias and possible cross-treatment contamination.

In the controlled before-and-after study of haloperidol compared with clonidine,'** the method used for
the allocation of participants to intervention groups and the presence of allocation concealment was
unclear and there was unclear blinding of participants, providers and outcome assessors. Rates of attrition
were not reported. One outcome (CGl-Severity scale) was measured but the results are not reported. This
study was considered to be at high risk of bias owing to the absence of randomisation, unclear patient,
provider and outcome assessor blinding and unclear risk of attrition and selective reporting bias.

Clinical evidence
Risperidone compared with clonidine

Tics In the parallel trial of risperidone compared with clonidine in children,™° tics and impairment were
assessed with the YGTSS global scale. Results for reduction in baseline global score were similar for
risperidone compared with clonidine (SMD 0.19, 95% CI —-0.68 to 1.05; n=21) (Figure 157) as were the
proportions of participants with a >30% reduction in YGTSS global score for risperidone compared with
clonidine (RR 0.89, 95% Cl 0.35 to 2.24; n=21) (Figure 158).

Impairment No separate impairment score was presented but the YGTSS global score (results reported
above) contains a component of impairment (50% of total score).

Psychological well-being The Hamilton Rating Scale for Depression (HAM-D) was used to assess changes
in depression. Results were inconclusive for changes from baseline in HAM-D score for risperidone
compared with clonidine (SMD 0.03, 95% CI -0.83 to 0.89; n=21) (Figure 159).

Overall clinical outcome Overall clinical outcome was assessed using the CGl-Severity scale. There was
no conclusive difference in change from baseline CGlI-Severity score for risperidone compared with
clonidine (SMD 0.65, 95% Cl -0.24 to 1.54; n=21) (Figure 160).

Long-term outcome No relevant studies reported long-term outcomes.

Safety For adverse effects, results were inconclusive for risperidone compared with clonidine (RR 0.57,
95% Cl10.20 to 1.62; n=21) (Figure 167). The most common adverse effects with clonidine were sedation
(n=5), dizziness (n = 2), stiffness (n=1) and dry mouth (n=1) and, in the risperidone group, they were
sedation (n=1), dizziness (n = 1) and stiffness (n = 2).

There was no conclusive difference in weight gain (kg) for risperidone compared with clonidine (MD 2.00,
95% Cl-1.66 to 5.66; n=21) (Figure 162). It was reported that there were no significant differences in
changes in systolic or diastolic BP or pulse and no apparent pattern in laboratory test abnormalities for
risperidone compared with clonidine and no significant changes in ECG in either group.

Moderators of effectiveness It was reported that improvement in tic symptoms was consistent across
the range of ages and did not differ significantly between male and female participants and that the
degree of improvement in tic symptoms was not significantly related to the baseline severity of ADHD or
OCD symptoms.'®
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Fluvoxamine versus sulpiride

Tics In the crossover study of fluvoxamine compared with sulpiride,™' the YGTSS global scale was used to
measure changes in tics and impairment. Results were inconclusive for post-treatment global score for
fluvoxamine compared with sulpiride (SMD 0.23, 95% Cl -0.30 to 0.77; n=11) (Figure 163).

Impairment Impairment was rated as part of the YGTSS global score but no separate impairment scores
were reported.

Psychological well-being No scales were used to measure outcomes of psychological well-being but it is
reported that two participants dropped out owing to severe depression while in the sulpiride phase of
the trial.

Overall clinical outcome No relevant studies reported this outcome.
Long-term outcome No relevant studies reported long-term outcomes.

Safety Adverse effects reported during fluvoxamine compared with sulpiride treatment are shown in
Figure 164. For outcomes with greater than two adverse effects, there was no conclusive difference in
rates of mild-to-moderate depression (RR 0.14, 95% Cl 0.01 to 2.48; n=11), mild and transient nausea
(RR 9.00, 95% Cl 0.54 to 149.50; n=11) and akathisia (RR 1.00, 95% Cl 0.17 t0 5.89; n=11).

Levetiracetam compared with clonidine

Tics In the mixed crossover study of levetiracetam compared with clonidine,’? the effect on tics was
assessed using the YGTSS total tic scale. Post-treatment total tic score was inconclusive for levetiracetam
compared with clonidine (SMD -0.22, 95% Cl -0.78 to 0.34; n=10) (Figure 165).

Impairment No separate results for impairment are presented but results for the YGTSS global scale
(combination of tic and impairment score) were given. Results for post-treatment global score were inconclusive
for levetiracetam compared with clonidine (SMD -0.33, 95% CI-0.90 to 0.24; n = 10) (Figure 166).

Psychological well-being

Anxiety Anxiety was measured using the MASC. Post-treatment anxiety results were inconclusive for
levetiracetam compared with clonidine (SMD —0.16, 95% Cl —-0.72 to 0.40; n=10) (Figure 167).

Depression. Depression was measured using the CDI-S. Post-treatment depression results were inconclusive
for levetiracetam compared with clonidine (SMD 0.08, 95% Cl-0.48 to 0.63; n = 10) (Figure 168).

Overall clinical outcome Overall clinical outcome was assessed using the CGl-Severity scale.
Post-treatment CGI-Severity results were inconclusive for levetiracetam compared with clonidine
(SMD -0.16, 95% CI -0.72 to 0.40; n=10) (Figure 169).

Long-term outcome No relevant studies reported long-term outcomes.

Safety The proportion of participants with different adverse effects for outcomes with more than four
events is shown in Figure 170. There was no conclusive difference in rates of irritability (RR 1.33, 95% ClI
0.40 to 4.49; n=10), anxiousness (RR 0.75, 95% Cl 0.22 to 2.52; n=10), aggression (RR 0.67, 95% ClI
0.14 to 3.17; n=10) or tiredness/sleepiness (RR 0.40, 95% Cl 0.10 to 1.60; n=10) for levetiracetam
compared with clonidine.
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INTERVENTIONS FOR TICS IN CHILDREN AND ADOLESCENTS

Clonidine compared with desipramine

Tics For the crossover study of clonidine compared with desipramine,'' it was reported that there was no
significant motor or vocal tic suppression for clonidine or desipramine compared with placebo when assessed
with the Shapiro TSSS or the Hopkins scale or YGTSS scale. There was a significant effect on the parent
linear analogue scale and results for this outcome are reported. Post-treatment parent linear analogue score
favoured desipramine compared with clonidine (SMD 2.12, 1.58 to 2.66; n=34) (Figure 1717).

Impairment No relevant studies reported TS-related impairment.

Psychological well-being Results for the whole sample are not reported, but for boys aged > 12 years,
post-treatment anxious teacher subscale score was lower for desipramine than clonidine (SMD 0.40,
95% C1 0.09 to 0.71; n=34) (Figure 172).

Overall clinical outcome No relevant studies reported this outcome.
Long-term outcome No relevant studies reported long-term outcomes.

Safety The number of adverse effects were similar for clonidine compared with desipramine (RR 1.08,
95% Cl 0.84 to 1.37; n=34) (Figure 173).

Transdermal clonidine compared with haloperidol

Tics In the study of transdermal clonidine compared with haloperidol,’? tics/impairment was measured
with a Chinese version of the YGTSS global scale. There was a greater reduction from baseline in global
score for clonidine patch than haloperidol (SMD -0.38, 95% Cl -0.75 to —-0.02; n=119) (Figure 174) and
a possible greater reduction for clonidine patch than haloperidol in the proportion of children with >50%
reduction in global score (RR 0.55, 95% CI 0.29 to 1.05; n=119) (the RR presented here is the RR of not
achieving > 50% reduction) (Figure 175).

Impairment No relevant studies reported TS-related impairment.

Psychological well-being No relevant studies reported this outcome.

Overall clinical outcome No relevant studies reported this outcome.

Long-term outcome No relevant studies reported long-term outcomes.

Safety There was no conclusive difference in rates of low BP, muscle tension (RR 0.17, 95% Cl 0.01 to
3.40; n=119) or fatigue (RR 0.09, 95% CI 0.01 to 1.68; n=119) for clonidine patch compared with

haloperidol (Figure 176).

Clinical evidence summary
Five studies made comparisons between drugs of different classes:

risperidone compared with clonidine’°
sulpiride compared with fluvoxamine'’
clonidine compared with levetiracetam’?
clonidine compared with desipramine’
haloperidol compared with clonidine patch.'™?

uhwN =

The evidence for all studies was graded as low or very low quality (see Appendix 4, Tables 44-48).
All studies showed inconclusive results.
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INTERVENTIONS FOR TICS IN CHILDREN AND ADOLESCENTS

Conclusion

It is difficult to draw firm conclusions as it is not clear whether or not these studies were adequately
powered to test non-inferiority between different drug classes. The most important findings to consider
involve comparisons between drugs that have established benefits over placebo. The comparison between
risperidone and clonidine suggests that there are unlikely to be clinically important differences between
antipsychotic drugs and noradrenergic agents in reducing tics. However, there is evidence that
noradrenergic agents may have better global outcomes and a more favourable adverse effect profile

than antipsychotics.

Overall conclusions from pharmacological intervention trials

Antipsychotics and noradrenergic agents are the only classes of drug with clear RCT evidence of short-term
clinical effectiveness for treating tics in children and young people with TS. The size of effect on tic
reduction for antipsychotics and noradrenergic agents is moderate to large and is likely to be clinically
meaningful. Among noradrenergic agents, clonidine and guanfacine have the best evidence for clinical
effectiveness; however, only clonidine is available and licensed in the UK. Overall, head-to-head studies
suggest that there are unlikely to be important clinical differences in tic reduction among antipsychotics
and between antipsychotics and noradrenergic agents. Antipsychotics are known to produce a range

of adverse effects including weight gain, metabolic and cardiac conduction disturbances and EPS.
Furthermore, the pattern of adverse effects differs between antipsychotics. Clonidine and guanfacine have
a similar adverse effect profile that includes dose-dependent sedation, bradycardia and hypotension.
Although most studies have not been designed to be adequately powered to address moderating effects,
there is no clear evidence that the effectiveness of antipsychotics or noradrenergic agents is moderated by
either tic severity or comorbidity.

Topiramate, pergolide, metoclopramide and desipramine are other agents with RCT evidence that suggests
they may be effective in reducing tics. However, the known adverse effect profiles of these drugs, balanced
against relatively weak evidence of benefits, means that these agents are unlikely to be considered clinically
useful for the treatment of tics in children and young people with TS. Among these drugs, desipramine

has been withdrawn from use in the UK and pergolide is rarely used owing to concerns over the risk of
pulmonary and pericardial fibrosis.

A number of other agents are used primarily to treat comorbid TS and ADHD (e.g. stimulants and
atomoxetine) and comorbid TS and OCD/OCSs (e.g. fluoxetine). There is clear RCT evidence that, in the
short term, neither stimulants nor fluoxetine significantly exacerbates or worsens tics and in fact,
atomoxetine may reduce tics.

Finally, the following agents have been subjected to RCTs and have been shown not to be clinical effective
for treating tics: levetiracetam, selegiline, pramipexole, mecamylamine, ondansetron, baclofen, omega-3
fatty acids and transdermal nicotine patches.

In summary, the balance of clinical benefits to harm favours noradrenergic agents (e.g. clonidine) as first-line
drug treatments for tics, with antipsychotics (e.g. risperidone or possibly aripiprazole) reserved for treatment
of tics when clonidine is either ineffective or poorly tolerated. When treating comorbid conditions (e.g. TS
plus ADHD, and TS plus OCD/OCSs) there is no evidence that first, the presence of comorbidity moderates
the effects antitic treatment and second, that drug treatments for comorbid ADHD (e.g. with stimulants or
atomoxetine) or comorbid OCD/OCSs (e.g. with fluoxetine) worsens or exacerbates tics.
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Behavioural interventions

Introduction

Behavioural interventions aim to improve symptoms through sessions of counselling with a therapist.

These interventions have included HRT, the CBIT, ERP, negative (massed) practice, relaxation therapy, anger
control (AC) training and parent training. There have been a number of reviews and clinical guidelines of
behavioural therapies, but no quantitative meta-analyses of treatment outcomes appear to have been
conducted to date.

Habit reversal training

Habit reversal training was originally based on Azrin and Nunn's (1973) behavioural model in which tics
were assumed to result from repetition of a normal, or trauma-induced, habit that has been reinforced by
repetition over time.'** It is proposed that tics occur in response to a premonitory urge and, by associating
another competing response with that urge, tics can be inhibited. HRT aims to equip patients with the
knowledge, skills and strategies to avoid performing tics and includes components of awareness training,
competing response practice, habit control motivation and generalisation training.™*

® Awareness training aims to make the patient conscious of their tics and the accompanying premonitory
urges (uncomfortable sensory experiences that precede many tics), by describing them to the therapist
in great detail and noticing each instance of urges and tics and situations in which they are likely
to occur.™*

® Competing response training involves learning competing motor and/or vocal responses which can be
prompted by tic urges, in order to physically impede tics until the urge subsides’™* and a number of
established responses have been developed for use.'® These actions are designed to be inconspicuous,
able to be maintained for several minutes and act to strengthen motor or vocal responses antagonistic,
or different, to those involved in tics.'*

® Habit control motivation aims to motivate patients to tic control through reviewing inconveniences and
embarrassments related to tics, praising successful control, involving family and friends and prompting
patients to maintain their practice.

® Generalisation training aims to help patients contextualise their preventative actions in everyday
situations. This involves imagining common tic-eliciting situations and performing the competing
movement in response the urge to tic.”*

Comprehensive behavioural intervention for tics

Comprehensive behavioural intervention for tics is a behavioural intervention, with habit reversal as its
primary component.'® CBIT is similar to HRT but contains additional elements of relaxation training and
training to identify and modulate situations that sustain or worsen tics.”® Another difference between HRT
as it was initially introduced by Azrin and Nunn'* and the current more widely used CBIT programme is that
the competing response developed is now not necessarily an action to strengthen muscles incompatible
with tic expression. It is proposed that other responses act as activities that the individual implements as
they habituate to the premonitory urge and subsequently avoid tics. Evidence of this is given because an
implemented competing response may not always be physiologically incompatible to the identified tic.

The evidence for the link between premonitory urge and tic inhibition is inconclusive'” but it is currently the
rationale for CBIT. Current guidelines recommend HRT/CBIT for use in children and adults.&'°

Exposure and response prevention

Exposure and response prevention is based on the theory that tics are performed in order to dispel the
premonitory urge sensation that precede them.'®® ERP aims to habituate patients to these sensations so
that their effect is reduced and patients can avoid performing the tic. ERP involves exposing patients to tic
eliciting prompts and sensations and encouraging them to resist their tics.’®® Unlike in HRT/CBIT, no
competing response is used, but patients are repeatedly encouraged by their therapist to try harder to
resist their tics.’®® Tic suppression training is first given without tic elicitation and then, in subsequent
sessions, patients are encouraged to concentrate on pre-tic sensations to induce the urge to tic.'®® Social
support, relaxation and contingency management are also components included in the ERP programme.'®
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Current guidelines recommend the use of ERP in adults and children.'®'°

Negative (massed) practice

With a similar underlying model to that of habit reversal, negative, or massed, practice is based on the
concept that tics are initiated by some kind of trauma and, with reinforcement through association with
fear cessation, they develop as learned habitual behaviours.”™" The rationale for negative practice is that
tics are behaviours that have reached their maximum habit strength and, by building an opposing habit of
not performing the tic, they can be avoided.' In negative practice, patients are instructed to repeatedly
perform their tics for a specified period of time (e.g. 30 minutes) and, when the drive to tic dissipates, they
rest. A reduction in the drive to tic is consequently associated with not performing it and, with repeated
negative practice, a habit of not performing tics is developed.' Currently, guidelines do not recommend
the use of negative practice.’®'*°

Relaxation therapy

Relaxation training has been studied for the treatment of tic disorders but mostly in combination with
other behavioural interventions' and CBIT and ERP identify relaxation training as an adjunct treatment.
Components of relaxation training sessions may include review of the rationale behind relaxation practice
of progressive muscular relaxation and therapist-lead relaxation exercises.®?

In one current guideline, relaxation therapy is recommended as a second-line behavioural therapy'™® but,
in another, no recommendation regarding relaxation training is made."™

Anger control training

Anger control training has been developed for use in children. It is based on CBT and has been conducted
in a variety of settings such as schools and outpatient and inpatient facilities.’®® In recent guidelines, no
recommendation regarding AC training is made.'*®'°

Parent training

Parent training programmes have frequently been used for parents of children with ADHD and one study has
evaluated the use of the approach in the treatment of children with tic disorders.'® Components of treatment
may include training for effective child behaviour management, classroom behaviour modification and
academic interventions and special educational placement with family therapy in problem solving and
communication skills and the co-ordination of school resources.'® Parent training was not assessed in recent
guidelines™®' and no recommendation regarding its use for children with tic disorders has been made.

The search obtained seven studies of behavioural interventions for children and young people with TS
(see Appendix 3, Table 10). The search also obtained four behavioural intervention studies in adult or
mixed populations that were considered as supporting evidence.

The types of studies are shown below:

CBIT compared with SP (one child'® and one adult study'®®)

HRT compared with SP (two adult studies'’'¢8)

HRT compared with waiting list control (one child study'®)

HRT compared with negative practice (one mixed study'”°)

HRT compared with ERP (one child study'")

Videoconference CBIT compared with face-to-face CBIT (one child study'’?)
Relaxation training compared with minimal therapy (one child study'’3)

AC training compared with TAU (one child study'*)

Parent training compared with TAU (one child study'®*).

Study characteristics for behavioural intervention studies are given in Appendix 3, Table 10.
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Habit reversal training/comprehensive behavioural intervention for tics

Habit reversal training/comprehensive behavioural intervention for tics
compared with control

Study characteristics

Five RCTs compared HRT/CBIT with a control group (see Appendix 3, Table 10). Two of the studies
investigated CBIT'®'® and three investigated HRT."®'® Two studies were conducted in child
populations'™®'® and three in adults.’'®® |n four studies, HRT or CBIT was compared with Sp'61667168
and in the other, HRT was compared with a waiting list control group.'®

The four studies that compared HRT or CBIT with SP used similar methods. Treatment duration varied
between studies and lasted for 10 weeks in two studies'*'®® and 20 weeks in the other two studies.'®”'¢®
Outcome was assessed post intervention and, in three studies,™® %% mid-way through treatment. The
study that used a waiting list as the control group'®® delivered an average of 20 sessions of HRT over
8-11 months but the waiting list control was only for 3 months (in this review, outcome assessment at

3 months is used for both study arms so that intervention/control findings are compared at the same time
point). In these studies, 25-53% of participants were on other medications. In studies for which the type
of current medication was reported, %6168 there were most commonly antipsychotics, noradrenergic
agents (clonidine or guanfacine) or SSRIs.

All HRT/CBIT studies reported that the primary elements of the behavioural intervention were tic awareness
training, self-monitoring, relaxation training, competing response training and contingency management
and as the components of these interventions appeared to be similar, the studies were combined in the
meta-analysis.

Risk of bias

For studies of HRT/CBIT, three reported their method of randomisation®'%¢'® but none of the studies had
clear evidence of allocation concealment. All studies used SP as the control group except for one,'® in
which a waiting list control was used. SP was considered to be a suitable control as it avoided some forms
of performance bias (general effect of the therapy process) but the waiting list control group was not
considered a suitable control. Because of the person-delivered nature of behavioural intervention studies,
none of the studies could blind participants and providers to intervention allocation.

Only two of the studies stated that outcome assessors were blinded to randomisation allocation'®'% and
for the remaining studies, the risk of detection bias was unclear. Four of the studies were considered to
have reasonably addressed missing outcome data. In these studies, dropout was relatively low and data for
participants with at least one post-baseline measurement,'®'% or post 8-week data,'®”'®® were carried
forward for the analysis. In the other study, there was considered to be some potential risk of bias as a
high proportion of participants dropped out of the study and only available data were used in the
analysis."® It is unclear whether or not the participants dropping out were adults or children (only the child
data were used for this review) and the risk of attrition bias was, therefore, unclear.

Overall, one of the child™® and one of the adult'®® studies were considered to be of low risk of bias and
the remaining child'® and two adult'®”'®® studies were considered to be of high or unclear risk of bias,
primarily owing to the use of a waiting list control group in the child study and to the uncertainty around
blinding of outcome assessors in the two adult studies.
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Clinical evidence for habit reversal training/comprehensive behavioural intervention
for tics compared with control

As HRT and CBIT appear to have had very similar training components, for this analysis these studies
have been combined. The HRT/CBIT compared with SP studies used the YGTSS to measure tic severity after
10616 or 20678 weeks of intervention, while the study of HRT compared with a waiting list control
group'®® measured tic frequency using 10-minute video records after 12 weeks of intervention. The
reduction from baseline in total tic severity/frequency was greater for HRT/CBIT than for control in child
(SMD -0.64, 95% Cl -0.99 to —-0.29; n=133) and adult studies (SMD -1.23, 95% Cl -2.06 to -0.39;
n=172) (Figure 177). There was no heterogeneity between studies of children (2 =0%) but significant
heterogeneity between adult studies (2 =77%). There was little evidence of a difference between child
and adult studies (2= 38.5% for subgroup differences).

For studies measuring YGTSS total tic score, the magnitude of effect in terms of the YGTSS is shown in
Figure 178. The mean change from baseline in YGTSS total tic rating for HRT/CBIT compared with SP was
-4.1 (95% Cl -6.31 to -1.8; n=126) in children and =7.29 (95% Cl -13.4 t0 -2.79; n=172) in adults.

One child™® and one adult'®® CBIT study presented separate data for YGTSS motor and vocal tic ratings.
Mean reduction from baseline in motor tic rating suggested a benefit for CBIT compared with SP in the
child (SMD —-0.45, 95% CI -0.81 to -0.10; n=126) and adult studies (SMD —0.62, 95% CI —-1.00 to
—0.24; n=113) (Figure 179).

For vocal tic rating, results suggested a benefit for CBIT compared with SP in the child (SMD -0.54,
95% Cl-0.9 to —0.19; n=126) and adult study (SMD -0.41, 95% CI -0.78 to —0.03; n=113)
(Figure 180).

One child™® and two adult'®'®’ studies presented impairment results in terms of YGTSS
impairment score (Figure 187). The change from baseline YGTSS impairment score favoured HRT/CBIT
compared with SP in the child study (SMD -0.51, 95% CI —0.87 to —0.16; n=126) and in the adult study
(SMD -0.50, 95% CI -0.86 t0 —-0.15; n=142).

In one study of children,'® impairments in functioning within the
family and school environment were assessed using the Family Assessment Measure-Ill. In one study of
children,™® impairments in functioning within the family and school environment were assessed using the
Family Assessment Measure-lll (short form), Caregiver Strain Questionnaire, Social Adjustment Scale
Self-Report and subscales of the Child Behaviour Checklist (CBCL)."® There was no evidence of benefit
for CBIT compared with SP for changes from baseline in the Family Assessment Measure for children
(SMD -0.02, 95% Cl -0.37 to 0.33; n=126) or adults (SMD 0.16, 95% Cl -0.19 to 0.51; n=126), or for
the Caregiver Strain Questionnaire (SMD —0.02, 95% Cl -0.37 to 0.33; n=126), Social Adjustment Scale
Self-Report — family (SMD —0.15, 95% CI —0.50 to 0.20; n = 126), friends (SMD -0.08, 95% Cl| -0.43 to
0.27; n=126) or school functioning measures (SMD 0.10, 95% Cl —-0.25 to 0.45; n=126), or the CBCL
activities (SMD 0.17, 95% Cl -0.18 to 0.52; n=126), social (SMD 0.08, 95% C| —-0.27 to 0.43; n=126),
school (SMD -0.05, 95% Cl -0.40 to 0.30; n=126) or total competency (SMD 0.04, 95% Cl -0.31 to
0.39; n=126) subscales.

In one study of children,'® results for the Screen for Child Anxiety Related Emotional Disorders
completed by children and their parents are reported in a later publication.'® There were similar changes
in anxiety scores from baseline to follow-up for CBIT compared with SP as assessed by children (SMD
—-0.10, 95% Cl -0.45 to 0.25; n=126) and their parents (SMD -0.15, 95% C| -0.50 to 0.20; n=126)
(Figure 182).
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Depression One study in children'® and one in adults'®® report changes in patient depression. The child study
used the CDI and the adult study used the Beck Depression Inventory. There were similar changes in
depression scores for HRT/CBIT compared with SP in the study of children (SMD -0.22, 95% CI-0.57 to 0.13;
n=126) and adults (SMD 0.01, 95% CI-0.70 to 0.73; n = 30) (Figure 183).

Overall clinical outcome One study in children'™® and two in adults'*'® reported the proportions of
participants showing improvements on the CGl-l scale. A greater number of participants were much or
very much improved for HRT/CBIT compared with SP for the child (RR 2.84, 95% Cl 1.62 to 4.99; n=126)
and adult (RR 5.39, 95% Cl 2.42 to 11.9; n=152) studies (Figure 184). There was no important
heterogeneity between the two adult studies.

One study presented continuous data for the CGI-I scale (1 =very much improved, 7 =very much
worse).'s” After the 20-week intervention, mean CGI-I score was better for HRT than SP (SMD -1.32,
95% Cl-2.18 to -0.46; n=27) (Figure 185).

Long-term outcomes No studies in children have reported long-term outcomes but two of the adult
studies reported YGTSS total tic rating'®”'®® and one study reported YGTSS impairment rating'®’ at

10 months. Results were analysed including only participants retained in the study at 10 months but, by
this time, approximately one-third of participants had dropped out. Treatment effect size remained similar
to post-treatment effects for both outcomes. HRT showed improvement from baseline compared with SP
for YGTSS total tic score (SMD —1.11, 95% Cl —1.80 to —0.42; n=39) (Figure 186).

However, for YGTSS impairment score, there was no conclusive difference in change from baseline for HRT
compared with SP (SMD -0.42, 95% Cl -1.29 to 0.45; n=21) (Figure 187).

Safety Adverse effects are reported in one child™® and one adult study.’®® There were no significant
differences in event rates apart from a higher incidence of falls/athletic injuries for children undergoing
SP compared with CBIT (19 vs. 7; p=0.02) and a higher incidence of irritability in adults undergoing SP
compared with CBIT (6 vs. 0; p=0.01).

Moderators of effectiveness

Tic severity One adult study conducted a regression analysis to examine the relationship between
baseline tic severity and response to treatment.'®® There was no significant correlation between baseline
YGTSS total tic severity score and post-treatment response (r=0.17; p=0.55).

Age One adult study conducted a regression analysis to examine the relationship between age at tic
onset and response to treatment.'®® There was no significant correlation between age at onset and
post-treatment response (r=0.15; p=0.60).

Comorbidity There are no published RCTs investigating the effects of comorbidity on the outcome of
behavioural interventions in children or adults with tic disorders.

Medication There are no published RCTs investigating the effects of medication in addition to
behavioural therapy in children or adults with tic disorders.

Mode of delivery One study investigated whether or not CBIT was as effective when delivered via
videoconference when compared with face-to-face delivery.”” Twenty children were randomly assigned
to receive eight sessions of CBIT over 10 weeks with a therapist via teleconference or with traditional
face-to-face interaction. The primary components of the CBIT intervention in both modes of delivery were
psychoeducation, HRT, function-based assessment and intervention and relaxation training. Each week,

a new tic was targeted and children were encouraged to practice therapeutic activities every day.
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In the quality assessment of this study, methods for randomisation and allocation concealment were
unclear. It was not possible to blind study participants or providers delivering interventions and, although
both were delivered with a similar time frame and intensity, the risk of performance bias is unclear.
Outcome assessors were blinded to intervention allocation. Two participants dropped out of the
face-to-face group during the 10-week intervention and one dropped out after the post-test assessment
(during follow-up). None dropped out of the videoconference group and the risk of attrition bias is unclear
(analysis was of available case data). Overall, this study was considered to be at low risk of bias.

This study reports changes in tics in terms of the YGTSS total tic score and overall clinical improvement
with the CGl scale. Results were inconclusive for changes from baseline in total tic score (SMD -0.18,
95% Cl-1.11 to 0.75; n=18) (Figure 188) and numbers of children with CGl scored as improved or very
much improved (RR 1.07, 95% Cl 0.64 to 1.77; n=18) (Figure 189) for videoconference compared with
face-to-face delivery.

At the 4-month follow-up, the same pattern was observed. For videoconference compared with
face-to-face delivery, results were inconclusive for changes from baseline in total tic score (SMD -0.32,
95% Cl-1.32 to 0.67; n=16) (Figure 190) and for proportions of children who were CGI-I much or very
much improved (RR 1.30, 95% Cl 0.46 to 3.65; n=16) (Figure 197).

HRT/CBIT studies varied in length and some measured outcomes at different
time points during the intervention. One child'*® and one adult'®® 10-week CBIT study also measured
outcomes at 5 weeks and one adult’®® 20-week HRT intervention also measured outcome at 10 weeks.

For both 10-week intervention studies,'*®'% the effect on YGTSS total tic score in favour of CBIT was
smaller at 5 weeks (SMD -0.32, 95% Cl -0.64 to 0.00; n=239; p=0.08) compared with the final
10-week assessment (SMD —0.62, 95% Cl -0.88 to —0.36; n=239) (Figure 192) (for this comparison, child
and adult study data were combined).

In the 20-week adult study,'®® findings were similar at both 10 and 20 weeks (Figure 193). There was an
advantage of HRT over SP at 10 (SMD —1.53, 95% Cl -2.35 to —0.70; n=30) and 20 (SMD -1.82, 95% ClI
-2.69 to —0.95; n = 30) weeks.

Habit reversal training versus negative (massed) practice

Study characteristics

One mixed study of 22 adults and children (aged 11-62 years) measured changes in the number of tics per
day following HRT compared with negative practice therapy."® In this study, HRT was delivered in one or
two sessions of around 2.5 hours. The primary HRT component was considered to be competing response
training, but the treatment also included a review of inconveniences caused by tics, identification of people
or situations associated with tics, awareness training and relaxation training. Methods were to be practised
and utilised at home between sessions. After the training sessions, telephone contact was maintained,
with reducing contact over time.

For negative practice, in a 2.5-hour session, participants reviewed the difficulties caused by tics, the origins
of their habits and previous treatments. They were given written instructions for the negative practice
technique and discussed the underlying rationale. They were to purposefully perform tics for 30 second
periods with rests over 1 hour, saying to themselves ‘this is what I'm supposed not to do’. They were to
continue the practice each day until their tics subsided and to restart if tics returned. The study does not
report whether or not telephone contact was maintained for participants undergoing treatment with
negative practice. For HRT and negative practice, outcome was assessed after 4 weeks.
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Risk of bias

The method of randomisation was stated but the study was unclear in its use of allocation concealment.
Providers of interventions could not be blinded to treatment allocation and, although this could not be
avoided, the risk of performance bias is unclear. Participants were asked to estimate their own frequency
of tics and there was, therefore, no blinded outcome assessment. At 4 weeks, there was no attrition from
the study and the risk of attrition bias at this time point was low. Overall, the study was considered to be
at unclear risk of bias owing to the lack of patient, provider and outcome assessor blinding.

Clinical evidence for habit reversal training compared with negative (massed) practice

Tics Tic severity was assessed by counts of tic frequency per day by participants. At baseline, median tic
frequency was 425 (range 50-5000) and 450 (range 6-9000) per day in the HRT and negative practice
groups, respectively. At 4 weeks, estimated tics per day reduced by 92% in the HRT group (size of
reduction not reported for negative practice group) and tic reduction was greater for HRT than for
negative practice (SMD —1.74, 95% Cl -2.72 to -0.76; n=22) (Figure 194).

At the end of the intervention, more participants in the HRT group had tic counts of < 1 per day compared
with participants in the negative practice group (RR 0.21, 95% CI 0.06 to 0.77; n=22) (Figure 195).

Impairment No relevant studies reported TS-related impairment.
Psychological well-being No relevant studies reported this outcome.
Overall clinical outcome No relevant studies reported this outcome.

Long-term outcome Long-term outcome was reported for HRT at 18 months but not for negative
practice. At 18 months, one-half of the HRT participants (5/10) remained in the study. For these participants,
the intervention-associated reduction in tics was maintained and was 97 % lower than at baseline.

Habit reversal training compared with exposure and response prevention

Study characteristics
One mixed study of children and adults compared 10 weeks of HRT with 12 weeks of ERP."" The authors
provided IPD and results could therefore be calculated for the child subset (25 out of 43 participants).

In this study, participants were randomised to 10 weekly treatment sessions of HRT or 12 sessions of ERP
(two training and 10 treatment sessions). HRT consisted of awareness and competing response training,

in which participants learnt to detect and describe each tic and then to apply a competing response for

1 minute when a tic was about to occur. In the ERP training sessions, participants were trained to suppress
their tics for increasing lengths of time. In the next 10 ERP treatment sessions, participants were to apply
the response prevention technique over 2 hours and, during these sessions, tics were provoked by asking
participants to concentrate on the sensory experiences of their tics and to take tic-eliciting objects into the
sessions. For both interventions, participants were encouraged to practice exercises at home.

Risk of bias

For this study, the method of randomisation and presence of allocation concealment was unclear.
Providers of interventions could not be blinded to treatment allocation and although this could not be
avoided, the risk of performance bias is unclear. Outcome assessors were blind to intervention allocation so
there was a low risk of detection bias. The risk of attrition bias was low because the rate of dropout of
children was relatively small (4% at mid-point, 20% at end point) and, in the analysis of the subgroup

of child data, intention to treat by last observation carried forward was used. Overall, the study was rated
as low risk of bias but, as this review does not utilise the whole randomised sample of participants

(only the subset of child data), some caution may be necessary when interpreting the findings.
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Clinical evidence for habit reversal training/comprehensive behavioural intervention

for tics

As this review'”" does not utilise the whole randomised sample of participants, the subset of child data
used was checked for baseline similarity. There were no significant differences at baseline in age, sex, age
at onset, duration of disease or use of other medications. However, baseline measure of YGTSS total tic
score approached being significantly different for the different intervention groups [mean HRT 21.9

(SD 7.0), ERP 17.9 (SD 4.1); p=0.08].

Tics The Dutch version of the YGTSS was used to assess patient outcome. This is similar to the standard
YGTSS (motor and tic severity are scored out of 25 each and total tic severity is the sum of both) except
that impairment is scored out of 5 (50 for the standard YGTSS) to give a total score out of 55 (100 for the
standard YGTSS). There was no conclusive difference in change from baseline total tic score for ERP
compared with HRT (SMD -0.43, 95% Cl -1.23 to 0.37; n=25) (Figure 196).

For vocal tic score, there was a greater reduction from baseline for ERP compared with HRT but the
difference was not conclusive (SMD -0.73, 95% Cl —1.55 to 0.09; n =25) (Figure 197).

For motor tic score, there were similar changes from baseline for ERP compared with HRT (SMD 0.08,
95% Cl-0.71 to 0.87; n=25) (Figure 198).

The proportion of children showing > 30% reductions in total tic score was compared. There were similar
numbers of children showing >30% reductions in YGTSS total tic score for ERP compared with HRT
(RR 1.48, 95% Cl 0.70 to 3.15; n=25) (Figure 199).

Impairment Impairment was rated with the Dutch version of the YGTSS (scored out of five) and there
were similar reductions from baseline in impairment score for ERP compared with HRT (SMD 0.04, 95% Cl
—0.75 to 0.83; n=25) (Figure 200).

Psychological well-being No relevant studies reported this outcome.
Overall clinical outcome No relevant studies reported this outcome.

Long-term outcome Follow-up was conducted 3 months after the intervention period. However, for over
half of the participants (58%), this was assessed after they had crossed over and undergone the other
treatment arm (HRT or ERP). The interpretation of these longer-term findings is therefore unclear.

Safety No results for adverse effects were reported for this study.

Moderators of effectiveness IPD were available for this study but, owing to the small sample size
(n=25), investigation into moderating factors was not considered appropriate.

Clinical evidence summary for habit reversal training/comprehensive

behavioural intervention for tics

There was moderate-quality evidence (see Appendix 4, Table 49) from one study in 126 children,’®
suggesting that CBIT produced a medium-sized effect in terms of tics and impairment following a 10-week
intervention. These favourable effects are supported by findings in three studies of adults (n=172).%¢71¢8
The intervention did not produce improvements in measures of social functioning and psychological
well-being (anxiety and depression) in comparison with SP.

The optimum length of intervention is currently unclear but the child study'® provided moderate-quality
evidence that after 5 weeks of treatment there was a small-sized to medium-sized effect on tics and there
was no statistical difference between results after 5 and 10 weeks of intervention (2 for subgroup
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difference =0%; p=0.51). This was not consistent with a study in adults,® for which intervention at
10 weeks, but not 5 weeks, was effective.

One study in 22 adults and children of negative practice compared with HRT'”® provided very low-quality
evidence (see Appendix 4, Table 49) that HRT was more effective than negative practice in treating
tic disorders.

One study in 18 children'”? provided low-quality evidence (see Appendix 4, Table 49) for the impact of
delivering CBIT by videoconference compared with face to face. There were similar changes in tics and
overall clinical change for CBIT when delivered by videoconference compared with face-to-face therapy
(the size of changes in both groups were similar to those observed in Piacentini et al."®) and comparable
efficacy was maintained at the 4-month follow-up.

One mixed study in adults and children compared HRT with ERP."”" For the subsample of 25 children, the
study provided low-quality evidence (see Appendix 4, Table 49) that was inconclusive with regard to
whether or not ERP and HRT were similar in their efficacy.

Conclusion

There is clear RCT evidence that HRT/CBIT is an effective treatment for tics in children and young people
with TS. In head-to-head studies, HRT appears more effective than negative massed practice but there is
no evidence of meaningful differences in clinical effectiveness between HRT and ERP. There is no evidence
that HRT/CBIT is effective in reducing associated symptoms of anxiety and depression in TS. In children and
young people the optimal duration of treatment appears to be between 5 and 10 sessions, with the
suggestion that remotely delivered CBIT (video consultation) may be as effective as face-to-face therapy.
There is currently no evidence available regarding the potential moderating effects of comorbidity and
medication on HRT/CBIT.

Relaxation training compared with minimal therapy

Study characteristics

One study of 23 children compared relaxation training with a control group of minimal therapy.'”® Relaxation
training consisted of six weekly 1-hour sessions covering awareness training, diaphragmatic breathing,
behavioural relaxation training, applied relaxation techniques and electromyographic biofeedback. Children
were expected to spend 25 minutes per day on exercises including self-monitoring of tics, practising relaxation
exercises with an audiotape guide and reading on topics related to breathing, relaxation and biofeedback.
Minimal therapy was also conducted in six 1-hour sessions. Sessions covered awareness training and quiet
time training, in which children listened to tapes of music or environmental sounds. Participants in this group
were also expected to spend 25 minutes per day on exercises. These included daily self-monitoring and
practice logs. Regardless of their assigned treatment group, participants and their families were given the
rationale for their treatment and encouraged with positive expectations of improvement in tics.

Risk of bias

For this study, the method for randomisation is reported but the presence of allocation concealment is
unclear. Minimal therapy was considered to be a suitable control group and attempts were made to ensure
that participants in each group had the same expectations for improvements from therapy. Participants and
providers could not be blinded to treatment allocation and the risk of patient or provider performance bias
is unclear. Outcome assessors were blind to treatment allocation. Sixteen out of 23 randomised children
completed the study. Only data from those completing were analysed and, therefore, there was considered
to be a risk of attrition bias. Overall, largely due to the high rate of attrition, this study was considered to
have an unclear risk of bias.
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Clinical evidence for relaxation training compared with minimal therapy

Tics Changes in tics were assessed with the YGTSS and results reported as the proportion of children
improving/staying the same/getting worse.'” For the global score, the evidence was inconclusive regarding
the proportion of children improving following relaxation training compared with minimal therapy

(RR 0.43, 95% Cl 0.06 to 3.28; n=16) (Figure 207) (the RR presented here is the RR of not improving).

Impairment No separate results for patient impairment were reported but the YGTSS global score
(reported above) includes an impairment rating that constitutes half of the score.’”?

Psychological well-being No relevant studies reported this outcome.
Overall clinical outcome No relevant studies reported this outcome.

Long-term outcome Longer-term outcome was assessed 3 months after baseline measurements
(about 9 weeks post intervention).'”® For the YGTSS global score, the evidence was inconclusive for the
proportions of children who were improved for relaxation therapy compared with minimal therapy
(RR 0.64, 95% Cl 0.16 to 2.56; n=16) (Figure 202) (the RR presented here is the RR of not improving).

Safety No relevant studies reported this outcome.

Moderators of effectiveness Investigators tested whether or not the ability of children to learn relaxation
techniques affected the rate of improvement in measures of the CBCL (no comparison with YGTSS)."”
When children across both treatment groups with improved behavioural relaxation scores (measure of
ability to relax) (n = 8) were compared with those with unchanged behavioural relaxation scores (n=6),
there was no significant difference in change from baseline scores for any of the elements of the CBCL.

Clinical evidence summary: relaxation training
There was very low-quality evidence (see Appendix 4, Table 53) from one study in 16 children'”® that was
inconclusive with regard to the effect of relaxation therapy compared with minimal therapy.

Conclusion
There is no clear evidence that relaxation therapy, when delivered in isolation, is an effective treatment for
tics in children and young people with TS.

Anger control training
Anger control training compared with treatment as usual

Study characteristics

One study in 26 young people with both TS and disruptive behaviour compared the efficacy of AC training
with TAU'* The young people were randomised to attending 10 weekly 1-hour sessions of AC training, or
to continue with their usual treatment. AC training consisted of 10 1-hour sessions including, in sessions
1-3, education about anger triggers, experience and expression followed by practice of common arousal
management skills such as deep breathing, muscle relaxation and positive imagery; in sessions 4-6,
cognitive restructuring and practising problem solving skills; and, in sessions 7-9, behavioural practice of
skills for preventing or resolving potentially anger-provoking situations with friends, siblings, parents and
teachers. Children allocated to TAU, as well as those allocated to AC training, continued to see their
treating clinicians and were treated according to usual practice, commonly including patient education,
clinical monitoring, medication management and school consultations as needed.
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Risk of bias

The method for randomisation was stated for this study but the presence of allocation concealment was
unclear. The control group, TAU, was not considered to be suitable as it did not include elements of the
intervention that were not specific to AC training (e.g. time spent in counselling, attention given, etc.) and
was likely to have led to some performance bias. Participants and providers could not be blinded to
treatment allocation and, although this could not be avoided, the further risk of performance bias from the
actions/perceptions of participants or providers is unclear. Outcome was assessed by an evaluator who was
blind to treatment allocation. It is stated that this evaluator conducted measurement of the CGI-I scale
rating and it seems likely that this was also the case for the measurement of the YGTSS. However, for
outcomes assessed by parents (CBCL, Family Assessment Device, etc.) who were not blind to treatment
allocation, outcome assessment was not blind to treatment allocation. It was reported that there were no
dropouts from the study and the risk of attrition bias may be low. Overall, largely due to the unsuitability
of the control group and no blinded outcome assessment for parent-rated outcomes, this study was
considered to have an unclear risk of bias.

Clinical evidence for anger control training

Tics Changes in tics were assessed with the YGTSS total tic score. There was no conclusive difference in
reduction from baseline total tic score for AC training compared with TAU (SMD —-0.58, 95% Cl -1.37 to
0.20; n=26) (Figure 203)."*

Impairment The CBCL was used to measure intervention effects on behavioural change and the

total competence component measures competence in social, school and community activity. CBCL total
competence score showed greater improvement in the AC training compared with the TAU group

(SMD -1.18, 95% Cl —-2.01 to -0.35; n=26) (Figure 204).

The Family Assessment Device general functioning scale was rated by parents to assess family functioning.
There were similar changes from baseline in family functioning for the AC than for the TAU group
(SMD -0.42, 95% CI -1.20 to 0.35; n=26) (Figure 205).

Psychological well-being No relevant studies reported this outcome.

Overall clinical outcome Overall clinical outcome (based on improvements in all types of behaviour and
not specific to improvements in TS) was assessed using the CGI-l scale. A greater proportion of children
were rated much or very much improved following AC training compared with TAU (RR 0.36, 95% Cl
0.16 to 0.85; n=26) (Figure 206) (the RR presented here is the RR of not being much nor very

much improved).

Long-term outcomes At 3 months post intervention, follow-up findings were reported but only for the
group that underwent AC training (n = 13). Eight of these children were still rated as much or very much
improved on the CGI-l scale.

Safety No relevant studies reported this outcome.

Clinical evidence summary for anger control training

One study in 26 young people with TS and disruptive behaviour' provided low-quality (for tics) or very
low-quality evidence (for other outcomes) (see Appendix 4, Table 54) for the efficacy of AC training
compared with TAU. Findings favoured AC training for tics, total competence (CBCL total competence
score) and overall clinical outcome (CGI much or very much improved).

Conclusion

Anger control training may be an effective treatment for improving overall outcomes and tics in children
and young people with comorbid TS and disruptive behavioural disorders. However, the low quality of
evidence means that caution must be applied to this finding.
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Parent training compared with treatment as usual

Study characteristics

One RCT evaluated parent training in children with both tic disorders and disruptive behaviour.™
Twenty-four children with TS or CTD and moderate-to-severe disruptive behaviour were randomised to a
structured 10-session programme for parent management in addition to their usual treatment, or to TAU.

Parent training consisted of 10 sessions in which skills were taught through the use of modelling, role play
and corrective feedback. Training aimed to improve parental competence in dealing with their child’s
behavioural problems, increase caregivers’ understanding of the origins of non-compliant and defiant
behaviour, improve the child’s compliance with parental instructions and decrease family conflict. Core
skills that were taught included providing positive reinforcement for appropriate behaviour, communicating
directions effectively and being consistent with consequences for disruptive behaviour, as well as
techniques of positive attending, selective ignoring, token economies and timeout. Assignments to
implement skills at home were given after each session.

Treatment as usual was maintained for children in both groups, in which they continued to be treated
according to usual practice, commonly including patient education, clinical monitoring, medication
management and school consultations as needed. Study participants were also allowed to receive other
community clinical services, such as child individual psychotherapy and school-based mental health services,
but were asked not to initiate new treatments, or stop existing treatments, during the course of the study.

Risk of bias

The method for randomisation and the presence of allocation concealment was unclear. The control group
(TAU) was not considered to be suitable as it did not include elements of the intervention not specific to
parent training (e.g. time spent in counselling, attention given, etc.) and was likely to have caused aspects
of performance bias. Participants and providers could not be blinded to treatment allocation and although
this could not be avoided, the further risk of performance bias from the actions/perceptions of participants
or providers is unclear. It is unclear whether or not outcome assessors of all measures were blind to
treatment allocation (it is only stated that assessment of CGI-I was blinded). Of 24 randomised children,
23 completed the study and, although data analysis was of available cases, the risk of attrition bias was
considered to be low. Overall, largely due to the unsuitability of the control group and unclear blinded
outcome assessment, this study was considered to have an unclear risk of bias.

Clinical evidence for parent training versus treatment as usual

Changes in tics were assessed with the YGTSS total tic score. There were similar changes from
baseline in total tic score for parent training, compared with TAU (SMD 0.29, 95% Cl -0.53 to 1.12;
n=23) (Figure 207).

No results for patient impairment were reported for this study but the family impact of the
tic disorder was assessed using the Parenting Stress Index-Short Form. There were similar changes in
parenting stress scores for parent training compared with TAU (SMD -0.12, 95% Cl -0.94 to 0.70; n=23)
(Figure 208).

No relevant studies reported this outcome.

Overall clinical outcome (based on improvements in all types of behaviour and
not specific to improvements in TS) was assessed using the CGl-l scale. A greater number of children were
CGI much or very much improved following parent training compared with TAU (RR 0.44, 95% CI 0.19 to
0.99; n=23) (Figure 209) (the RR presented here is the RR of not being much or very much improved).
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INTERVENTIONS FOR TICS IN CHILDREN AND ADOLESCENTS

Long-term outcome No relevant studies reported long-term outcomes.
Safety No relevant studies reported this outcome.

Clinical evidence summary for parent training

One study of 23 children'®* provided very low-quality evidence (see Appendix 4, Table 55) for the use of
parent training compared with TAU. There was no clear difference in overall tic/impairment outcome, but
parent training improved overall clinical outcome. The aim of this intervention primarily seems to have
been to address behavioural issues and overall clinical outcome related to changes in behaviour as well as
TS symptoms.

Conclusion
Although parent training may improve general behavioural outcomes, there is no clear evidence that
parent training is an effective treatment for tics in children and young people with TS.

Overall conclusions from behavioural intervention trials

There is clear evidence that HRT/CBIT produces improvements in tics that may be clinically meaningful.
Shorter intervention than the standard 10-session CBIT course may be effective but the optimum length of
treatment is currently unclear. There is some evidence that delivering HRT/CBIT via video consultation
(telemedicine) may be as effective as face-to-face therapy; however, further research is required before
firm conclusions can be drawn. There is no evidence that the effects of HRT/CBIT are moderated by tic
severity. However, there remain important gaps in the evidence concerning the benefits of behavioural
interventions in the presence of comorbid conditions and the effects of combining behavioural and drug
interventions for tic disorders. There is little evidence for the effect of behavioural interventions on QoL and
longer-term outcomes.

There are no RCTs of negative massed practice or ERP compared with control interventions. However,
head-to-head comparisons suggest that HRT is a more effective intervention than negative practice, while
HRT and ERP may be equally effective interventions for tics.

Currently, there is no clear evidence to suggest that relaxation therapy in isolation is an effective treatment
for tics. AC training may be a useful intervention for young people with tics and comorbid disruptive
behaviour and behaviour problems may be improved by parent training, although there is no evidence that
parent training is an effective treatment for tics.

Overall, the quality of evidence for behavioural interventions other than HRT/CBIT is low and, therefore,
conclusions drawn from this evidence must be treated with caution. In summary, future research will
need to consider how behavioural interventions are best combined with medication, the potential for
alternatives to face-to-face delivery of therapy and whether or not the effects of behavioural interventions
are sustained over time.
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Physical interventions

Introduction
A number of physical interventions have been used to treat TS, including DBS, rTMS, intravenous (i.v.)
immunoglobulin, botulinum toxin and acupuncture.

Deep brain stimulation

Deep brain stimulation is an invasive procedure that has been used to treat movement disorders such as
Parkinson’s disease, essential tremor and dystonia.'’® It has also, more recently, been used to treat
psychiatric disorders such as resistant depression and OCD."” DBS aims to correct disorders by sending
electrical impulses to the brain to modulate brain activity in specific regions. Surgery is performed to make
a small hole in the skull through which an electrode is positioned on the brain using imaging techniques,
stereotactic atlases and microelectrode recordings.® A lead connects the electrode to a pulse generator
inserted under the skin in the chest or abdomen. The generator transmits tiny electric pulses to the
electrode resulting in stimulation of the surrounding brain. This stimulation interrupts the brain signals that
are thought to be responsible for the unwanted behaviour. The generator is programmed by a transdermal
unit that can be adjusted to vary settings and optimise therapy.'”®

Deep brain stimulation has been applied for the treatment of TS in place of ablative neurosurgery. It was
first used in 1997'7° and it has been estimated that around 100 DBS operations have been conducted to
date.”™® DBS has predominantly been performed in adults — the youngest patients treated for TS being

16 years of age.'® DBS has been applied to different areas of the basal ganglia and nearby structures, but
the optimum target has been a source of controversy. It appears that, although many different targets may
be used,' different patients may benefit from stimulation of different areas of the brain."® There is little
reported on adverse effects” but surgery-associated morbidity (e.g. haemorrhage, infection and fracture)
for all indications has been estimated at 3-4% of patients."”® There is little information on other adverse
effects affecting cognition and emotional well-being and the long-term impacts are currently unknown.

Current guidelines recommend DBS for use in patients with:

chronic and severe TS (YGTSS total tic score of > 35)

severe functional impairment

previous failed treatment with conventional TS medications and previous consideration/treatment with

behavioural therapy

stable, optimised, treatment of comorbidities

no medical, physical or social contraindications for DBS.'%*177.182.183
Although DBS has been performed in TS patients < 18 years of age,’' TS guidelines only recommend its
use in adults. There is some variation in the lowest recommended age for DBS; patients > 25 years,'®
> 20 years'’” and > 18 years.'®®

Repetitive transcranial magnetic stimulation

Transcranial magnetic stimulation is a non-invasive method of brain stimulation in which an electric coil is
used to induce a magnetic field over the scalp. This induces circular electrical (eddy) currents in the brain
that in turn cause stimulation of neurons and muscle activity.'®* Repeated stimulation with short bursts

of high-frequency stimulation has been shown to be effective in inducing long-term changes in the
excitability of synapses of the motor system in animal studies and rTMS has been applied for the treatment
of movement disorders in humans.'® Very high intensity rTMS can induce seizures and guidelines
recommend limits on the maximum stimulation intensity.’® The intensity of stimulation is often determined
relative to a person’s resting motor threshold (minimum intensity needed to cause a response in the

target muscle)'® reducing intensity settings to safe limits. The use of rTMS has mainly been focused on
application to Parkinson’s disease but it has also been used for dystonia and TS.'8
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Repetitive transcranial magnetic stimulation is considered to be safe'®* and suitable for use in children.'®
Current guidelines do not recommend the use of rTMS for treatment of children with TS but only for use
in the context of research studies.™

Intravenous immunoglobulin

Intravenous immunoglobulin been proposed for the treatment of children with PANDAS. For this
population, where infection is believed to trigger an autoimmune reaction that precedes the onset of
symptoms, i.v. immunoglobulin may be administered to remove the infection with the aim of subsequently
reducing TS-like or OCD-like symptoms. It has been proposed that infection may be implicated more widely
in childhood-onset TS and OCD'® and intervention with immune modulating agents in a more general

tic disorder/OCD population may be effective.’ Owing to the risks associated with treatment, this
approach is not currently recommended and its use is limited to children with associated evidence of severe
encephalopathy or evidence of immune mediated disorder, such as positive antineuronal antibodies.'®®

Botulinum toxin

Botulinum toxin (Botox®, Allergan) is an agent produced by the bacteria Clostridium botulinum. It has the
ability to impede nerve function, resulting in reduced contraction of muscle fibres'®® and has been used to
induce temporary muscle weakness for the treatment of movement disorders.’ Injections of botulinum
toxin have been used to treat motor tics in people with TS, particularly those with a singular, problematic
tic, or tics in a singular muscle group.™°

Botulinum toxin has been considered reasonably safe but risks may be associated with errors in dosing or
injection site'®® and injection into some areas may be particularly vulnerable (e.g. laryngeal and soft-palette
botulinum toxin can lead to complications in swallowing). It is considered to be effective for the treatment of
some movement disorders and has been recommended as a possible treatment for tics;'?"'® however, recent
TS guidelines give no recommendations on its use.'**'®

Acupuncture

Acupuncture is an ancient form of treatment that originated in China. Very thin metal needles are inserted
into specific points on the surface of the body with the aim of improving health and well-being.’®® There
is no consensus on the proposed mechanism of action. Although some propose biological mechanisms,
Chinese tradition claims a non-biological role, in which acupuncture replenishes a person’s vital essence
by restoration of the balance between Yin and Yang.'®® Acupuncture is used to treat a wide variety of
physical and mental conditions; however, acupuncture was not assessed for recommendation in recent

TS guidelines.™>18

The search obtained nine RCTs of physical treatments; one in children and eight studies in adults or mixed
adult and child populations that were considered as supporting evidence. The types of studies are
shown below:

DBS compared with sham therapy (three adult studies)’@*'%

rTMS compared with sham therapy (three adult studies)'®’ "%

i.v. immunoglobulin compared with i.v. saline (one mixed study)'®’

botulinum toxin compared with placebo (one mixed study)*®°

acupuncture and Chinese herbs compared with haloperidol and artane (one child study).?"’

In separate sections below, studies for each intervention are presented.
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Study characteristics

No studies of DBS in children were identified. Three studies of DBS in adults were obtained and these are
presented as supporting evidence (see Appendix 3, Table 11)."%'% Participants included in these studies
had severe TS with typical YGTSS total tic scores of around 40 and the majority were on medication at the
time of treatment. All these studies were randomised controlled crossover trials, in which participants
received both DBS and sham (control) treatments and the order of treatments was randomised.

In a 3-month study,®* participants underwent two study phases: DBS of the centromedian nucleus—substantia
periventricularis—nucleus ventro-oralis internus crosspoint in the thalamus and sham treatment. In a 2-month
study,'® participants underwent four study phases in a randomised crossover (n of one study) design: (i) DBS
treatment with thalamic stimulation; (i) DBS treatment with pallidal stimulation; (i) DBS treatment with
thalamic plus pallidal stimulation; and (iv) sham treatment. Each study phase was compared with YGTSS
pre-operative assessment. In a 4-week randomised crossover double-bind study,'*® participants underwent four
study phases lasting 1 week each: (i) DBS of the thalamus on the left side; (ii) DBS of the thalamus on the right
side; (jii) DBS of the thalamus on the right plus left sides; and (iv) sham treatment. Each study phase was
compared with YGTSS pre-operative assessment.

Risk of bias

None of the studies reported the method of randomisation or had clear evidence of allocation
concealment. In one study, owing to ethical constraints, participants appear to have been allowed to
switch their order of treatments.'* This resulted in five out of six participants undergoing the DBS before
the sham treatment and only one out of six undergoing sham before DBS. The sham treatment in all
studies was considered to be an appropriate control group.

Only one of the studies appeared to have conducted the study with both the participants and providers
blind to the order of DBS and sham treatments.”® In one study, participants, but not providers, appear to
have been blinded'" and, in the final study'* it appears that neither participants nor providers were blind

to intervention order. In one of the studies in which DBS and sham treatments were each given for a 1-week
period,'?® there was no washout between treatments and the risk of bias owing to cross-intervention
contamination was considered high. In the other two studies, the intervention periods were reasonably long
(2 months'® and 3 months™*) and although there was no washout period between treatments, there may
have been enough time for effects from the previous period to washout by the end of the next period.

For these studies, the risk of bias owing to contamination was considered unclear.

All studies used blinded outcome assessment. The impact of dropout from some studies was unclear. In
the 3-month intervention study,’®* a high proportion of participants did not undergo treatment for the full
treatment period. Data from the last observation were carried forward for the analysis but the risk of bias
from this assumption is unclear. In the 2-month study,'®® only data from participants undergoing both DBS
and sham treatments were presented and it was unclear whether or not there were any dropouts. In the
1-week study,'® it is reported that all participants completed both treatments and there were no dropouts
during the crossover intervention period.

Overall, one of the studies'®> was considered to have an unclear risk of bias owing to the possibility of
cross-treatment contamination. The remaining two studies were considered to be at high risk of bias
owing to imbalance of allocation groups'* and a high risk of cross-treatment contamination.'*

Clinical evidence for deep brain stimulation

Tics

All three studies compared DBS with sham treatment and measured tic severity with the YGTSS total tic
scale. However, meta-analysis was not possible and very small sample sizes (< 6 participants) in these
studies makes any comparison between groups unreliable (all comparisons were inconclusive).
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Safety

In these studies, safety outcomes are largely reported uncontrolled. That is, adverse effects are discussed in
relation to treatments but no distinction is made between events owing to intervention compared with
sham phases. Most adverse effects appear to be owing to the associated surgery, rather than the action
of DBS.

In the study for which various DBS treatments were given over 1-week periods,'® one participant had an
episode of acute psychosis at the end of the crossover phase but this was attributed to life stress and a
personal and family history of psychiatric illness. No other adverse effects were reported in the study.

In the study for which participants were treated with 2 months of different DBS protocols,'®® thalamic
stimulation caused transient (few minutes) ‘cheiro-oral or arm parenthesis’ and pallidal stimulation caused
lethargy for 3-4 days (number of participants undergoing adverse effects not reported). With increasing
pallidal stimulation intensity, two participants reported having nausea and vertigo and one patient reported
having anxiety. In addition, one patient reported a libido decrease when under thalamic stimulation.

In the study in which participants underwent 3 months of DBS and sham treatment, three people had
adverse effects that were related to their surgery.’® One participant had a small parenchymal haemorrhage
deep at the tip of the left electrode that resulted in vertical gaze palsy. This resolved after 6 months but
persistent subjective slowing of vertical fixation and pursuit on stimulation remained and led to the patient
choosing to have the stimulator switched off. Another participant developed a staphylococcus aureus
infection in the infraclavicular region. Another participant had symptoms including lethargy, binge eating,
dysarthria, apathy, gait disturbances and frequent falls but switching off the simulator did not affect these
symptoms. One year after surgery, all participants reported substantial restriction in their daily activities
because of a lack of energy. Three years after surgery, one patient developed severe multidirectional
nystagmus when the stimulation was turned off. When interviewed, all participants reported visual
disturbances that varied from blurred vision to fixation problems but no objective abnormalities could be
detected by an optometrist and neuro-ophthalmologist. Participants were tested for vestibular and
oculomotor function and all showed no signs of central pathology except for one patient who showed
impaired vertical gaze with normal vertical vestibular ocular reflexes, indicating a supranuclear deficit.

Clinical evidence summary for deep brain stimulation
Three small crossover RCTs (n=3, 5 and 6)'**'% of DBS compared with sham treatment in adults with
severe TS provided very low-quality evidence that could not be meaningfully interpreted.

Conclusion

It is unknown if DBS is an effective treatment in highly selected adults with severe TS. There is uncertainty
regarding the most effective neuroanatomical targets for DBS. Various adverse effects have been reported,
generally as a consequence of surgery rather than brain stimulation. There is no evidence available
regarding the clinical effectiveness and safety of DBS in children and young people with TS.

Study characteristics

No studies of rTMS in children were identified. Three studies of rTMS in adults were obtained and these
are presented as supporting evidence (see Appendix 3, Table 11).'719° All of these studies were crossover
trials in which participants received both rTMS and sham treatment and the order of treatments was
randomised. Participants included in these studies had moderate-to-severe TS. In one study,’” baseline
YGTSS total tic score was 23 and in the other two studies, baseline YGTSS global scores (baseline total tic
score not reported) were 70" and 57.'*° Most participants were on medication at the time of treatment.
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In one study,'®® participants underwent five treatment phases on five consecutive days with no washout
between treatments: (i) rTMS of the pre-frontal cortex at high frequency; (ii) rTMS of the pre-frontal cortex
at at low frequency; (iii) rTMS of the motor cortex at high frequency; (iv) rTMS of the motor cortex at low
frequency; and (v) sham treatment. All phases were compared with pre-treatment baseline. In another
study,® participants underwent treatment on two consecutive days for each of three treatment phases
with a 2-week washout period between phases: (i) rTMS of the motor cortex; (i) rTMS of the pre-motor
cortex; and (iii) sham treatment. All phases were compared with pre-treatment baseline. In another
study,®’ participants underwent treatment on two consecutive days for each of three treatment phases
with a 4-week washout period between phases: (i) rTMS of the pre-motor cortex on the left-hand side;

(i) rTMS of the pre-motor cortex on the left plus right-hand side; and (iii) sham treatment. All phases were
compared with pre-treatment baseline.

Risk of bias

None of the studies reported the method of randomisation or had clear evidence of allocation
concealment. The sham treatment in all studies was considered to be an appropriate control group. In all
of the studies, the participants but not the providers appeared to be blinded to the order of rTMS and
sham treatments. Two of the studies used washout periods between treatments'”'*° but one study did
not."® In one study, the outcome assessor was blinded to treatment order.”® Another study also had
blinded outcome assessment as outcomes were patient-rated and participants were blind to treatment
order.” In the other study, outcomes were measured by investigators but the presence of blinded
outcome assessment was not reported.’’ For all studies, it was unclear whether or not there was dropout
from the studies because only data from participants undergoing both rTMS and sham treatments

were presented.

Overall, one of the studies™® was considered to have an unclear risk of bias from contamination and the
remaining two studies were considered to be at high risk of bias owing to contamination from inadequate
washout'® and unclear risk of contamination and unclear blinded outcome assessment.'”’

Clinical evidence for repetitive transcranial magnetic stimulation

Tics

Two studies used the YGTSS and reported data for results for rTMS applied at different treatment
sites.’”1% However, meta-analysis was not possible and very small sample sizes (< 16 participants) in these
studies makes any comparison between groups unreliable (all comparisons were inconclusive).

Safety

In the rTMS study with five consecutive days of successive treatments, there were no significant differences
in ratings for pain and discomfort between treatments.'*® Three headaches were reported (study does not
report under which rTMS/sham treatment they occurred). In one participant, high frequency motor cortex
stimulation resulted in an increase in excitability that was manifested by a progressive increase in evoked
twitch and motor evoked potential amplitude. In this study, there is no comparative (rTMS compared with
sham treatment) safety analysis but there was no significant change in the AIMS from baseline (mean
13.9, SD 8.8) to the end of the treatment period (mean 9.6, SD 6.8; p=0.11). The mean motor threshold
in participants did not significantly change (p =0.12) from baseline (51.9, SD 11.4) to the end of the
treatment period (50.6, SD 10.3).

The study that administered each treatment for two 20-minute sessions on two consecutive days (with a
2-week washout between treatments),'® reported that rTMS was well tolerated. One participant reported
a mild headache following pre-motor rTMS and two participants reported excessive tiredness after both
pre-motor and motor rTMS that lasted for about 1 day. As with the first study, the active motor threshold
did not significantly change after any of the rTMS treatments.

In the study for which rTMS treatments were administered on two consecutive days (with a 4-week
washout between treatments),'®” findings related to adverse effects were not reported.
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Clinical evidence summary for repetitive transcranial magnetic stimulation

Three small crossover RCTs (n=5, 8 and 16)""'% of rTMS at different treatment sites compared with
sham treatment in adults with severe TS provided very low-quality evidence that could not be
meaningfully interpreted.

Conclusion
[t is unknown if rTMS is an effective treatment for tics in adults with severe TS. No evidence is available for
the use of rTMS in children and young people with TS.

Study characteristics

One parallel trial investigated the efficacy of i.v. immunoglobulin in 29 children and adults with TS (90%)
or CTD (10%) (see Appendix 3, Table 11)."® The study used i.v. albumin as the control group and
measured outcome at various time points from 2 to 14 weeks post intervention.

Risk of bias

The method of randomisation was not reported and there was no statement about allocation
concealment. The study used a suitable control group (i.v. albumin) that allowed participants and providers
to be blinded to treatment allocation and there was blinding of outcome assessors. Only data from
participants completing treatment were analysed but the dropout rate was low (3%). Overall, the study
was considered to have a low risk of bias.

Clinical evidence for intravenous immunoglobulin

Tics

The YGTSS total tic scale was used to assess tic severity at 2, 4, 6, 10 and 14 weeks."® There was variation
in differences in change from baseline tic score for i.v. immunoglobulin compared with placebo at different
time points (Figure 210). At 14 weeks, there was no conclusive difference in change from baseline tic
score for i.v. immunoglobulin compared with placebo (SMD -0.51, 95% Cl —1.25 to 0.23; n=29).

Impairment
No relevant studies reported TS-related impairment.

Psychological well-being
No relevant studies reported this outcome.

Overall clinical outcome

This study reported the proportion of participants much or very much improved on the CGl-l scale. The
proportion of participants who were CGI much or very much improved for i.v. immunoglobulin compared
with placebo varied at the different time points assessed (Figure 211). At 14 weeks post treatment, there
was no conclusive difference in the proportion of participants who were much or very much improved for
i.v. immunoglobulin compared with placebo (RR 0.77, 95% Cl 0.54 to 1.09; n=29) (the RR presented
here is the RR of not being much or very much improved).

Long-term outcome
No relevant studies reported long-term outcomes.

Safety

This study compared the number of participants with adverse effects for i.v. immunoglobulin compared
with i.v. saline. There was an increased rate of adverse effects for participants undergoing i.v.
immunoglobulin compared with i.v. saline (RR 3.48, 95% Cl 1.49 to 8.16; n=29) (Figure 212). Adverse
effects included headache (n=11), nausea (n=7), chills (n=6), fever (n=5), vomiting (n=4) and
dizziness (n = 3).
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Clinical evidence summary for intravenous immunoglobulin

One parallel RCT (n=29) in adults and children with tic disorders'® provided low-quality evidence

(see Appendix 4, Table 56) for the efficacy of i.v. immunoglobulin. i.v. immunoglobulin was ineffective for
the treatment of tic disorders and overall clinical outcome and was associated with an increased risk of
adverse effects.

Conclusion
There is no clear evidence that i.v. immunoglobulin is an effective treatment for tics in children or adults
with TS.

Study characteristics

One crossover study compared the efficacy of botulinum toxin with placebo in a mixed population of

18 adults and children (age range 15-55 years, median 31.5 years) (see Appendix 3, Table 11).2%°
Participants had TS (78%) or CTD (22%) of moderate severity (median YGTSS motor tic score 9, range
~5-14). Participants were injected with botulinum toxin and placebo (substance not reported) in the area
of the body affected by motor tics in a randomised order. Outcome was assessed after 2 weeks and
there was an 8-week (or more) washout period between treatments.

Risk of bias

An adequate method of sequence generation was reported and there appears to have been allocation
concealment of the randomisation code. The nature of the placebo was unclear but, as for the
intervention, it was given as an i.v. injection and was, therefore, considered to be a suitable control.
Participants, providers and outcome assessors were blinded to treatment order but, owing to the paralyses
associated with botulinum toxin injections, maintenance of blinding appears unlikely. Although analysis
was done only of participants completing the study, there was a low rate of dropout and bias from
attrition may have been low. The primary outcome measure was reduction in treated tics. A motor tic for
each patient was selected for treatment and botulinum/placebo injections were made into the relevant
area of the body. The use of this outcome makes overall assessment of the efficacy of botulinum toxin on
all tics difficult. In some cases, the effect on other tics was also reported but this was not done consistently
across outcomes and the study was judged to be at risk of selective reporting bias. The overall risk of bias
for this study was considered to be unclear owing to unclear patient, provider and outcome assessor
blinding and possible selective outcome reporting bias.

Clinical evidence for botulinum toxin

Findings for this study are presented as net changes from baseline (baseline measured just before the
intervention or control treatment). Because net change scores only are presented, the data for this study
are not analysed as for other cross-sectional studies in this review (comparison of end points) but data are
reported for net changes from pre-treatment to post treatment.

Tics

Measures of YGTSS motor tic score were reported, but only for treated tics. Three aspects of the YGTSS
motor tic scale were reported (Figure 213). The data were inconclusive for reductions from baseline for
botulinum toxin compared with placebo for motor tic frequency (SMD -0.14, 95% CI —-0.80 to 0.51;
n=18) and interference (SMD -0.05, 95% CI -0.70 to 0.61; n=18) but botulinum toxin was associated
with greater reduction in the intensity of the treated tic compared with placebo (SMD -0.91, 95% Cl
-1.59t0-0.22; n=18).

Overall tic score (both treated and untreated tics) were reported for the Shapiro TSSS. Results were

inconclusive for reductions from baseline in overall tic score for botulinum toxin compared with placebo
(SMD 0.02, 95% CI -0.63 to 0.67; n=18) (Figure 214).
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Impairment
No relevant studies reported TS-related impairment.

Psychological well-being
No relevant studies reported this outcome.

Overall clinical outcome

The authors asked patients to rule if their tics were ‘better’, ‘unchanged’ or ‘worse’. The authors called this
outcome variable “patients’ global impressions of change”. There was no conclusive difference in the
proportion of participants feeling better (RR 0.82, 95% CI 0.63 to 1.08; n = 18) (the RR presented here is
the RR of not feeling better), unchanged or worse for botulinum toxin compared with placebo

(Figure 215).

Long-term outcome
No relevant studies reported long-term outcomes.

Safety
Pain score for the treated tic area (scale not reported) was greater for botulinum toxin than for placebo,
but the effect was inconclusive (SMD 0.52, 95% CI -0.15 to 1.18; n=18) (Figure 216).

There was no conclusive difference for other adverse effects (Figure 217), but there was increased
weakness in the injected muscle (RR 6.00, 95% CI 1.56 to 23.07; n=18) for botulinum toxin than
for placebo.

Clinical evidence summary for botulinum toxin

One crossover RCT (n=18) in children and adults with tic disorders*® provided very low-quality evidence
(see Appendix 4, Table 57) for the efficacy of botulinum toxin. When the effect on all tics was considered
(not just treated tics), there was no improvement for botulinum toxin compared with placebo. For the
treated motor tic, there was no difference in YGTSS motor tic frequency or interference but there was a
large improvement in tic intensity and there was a tendency to greater patient-reported improvement.
Botulinum toxin was associated with increased rates of adverse effects compared with placebo, particularly
an increased likelihood of muscle weakness in the injected area and there was a tendency towards
increased pain score.

200

Conclusion

Botulinum toxin may decrease the intensity of tics in the local area treated but there is no evidence of
reduced tic frequency or improvements in untreated tics. Adverse effects, including reports of local muscle
weakness and pain, may reduce the acceptability of this intervention.

Study characteristics

One randomised parallel study in 60 children (4-20 years) with TS investigated the combined use of
acupuncture and Chinese herbs compared with a combination of haloperidol and artane (trihexyphenidyl
hydrochloride) (see Appendix 3, Table 11).%°" Children were randomised to receive 20 half-hour sessions
of acupuncture and Chinese herbs (dosage not reported) or to haloperidol at a maximum dose of
1.5-8.0 mg/day with artane of the same dosage given to alleviate adverse effects (length of intervention
period not reported).

Risk of bias

The study reports no methods for random sequence generation or allocation concealment and there is no
statement about blinding of participants, providers or outcome assessors. It is unclear whether or not the
control group, haloperidol and artane, is suitable. Some participants in the study were young children
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(minimum age 4 years) and maximum doses of 1.5-8.0 mg/day were used (starting dose for 4 year olds
0.5 mg/day, for 5 year olds 1 mg twice a day). Artane of the same dosage was given to decrease adverse
effects but it is unclear if this type of treatment strategy would be beneficial and if this control group
provides a reasonable group for comparison. Attrition from the study is not reported and it is unclear
whether or not there were any dropouts. For outcome measurements, only the YGTSS score is reported
and it is unclear whether or not this was selectively reported in favour of other measurements if they were
made. Overall, this study was considered to be at high risk of bias.

Clinical evidence for acupuncture and Chinese herbs

Tics

Within-person changes in tics/impairment were presented as the proportion of children with >30% and
> 60% reductions from baseline in YGTSS global score. There was a greater proportion of children
showing > 60% reductions from baseline for acupuncture and Chinese herbs compared with haloperidol
and artane (RR 0.62, 95% Cl 0.39 to 0.99; n=60) (Figure 218) (RRs are for relative risk of not achieving
30 or 60% reductions from baseline) but no conclusive difference in the proportion of children showing
> 30% reductions (RR 0.29, 95% Cl 0.06 to 1.26; n=60).

Impairment
Impairment score was reported as part of the YGTSS global score as described under Tics above.

Psychological well-being
No relevant studies reported this outcome.

Overall clinical outcome
No relevant studies reported this outcome.

Long-term outcome
No relevant studies reported long-term outcomes.

Safety
No relevant studies reported this outcome.

Clinical evidence summary for acupuncture and Chinese herbs

One parallel RCT (n = 60) in children with TS*" provided very low-quality evidence (see Appendix 4, Table 58)
for the efficacy of a combination of acupuncture and Chinese herbs compared with a combination of
haloperidol and artane (described as western medicine). The study showed some evidence of a benefit

of acupuncture and Chinese herbs compared with haloperidol and artane for the treatment of tics.

Conclusion

Acupuncture may be an effective treatment for tics in children and young people with TS. However, the
limitations in the quality of the available evidence and lack of information on adverse effects do not allow
firm conclusions to be drawn.
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INTERVENTIONS FOR TICS IN CHILDREN AND ADOLESCENTS

Overall conclusions from physical intervention trials

It is unknown if DBS is a useful treatment for selected adults with severe TS. Future parallel trials may
provide better evidence on which to base judgements. Studies in children have yet to be conducted, but
the invasive nature of treatment is likely to make DBS an unacceptable intervention for children and young
people with TS except in very exceptional circumstances.

Currently, there is no clear evidence that rTMS is an effective treatment for tics and the predominance of
crossover trials with the potential for carry-over effects makes it difficult to drawn any firm conclusions.
Future parallel trials may provide better evidence on which to base judgements. Although rTMS is a less
invasive a procedure than DBS, there remains uncertainty over its safety and suitability for use in children
and young people.

Overall, there is no clear evidence that i.v. immunoglobulin is an effective treatment for tics in children and
young people with TS.

Botulinum toxin may reduce intensity of treated tics; however, the low quality of evidence makes it difficult
to draw firm conclusions regarding benefits. Furthermore, reports of adverse effects mean that botulinum
toxin may not be a suitable treatment for tics in children and young people with TS.

The evidence of benefit for acupuncture and Chinese herbs is of extremely low quality and, therefore,
there remains uncertainty about the effectiveness of this intervention.

In summary, there is currently no evidence to suggest that the physical interventions reviewed (DBS, rTMS,
i.v. immunoglobulin, botulinum toxin and acupuncture) are sufficiently effective and safe to be considered
as treatments for tics in children and young people with TS.

Paediatric Autoimmune Neuropsychiatric Disorders Associated
with Streptococcal infection

Introduction

Paediatric Autoimmune Neuropsychiatric Disorders Associated with Streptococcal infection describes
disorders that have been identified in pre-pubescent children who are thought to have developed OCD, a
tic disorder, or both, that is associated with a group A streptococcal infection. PANDAS has been defined
by temporal association (infection precedes symptoms), dramatic symptom onset, infection-related
exacerbations and concurrent neurological abnormalities during exacerbations.?®> However, the concept of
PANDAS remains controversial.2%

The PANDAS population does not fall under the population set out in the review protocol (children and
young people with TS or CTD) as some PANDAS-defined children do not experience tics (only OCD
symptoms). The proposed cause and aetiology of iliness is also different from that of childhood tic
disorders and this population would not necessarily be included in this review. However, the question of
whether or not supposed PANDAS can be successfully treated was considered to be a clinically relevant
and important question and these studies have therefore been included in the review. Their findings are
not applicable to the general child tic disorder population and vice versa.
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Included studies

The studies identified use different intervention strategies but have the same underlying principle of
intervention: treatment of streptococcal infection and or the removal of streptococcus A immunoglobulin
that is hypothesised to bring about PANDAS symptoms. Three studies in children were identified:

i.v. immunoglobulin compared with i.v. saline (one child study?*)
plasma exchange compared with i.v. saline (one child study®*)
penicillin compared with placebo (one child study)®

penicillin compared with azithromycin (one child study).2%

Intravenous immunoglobulin and plasma exchange versus placebo

Study characteristics

One study investigated the efficacy of i.v. immunoglobulin and plasma exchange in children with PANDAS
(see Appendix 3, Table 12).2% Twenty-nine children defined as having PANDAS [tic disorder, OCD (or both)
onset before puberty, history of sudden onset or episodic course, evidence of association with streptococcal
infection] and with a current severe exacerbation were randomised to i.v. immunoglobulin, plasma
exchange or i.v. saline (placebo). i.v. immunoglobulin was given at 1 g/kg body weight and administered

on two consecutive days. i.v. saline was also administered on two consecutive days with a similar volume

to that as for i.v. immunoglobulin. Children undergoing i.v. immunoglobulin or i.v. saline were given
diphenhydramine and paracetamol to alleviate adverse effects of treatment. Children undergoing plasma
exchange had treatment consisting of five to six procedures conducted over 10-12 days (treatment on
alternative days) with one plasma volume (45 ml/kg body weight) exchanged during each procedure.
Children in all treatment arms were followed up at 1 month. After this point, children originally allocated to
the placebo group were started on i.v. saline or plasma exchange and, together with children originally
allocated to those groups, they were followed up at 1 year.

Risk of bias

The method of randomisation was reported but there was no clear evidence of allocation concealment and
groups were markedly different at baseline, with mean tic scores of 6.8 (SD 9.2), 11.0 (SD 9.5) and 21.7
(SD 14.7) for i.v. immunoglobulin, placebo and plasma exchange, respectively. There was a suitable control
group for comparison with i.v. immunoglobulin (i.v. saline) but this was not a suitable control for the
plasma exchange intervention as this has a different mode of administration and, for this treatment arm,
participants and providers could not be blinded to treatment allocation. It was unclear if outcome
assessment was blinded for i.v. immunoglobulin or plasma exchange groups. Both studies analysed only
data from participants who had completed the treatments but the dropout rate was low (3%).

Overall, the study results were considered to be at high risk of bias for i.v. immunoglobulin owing to
imbalances at baseline and unclear blinded outcome assessment and to be at particularly high risk of bias
for plasma exchange owing to baseline imbalances, lack of patient and provider blinding and unclear
blinded outcome assessment.

Clinical evidence for intravenous immunoglobulin and plasma exchange

Tics

The effect of i.v. immunoglobulin and plasma exchange on the severity of tics was measured using the
UTRS.2* For i.v. immunoglobulin, there was the same change from baseline tic score for i.v.
immunoglobulin compared with i.v. saline (SMD 0.00, 95% Cl -0.90 to 0.90; n=19). For plasma
exchange, there was a greater but inconclusive reduction from baseline for plasma exchange compared
with i.v. saline (SMD -0.88, 95% Cl —1.81 to 0.05; n=20) (Figure 219).
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Impairment

The study measured changes in impairment using the National Institute for Mental Health (NIMH) global
impairment scale. Compared with those undergoing i.v. saline, there were greater reductions in
impairment score for participants undergoing i.v. immunoglobulin (SMD -1.87, Cl -3.00 to -0.75; n=19)
and plasma exchange (SMD —1.42, 95% Cl -2.42 to —-0.41; n=20) (Figure 220).

Emotional well-being

Anxiety Changes in anxiety were measured using the NIMH anxiety scale. Compared with i.v. saline,
there were greater reductions in anxiety score for i.v. immunoglobulin (SMD —1.03, Cl -2.00 to —0.05;
n=19) and plasma exchange (SMD -1.24, 95% Cl| -2.21 to —-0.26; n =20) (Figure 221).

Depression Changes in depression were reported using the NIMH depression scale. Plasma exchange
showed an improvement in depression score than for i.v. saline (SMD —1.06, 95% C|-2.00 to -0.11;
n=20) (Figure 222), but i.v. immunoglobulin was not conclusively different (SMD -0.64, CI -1.57 to 0.29;
n=19).

Overall clinical outcome

Overall clinical outcome was measured with the CGl scale and results are presented as improvement scores
(1 =very much improved, 7 = very much worse). CGI-l score was better for i.v. immunoglobulin (SMD -1.86,
95% Cl-2.98 to —0.74; n=19) and plasma exchange (SMD -2.38, 95% C| -3.58 to —1.18; n = 20) than for
i.v. saline (Figure 223).

Long-term outcome

Children were followed up at 1 year but, following the controlled trial period, blinding was broken and
children who had received placebo were offered treatment with an intervention. At 1 year, mean scores
were similar to post-treatment levels for the UTRS for i.v. immunoglobulin [5.5 (SD 7.7) and 5.8 (SD 8.7)
for 1 month and 1 year, respectively] and plasma exchange [11.0 (SD 9.2) and 8.9 (SD 9.6) for 1 month
and 1 year, respectively]. The mean CGl-l score was also similar to post-treatment scores for i.v.
immunoglobulin [2.4 (SD 1.1) and 2.3 (SD 1.1) for 1 month and 1 year, respectively] and plasma exchange
[1.9(SD 1.1) and 1.75 (SD 0.9) for 1 month and 1 year, respectively].

Safety

The numbers of children experiencing adverse effects for the active intervention compared with i.v. saline
were compared. There were higher rates of adverse effects but the difference was not conclusive for
children undergoing i.v. immunoglobulin (RR 3.33, 95% Cl 0.89 to 12.51; n=19) or plasma exchange
(RR 3.50, 95% Cl1 0.95 to 12.90; n = 20) than for i.v. saline (Figure 224). Adverse effects in the i.v.
immunoglobulin group included nausea and vomiting (n =5), mild to moderately severe headache (n =3),
and low-grade fever (n =4). In the plasma exchange group, adverse effects included pallor, dizziness and
nausea (n=7), vomiting (n =2) and anxiousness (n = 3).
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Penicillin versus placebo

Study characteristics

One crossover study compared penicillin prophylaxis with placebo in children assessed as having
PANDAS .2 Thirty-seven children were assigned to receive 4 months of penicillin (250 mg tablets twice a
day) and 4 months of placebo (tablets twice daily) in a randomised order.

Risk of bias

For this study, no methods of sequence generation or allocation concealment were reported, although
baseline characteristics for children randomised to each intervention order were similar. Participants were
blinded to treatment order but blinding of treatment providers was unclear. There was no statement about
blinding of outcome assessors and the risk of assessment bias is unclear. There was no washout period
between treatments and there may have been some risk of cross-treatment contamination. Analysis was
restricted to children completing the study but there was a low rate of dropout and the risk of attrition
bias may be low. Overall, this study was considered to be at unclear risk of bias owing to the presence of
unclear blinded outcome assessment.

Clinical evidence for penicillin

Tics
Tics were assessed with the YGTSS. There was no conclusive difference in changes in total tic score for
penicillin compared with placebo (SMD -0.26, 95% Cl -0.72 to 0.21; n=37) (Figure 225).

Scores were also similar when motor (SMD -0.14, 95% C| -0.61 to 0.32; n=37) and vocal (SMD -0.23,
95% Cl -0.69 to 0.24; n=37) tic scores were considered separately (Figures 226 and 227).

Rates of streptococcal infections were not conclusively different for the placebo than for the penicillin
group (RR 0.70, 95% CI 0.43 to 1.15; n=37) (Figure 228), as were rates of neuropsychiatric exacerbations
(RR 1.00, 95% Cl 0.64 to 1.57; n=237) (Figure 229).

Impairment
Impairment was measured using the C-GAS. Post-treatment impairment score was inconclusive following
penicillin compared with placebo (SMD -0.20, 95% Cl -0.66 to 0.27; n=37) (Figure 230).

Psychological well-being

Anxiety Anxiety was measured using the NIMH anxiety scale. Anxiety scores favoured penicillin over
placebo (SMD -0.52, 95% Cl -0.99 to —-0.05; n=37) (Figure 231).

Depression Depression was measured using the NIMH depression scale. Depression scores favoured
penicillin over placebo (SMD -0.62, 95% CI —1.10 to —-0.15; n=37) (Figure 232).

Overall clinical outcome

Overall clinical outcome was assessed with the CGI-I. CGI-I score was similar for overall global
improvement (SMD —0.07, 95% CI —0.53 to 0.39; n=37) (Figure 233) and for CGI TS-specific
improvement score (SMD -0.01, 95% Cl -0.47 to 0.45; n=37) for penicillin compared with placebo
(Figure 234).

Long-term outcome
No relevant studies reported long-term outcomes.

Safety
No relevant studies reported this outcome.
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Study characteristics

One study compared the efficacy of penicillin with azithromycin in children assessed as having PANDAS
(see Appendix 3, Table 12).%°¢ Children were randomised to 12 months of penicillin or azithromycin and
tablets were taken twice on one day a week (placebo tablets taken on the other days). Children were aged
from 5-10 years and comorbid disease included ADHD (26%) and OCD (69%,).

Risk of bias

For this study, methods of sequence generation and allocation concealment were not reported.
Participants and providers appear to have been blinded throughout the study period but blinding of the
outcome assessors is unclear. Although analysis was done only of children completing the study, there was
a low rate of dropout and bias from attrition may have been low. During the intervention period, the
YGTSS and the Yale—Brown Obsessive—Compulsive Scale were used by investigators to monitor
participants. These results are not reported in the publication and the study was therefore considered at
high risk of selective outcome reporting bias. Overall, this study was considered to be at high risk of bias
owing to unclear blinded outcome assessment and potential selective outcome reporting bias.

Clinical evidence for penicillin compared with azithromycin

Unlike for the analysis of other parallel-group trials in this review (for which change from baseline is
assessed), for this study, because the event rates at follow-up were very small compared with the
between-group differences at baseline, results are analysed as differences at end point.

Tics

No measurement of tic outcomes were reported but investigators measured the number of
neuropsychiatric symptom exacerbations. These were defined as an exacerbation of tic or OCD symptoms
and were based on child/parent reports obtained at the end of the year. There was no conclusive
difference in rates of reported exacerbations for the penicillin compared with the azithromycin group
(SMD —-0.77, 95% CI -1.63 to 0.08; n=23) (Figure 235).

The number of streptococcal infections over the study year was measured. There was no conclusive
difference in the mean number of streptococcal infections per child in the year of study for those treated

with penicillin compared with azithromycin (SMD 0.00, 95% CI -0.82 to 0.82; n=23) (Fiqure 236).

Impairment
No relevant studies reported TS-related impairment.

Psychological well-being
No relevant studies reported this outcome.

Overall clinical outcome
No relevant studies reported this outcome.

Long-term outcome
No relevant studies reported long-term outcomes.

Safety
No relevant studies reported this outcome.
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INTERVENTIONS FOR TICS IN CHILDREN AND ADOLESCENTS

Summary of Paediatric Autoimmune Neuropsychiatric Disorders Associated
with Streptococcal infection trials

Intravenous immunoglobulin

One study in 19 children defined as having PANDAS?** provided very low-quality evidence (see Appendix 4,
Table 59) of no conclusive benefit of i.v. immunoglobulin compared with i.v. saline on tics, but there was a
large effect in terms of impairment, symptoms of anxiety and depression and improved overall clinical
outcome. There was a tendency towards increased rates of adverse effects of treatment.

Plasma exchange

One study in 20 children defined as having PANDAS?* provided very low-quality evidence (see Appendix 4,
Table 60) of possible benefits for plasma exchange compared with i.v. saline on tic symptoms, impairment,
symptoms of anxiety and depression and overall clinical outcome. Plasma exchange was associated with
increased rates of adverse effects.

Penicillin

One study investigated the use of penicillin compared with placebo to treat 72 children defined as having
PANDAS.?% The study provided low-quality evidence (see Appendix 4, Table 61) of no effect of penicillin
on neuropsychological exacerbations, tics or symptoms of anxiety and depression. No findings for adverse
effects were reported by this study.

One study compared the use of penicillin with azithromycin for treating 23 children defined as having
PANDAS.?% The study provided low-quality evidence (see Appendix 4, Table 62) of no conclusive
difference in the rates of streptococcal infections, but there was lower rates of neuropsychological
exacerbations for penicillin.

Overall conclusions from Paediatric Autoimmune Neuropsychiatric Disorders

Associated with Streptococcal infection trials

There is no clear evidence that i.v. immunoglobulin is an effective treatment of tics in children and young
people identified with PANDAS. Plasma exchange may be an effective treatment of tics in children and
young people identified with PANDAS. However, the low-quality of the available evidence means that
there is a high degree of uncertainty with respect to the benefits and harms of plasma exchange in this
population. Finally, there is no clear evidence that penicillin is an effective treatment for tics in children and
young people with PANDAS.
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Chapter 3 Qualitative Study of Experiences of
Services and Treatments

Very little is known about the views of young people with TS and their parents on their experiences of
treatment and what outcomes they value most. The QUEST aims to capture qualitative and descriptive
data on young people’s experiences of treatment and to evaluate the outcomes that are important to
parents and young people. Three sources of information will be used: (1) systematic review of qualitative
and descriptive studies examining experience of treatment; (2) survey of parents of children and young
people with TS; and (3) in-depth interviews of children and young people with TS. A systematic review of
gualitative and descriptive studies examining health professionals’ parents’ and children’s experience of
treatment for TS will summarise and synthesise the extent of existing knowledge. As we know that few
studies have specifically explored perceived clinical effectiveness of treatment, we will collect primary data
from parents of children with TS using an online survey.

A survey methodology was considered appropriate and pragmatic to collect data from a large sample of
parents of children with a wide range of ages. Parents of children with chronic conditions are key drivers
of adherence to treatment for children with chronic conditions*” and are able to give a longitudinal
perspective. A combination of structured questions and text boxes gave flexibility and allowed us to probe
important issues in more depth while retaining the advantages of an online survey.

The views of children aged 10-17 years were explored using in-depth interviews.

Semistructured interviews were felt to be most appropriate method to capture the views of young people
because, apart from enhancing the richness of data, we could be sure that the information was from the
young person himself or herself and that communication was not constrained by their level of literacy.
Interviews have the flexibility to prompt and encourage responses when participants may lack confidence
or are reflecting on more challenging issues.

The results are presented separately for each study and the findings are synthesised in the discussion to
address the issues of experience of access to care and the process of diagnosis, experiences of treatment
and treatment expectations.

Systematic review of qualitative studies
Methods

Search strategy

In addition to the searches undertaken for intervention studies, additional searching was generated for
qualitative studies and survey literature in the following databases: major bibliographic — EMBASE,
MEDLINE, PREMEDLINE In-Process & Other Non-Indexed Citations and PsycINFO; education databases —
AEIl, BREI and ERIC; social care databases — ASSIA, IBSS, SSCI, SSA, Sociological Abstracts and Web of
Science; grey literature databases — HMIC, PsycBOOKS, PsycEXTRA; and additional sources — BCI, CINAHL.
Search terms comprised text word and subject headings for tic* and tourette* to identify populations with
TS or with chronic phonic or motor tics (all referred to as TS in this review). Searches were limited to
qualitative systematic reviews, qualitative primary studies and survey literature and generated from 1995
to January 2013. No language restrictions were applied at the searching stage. Search results for the
intervention searches were also screened for any literature relevant to the review. The search strategy is
provided in Appendix 1.
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Selection of studies

Study selection consisted, first, of screening the titles and abstracts of all citations obtained from the
searches. For articles that appeared relevant on screening, or for articles that had insufficient information in
the title or abstract to determine their relevance, full-paper copies were obtained. These papers were

then screened thoroughly, using pre-defined inclusion/exclusion criteria to determine the final set of
included studies.

Inclusion/exclusion criteria

Full-paper articles were screened for inclusion by one reviewer, with reference to a second reviewer in
cases of uncertainty around