
TS-school Brussels | training course on Tourette Syndrome
Tuesday 6 June 2023

Behavioural therapy and deep brain stimulation for Tourette 
syndrome

European Society for the Study of Tourette Syndrome

Royal Museum for Central Africa

Andreas HARTMANN, MD

andreas.hartmann@aphp.fr

Department of Neurology

Hôpital de la Pitié-Salpêtrière, Paris / France 



Behaviour therapy: theoretic principles

Premonitory 
sensation TIC Relief

Negative 
reinforcement

Stimulus Response Consequence

Tic blockage



BT for tics: two methods

Habit reversal training (HRT):
Treat tics one by one
Awareness training and competing response 
training
Change environmental factors

Exposure and response prevention (ERP):
Targets all tics at once
Resisting tics for a long period of time
Exposure to premonitory urges
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Authors N Age M (SD) Interven pre           post            % improv Effect size
Wilhelm et al, 2003
HRT > ST

32 36.2 (12.7) HRT
ST

30.5         19.8
26.6         26.9

35.1%
-1.1%

1.50
-0.03

Verdellen et al, 2004
HRT = ERP

43 20.6 (12.1) HRT
ERP

24.1         19.7
26.2         17.6

18.3%
32.8%

1.06
1.42

Deckersbach et al, 
2006 
HRT > ST

30 35.1 (12.2) HRT
ST

29.3         18.3
27.7         26.8

37.5%
3.2%

Piacentini et al, 2010
HRT > ST

126 11.7 (2.3) HRT
ST

24.7          17.1  
24.6          21.1

30.8%
14.2%

0.68

Wilhelm et al, 2012
HRT > ST

122 31.5 (13.7) HRT
ST

24.0          17.8
21.8          19.3

25.8%
11.5%

0.57

Yates et al, 2016
Group HRT > PE

33 12.0 (1.38) G HRT
G PE

29.0          25.6
30.5          27.2

18%
11%

0.39

Rizzo et al, 2018
BT > PE 
BT = med

110 11.2 (2.43) BT
PE
Med

19.7          12.3
21.9          21.9
24.1          14.7

37.5%
0%
39.0%

Nissen et al, 2018
Grp= Ind HRT/ERP

59 12.2 (2.32) G comb
Ind comb

23.4          15.9
23.8          14.3

32,1%
39.9%

1.38
1.21

Andren et al 2019
BIP-TIC ERP > HRT

23 11.80 (2.51) BIP ERP 
BIP HRT

23.75        19.00
23.45         21.18

20%
9,7%

0.73

Rachamim et al 2020
iCBIT > WL

41 11.26 (1.94) iCBIT
WL

22.72         16.12
21.88         20.94  

29.0%
4.2%

0.83

Hollis et al., 2021
Online ERP>online PE

224 12.2 (2.0)
12.4 (2.1)

OnlineERP
Online PE

28.4            23.9
28.4            26.8

15.8%
5.6%

0.31



Authors Int Pre       Post             FU 3mths FU 6mths FU 10/12mths % impro

Wilhelm et 
al, 2003

HRT (17)
ST    (15)

30.5      19.8
26.6      26.9

21    
23.8 

31.1%
10.5%

Verdellen et 
al, 2004

HRT (22)
ERP (21)

24.1      19.7
26.2      17.6 

13.5 
14 .0   

44.0%
46.6% 

Deckers-
bach et al, 
2006

HRT (15)
ST (15)

29.3      18.3
27.7      26.8

18.4   
26.6 

37.2% 
4% 

Piacentini et 
al, 2010

HRT (61)
ST (65)

24.7      17.1
24.6      21.1

13.9 
9.9 

13.3 
10.4   

46.2% 
57.7% 

Wilhelm et 
al, 2012

HRT (63)
ST (59)

24.0      17.8
21.8      19.3 

Dabrowski 
et al, 2018

HRT (16)
PE   (17)

29.0      25.6
30.5      27.2

22.2
23.0

17.8%
11.2%

Rizzo et al, 
2018

BT (25)
MED(47)
PE (24)

19.76  11.44
24.13  15.70
21.96  21.66

12.36
14.72
20.67

37,4%
39%
5.8%

Andrén et al 
2019

BIP ERP
BIP HRT

23.75  19.00 
23.45  21.18

18.25
20.18

15.00
19.45

16.92
19.36

36,8 %
17.1 %

Hollis et al., 
2021

OnlineERP
online PE

28.4     
23.9
28.4     
26.8

21.5
25.0

24.3 %
10.7 %
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Abstract
Objective
Tomake recommendations on the assessment and management of tics in people with Tourette
syndrome and chronic tic disorders.

Methods
A multidisciplinary panel consisting of 9 physicians, 2 psychologists, and 2 patient repre-
sentatives developed practice recommendations, integrating findings from a systematic review
and following an Institute of Medicine–compliant process to ensure transparency and patient
engagement. Recommendations were supported by structured rationales, integrating evidence
from the systematic review, related evidence, principles of care, and inferences from evidence.

Results
Forty-six recommendations were made regarding the assessment and management of tics in
individuals with Tourette syndrome and chronic tic disorders. These include counseling rec-
ommendations on the natural history of tic disorders, psychoeducation for teachers and peers,
assessment for comorbid disorders, and periodic reassessment of the need for ongoing therapy.
Treatment options should be individualized, and the choice should be the result of a collabo-
rative decision among patient, caregiver, and clinician, during which the benefits and harms of
individual treatments as well as the presence of comorbid disorders are considered. Treatment
options include watchful waiting, the Comprehensive Behavioral Intervention for Tics, and
medication; recommendations are provided on how to offer and monitor these therapies.
Recommendations on the assessment for and use of deep brain stimulation in adults with
severe, treatment-refractory tics are provided as well as suggestions for future research.

RELATED ARTICLE

Comprehensive systematic
review summary:
Treatment of tics in people
with Tourette syndrome
and chronic tic disorders
Page 907

MORE ONLINE

Podcast
Dr. Jeffrey Ratliff talks with
Dr. Tamara Milka
Pringsheim about her
practice guideline
recommendations
summary paper on the
treatment of tics in people
with Tourette syndrome
and chronic tic disorders.
NPub.org/q4jl9p
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Analysis of evidence
In children and adults with TS or a chronic tic
disorder, which medical, behavioral, and
neurostimulation interventions, compared
with placebo or other active interventions,
improve tic severity?
Unless otherwise specified, trial participants included both
children (individuals aged 18 years and younger) and adults
(individuals older than 18 years).

High confidence in the evidence
People with tics receiving the Comprehensive Behavioral
Intervention for Tics are more likely than those receiving
supportive psychotherapy to have reduced tic severity (SMD
0.56; 95% confidence interval [CI] 0.31–0.82, high confi-
dence, 2 Class I studies22,23).

Moderate confidence in the evidence
People with tics receiving the following interventions are
probably more likely than those receiving placebo to have
reduced tic severity:

c Haloperidol, SMD 0.59 (95% CI 0.11–1.06), 2 Class II
studies24,25

c Risperidone, SMD 0.79 (95% CI 0.31–1.27), 2 Class II
studies26,27

c Aripiprazole, SMD 0.64 (95% CI 0.31–0.97), 1 Class I
study28 and 1 Class II study29 (children only)

c Tiapride, SMD 0.62 (95% CI 0.36–0.88), 1 Class I
study30 (children only)

c Clonidine, SMD 0.45 (95% CI 0.13–0.77), 1 Class I
study31 and 2 Class II studies32,33

c OnabotulinumtoxinA injections, SMD 1.27 (95% CI
0.51–2.03), 1 Class II study34; confidence in evidence
upgraded due to magnitude of effect

c Ningdong granule (as formulated by Zhao), SMD 0.97
(95% CI 0.45–1.49), 1 Class II study35; confidence in
evidence upgraded due to magnitude of effect (children
only)

c 5-Ling granule, SMD 0.55 (95% CI 0.33–0.76), 1 Class I
study30 (children only)

People with tics and a comorbid diagnosis of ADHD re-
ceiving the following interventions are probably more
likely than those receiving placebo to have reduced tic
severity:

c Clonidine plus methylphenidate, SMD 0.72 (95% CI
0.22–1.22), 1 Class I study31 (children only)

c Methylphenidate, SMD 0.61 (95%CI 0.13–1.10), 1 Class
I study31 (children only)

c Desipramine, SMD 1.13 (95% CI 0.47–1.79), 1 Class II
study36; confidence in evidence upgraded due to magnitude
of effect (children only). Desipramine is now rarely used in
children after several case reports of sudden death associated
with the use of this medication.37

People with tics receiving active DBS of the globus pallidus
are probably more likely than those receiving shamDBS of the
globus pallidus to have reduced tic severity (SMD 0.77 [95%
CI 0.14–1.40], 2 Class II studies38,39 [adults only]).

Low confidence in the evidence
People with tics receiving the following interventions are
possibly more likely than those receiving placebo to have
reduced tic severity:

c Pimozide, SMD 0.66 (95% CI 0.06–1.25), 3 Class II
studies,24,40 confidence in evidence downgraded due to
imprecision

c Ziprasidone, SMD 1.14 (95% CI 0.32–1.97), 1 Class II
study41 (children only)

c Metoclopramide, SMD 1.14 (95% CI 0.33–1.95), 1 Class
II study42 (children only)

c Guanfacine, SMD 0.45 (95% CI 0.03–0.87), 1 Class I
study43 and 2 Class II studies,44,45 confidence in evidence
downgraded due to imprecision (children only)

c Topiramate, SMD 0.91 (95% CI 0.11–1.71), 1 Class II
study46

c Tetrahydrocannabinol, SMD 0.62 (95% CI 0.01–1.22), 1
Class II study47 and 1 Class III study48 (adults only)

For people with tics and a comorbid diagnosis of ADHD,
atomoxetine does not worsen tics relative to placebo (1 Class
II study49) (children only).

Very low confidence in the evidence
There is insufficient evidence to determine whether people
with tics receiving the following interventions are more or less
likely than those receiving placebo to have reduced tic severity:

c Baclofen, SMD 0.55 (95% CI −0.39 to 1.49) 1 Class II
study50; confidence in evidence downgraded due to
imprecision (children only)

c Levetiracetam, SMD 0.22 (95% CI −0.38 to 0.82), 1 Class
II study51; confidence in evidence downgraded due to
imprecision (children only)

c N-acetylcysteine, SMD 0.45 (95% CI −0.27 to 1.17), 1
Class II study52; confidence in evidence downgraded due
to imprecision (children only)

c Omega-3 fatty acids, SMD 0.69 (95% CI 0.00–1.39), 1
Class II study53; confidence in evidence downgraded due
to imprecision (children only)

c Ningdong granule (as formulated by Wang), 1 Class II
study17 (children only)

c Nicotine, SMD 0.38 (95% CI −0.14 to 0.90), 1 Class III
study54 (children only)

c Nicotine patch added to haloperidol, SMD 0.71 (95% CI
0.17–1.25), 1 Class III study55 (children only)

c Mecamylamine, 1 Class II study16 (children only)
c Flutamide, 1 Class I study14 (adults only)
c Riluzole, SMD0.17 (95%CI−0.91 to 1.25), 1Class I study56;

confidence in evidence downgraded due to imprecision
(children only)
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Modalities of delivery

It also works online 
§ Himle et al., 2010
§ Ricketts et al., 2012
§ Andren et al., 2019
§ Hollis et al, 2021
§ Rachmamim et al., 2020, 2022 



Modalities of delivery
- Even without therapists!

§ Haas et al., 2021 (self-help ONLINE-TICS 
CBIT)

§ Tichelper.com (self-help CBIT website)
§ BT-Coach (app for ERP homework)
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Abstract: Comprehensive Behavioral Intervention for Tics (CBIT) is considered a first-lin
e therapy for

tics. However, availability
of CBIT is extremely lim

ited due to a lack of qualified therapists. This study

is a multicenter (n = 5), randomized, controlled, observer-blind tria
l including 161 adult patients with

chronic tic disorders (CTD) to provide data on efficacy and safety of an internet-delivered, completely

therapist-in
dependent CBIT intervention (iCBIT Minddistric

t® ) in the treatment of tics compared

to placebo and face-to-face (f2f) CBIT. Using a linear mixed model with
the change to baseline of

Yale Global Tic Severity
Scale-Total Tic Score (YGTSS-TTS) as a dependent variable, we found a clear

trend towards significance for superiority
of iCBIT (n = 67) over placebo (n = 70) (�1.28 (�2.58; 0.01);

p = 0.053). In additio
n, the difference in tic reduction between iCBIT and placebo increased, resultin

g

in a significant diffe
rence 3 (�2.25 (�3.75; �0.75), p = 0.003) and 6 months (�2.71 (�4.27; �1.16),

p < 0.001) after the end of treatment. Key secondary analysis indicated non-inferiority
of iCBIT in

comparison to f2f CBIT (n = 24). No safety signals were detected. Although the prim
ary endpoint was

narrowly missed, it is strongly suggested that iCBIT is superior compared to placebo. Remarkably,

treatment effects of iCBIT even increased over tim
e.

Keywords: Tourette syndrome; tics; Comprehensive Behavioral Intervention for Tics (CBIT); Internet-

Delivered Comprehensive Behavioral Intervention for Tics (iCBIT); habit reversal training (HRT);

tele-health

1. Introduction

Chronic tic
disorders (CTD) are neuropsychiatric

disorders with
childhood onset

characterized by sudden, rapid, recurrent, non-rhythmic movements or vocalizations

persisting for more than one year [1]. In additio
n to chronic motor and chronic vocal tic

disorders (characterized by the occurrence of only motor or vocal tics), Tourette syndrome

(TS) is defined as a chronic combined multip
le motor and vocal tic disorder. The prevalence

J. Clin. Med. 2022, 11, 250. https://doi.org/10.3390/jcm11010250

https://www.mdpi.com/journal/jcm



Modalities of delivery

- BT also works in groups
§ Yates et al., 2016
§ Zimmerman-Brenner et al., 2021
§ Nissen et al., 2019
§ Heijerman-Holtgrefe et al., 2020

Shorter communication

Habit reversal training and educational group treatments for children
with tourette syndrome: A preliminary randomised controlled trial

Rachel Yates a, Katie Edwards b, John King b, Olga Luzon a, Michael Evangeli a,
Daniel Stark c, Fiona McFarlane c, d, Isobel Heyman c, d, Başak _Ince e, Jana Kodric f,
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a Department of Psychology, Royal Holloway, University of London, UK
b Research Department of Clinical, Educational and Health Psychology, University College London, UK
c Tourette Syndrome Clinic, Great Ormond Street Hospital for Children NHS Foundation Trust, London, UK
d Institute of Child Health, University College London, UK
e Department of Psychology, _Istanbul Arel University, Turkey
f Division of Paediatrics, University Medical Centre Ljubljana, Slovenia
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Habit reversal training
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Randomised controlled trial
Children

a b s t r a c t

Quality of life of children with Tourette Syndrome (TS) is impacted greatly by its symptoms and their
social consequences. Habit Reversal Training (HRT) is effective but has not, until now, been empirically
evaluated in groups.

This randomised controlled trial evaluated feasibility and preliminary efficacy of eight HRT group
sessions compared to eight Education group sessions. Thirty-three children aged 9e13 years with TS or
Chronic Tic Disorder took part. Outcomes evaluated were tic severity and quality of life (QoL).

Tic severity improvements were found in both groups. Motor tic severity (Yale Global Tic Severity
Scale) showed greatest improvements in the HRT group. Both groups showed a strong tendency toward
improvements in patient reported QoL.

In conclusion, group-based treatments for TS are feasible and exposure to other children with tics did
not increase tic expression. HRT led to greater reductions in tic severity than Education. Implications,
such as cost-effectiveness of treatment delivery, are discussed.

© 2016 Published by Elsevier Ltd.

1. Introduction

Tourette Syndrome (TS) is a developmental neuropsychiatric
disorder defined by multiple motor tics and at least one vocal tic
present for over a year (American Psychiatric Association, 2013). TS
has a prevalence of 0.7% among UK 13-year-olds (Scharf, Miller,
Mathews, & Ben-Shlomo, 2012) and is four times more common
in males (Freeman et al., 2000). Tics tend to fluctuate, occurring in
bouts over time (Leckman et al., 1998) and symptoms peak between
10 and 12 years (Bloch & Leckman, 2009). The condition is associ-
ated with high comorbidity with Attention Deficit Hyperactivity
Disorder (ADHD) and Obsessive Compulsive Disorder (OCD).

Children with TS report functional impairment (Storch et al.,
2007) and diminished Quality of Life (QoL; Cutler, Murphy,
Gilmour, & Heyman, 2009). The impact of having TS can continue
into adulthood (Lewin et al., 2012).

There is good evidence supporting behavioural therapy for TS.
Recent meta-analyses indicate that Habit Reversal Training (HRT)
has the best empirical support for reducing tic severity (McGuire
et al., 2014). HRT helps participants develop an awareness of
when tics are about to occur. The individual then develops a
behaviour to stop the tic when the urge to tic arises. Through
practice, increased control is gained over each troublesome tic. HRT
has been developed into a manualised Comprehensive Behavioural
Intervention for Tics (CBIT; Woods et al., 2008). The eight-session
treatment includes a relaxation component and additional func-
tional analysis to minimise environmental triggers. CBIT has been
evaluated for use with children in a large scale randomised
controlled trial (RCT) and showed greater tic reduction when

Abbreviations: CI, Confidence interval; CMTD, Chronic Motor Tic Disorder.
* Corresponding author. DCAMH, L4 Frontage Building, Great Ormond Street

Hospital NHS Foundation Trust, Great Ormond Street, London, WC1N 3JH, UK.
E-mail address: Tara.Murphy@ucl.ac.uk (T. Murphy).

Contents lists available at ScienceDirect

Behaviour Research and Therapy

journal homepage: www.elsevier .com/locate/brat

http://dx.doi.org/10.1016/j.brat.2016.03.003
0005-7967/© 2016 Published by Elsevier Ltd.
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Modalities of delivery § Also works in fewer sessions (Chen et al., 2020)
§ Also works in shorter sessions (van de Griendt et al., 

2018)
§ Also works if intensified (Blount et al., 2014; 

Heijerman-Holtgrefe et al., 2020)
§ Also works in younger children (5-8 years old; Bennett

et al., 2020) 



Guidelines

• Start with psycho-education

• Watch and wait?



Psychoeducation
For whom?

§ Patient
§ Parents
§ Brothers/sisters?
§ Other family members/ relatives?
§ Teachers

Why?

§ Resolve misunderstanding, uncertainty and stigma in TS 
§ Improve knowledge, attitudes and behaviours
§ Help the patient/environment to identify personal strengths 
§ Provide the child with the tools to explain to others (especially teachers and 

schoolmates) 
§ Help to understand the aim and the method of therapy
§ Provide educators with general information about TS 



Advice to patients

Ancient (intuitive)
Ignore tics
Tics cannot be controlled
Evacuate tics
Behavioural
approaches/therapies don’t
work
Tic suppression increases tics
Tic suppression increases
premonitory sensation
Tic suppression creates
new/different tics

New (counter-intuitive)
Becoming aware of tics
Learn to conrol tics
Reward tic control
Use behavioura
approaches/therapies
Tic suppression does not 
increase tics
Tic suppression does not 
increase premonitory sensation
Tic suppression does not create
new/different tics



Thanks to the Dream Team ! 

Tara Murphy Cara Verdellen Jolande van de Griendt Zsanett Tarnok
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Abstract
In 2011 the European Society for the Study of Tourette Syndrome (ESSTS) published its first European clinical guidelines 
for the treatment of Tourette Syndrome (TS) with part IV on deep brain stimulation (DBS). Here, we present a revised ver-
sion of these guidelines with updated recommendations based on the current literature covering the last decade as well as a 
survey among ESSTS experts. Currently, data from the International Tourette DBS Registry and Database, two meta-analyses, 
and eight randomized controlled trials (RCTs) are available. Interpretation of outcomes is limited by small sample sizes and 
short follow-up periods. Compared to open uncontrolled case studies, RCTs report less favorable outcomes with conflicting 
results. This could be related to several different aspects including methodological issues, but also substantial placebo effects. 
These guidelines, therefore, not only present currently available data from open and controlled studies, but also include expert 
knowledge. Although the overall database has increased in size since 2011, definite conclusions regarding the efficacy and 
tolerability of DBS in TS are still open to debate. Therefore, we continue to consider DBS for TS as an experimental treat-
ment that should be used only in carefully selected, severely affected and otherwise treatment-resistant patients.

Keywords Tics · Tourette syndrome · Deep brain stimulation · Treatment · Guidelines · European Society for the Study of 
Tourette Syndrome (ESSTS)

Introduction

Tourette syndrome (TS) is a chronic motor and vocal tic 
disorder. The prevalence of TS in general population is 
estimated at 0.3–1% [1–3]. After the onset, usually at the 
age of about 4–6 years, tics tend to have a waxing and 
waning course over the years and generally reach a maxi-
mum severity around 12 years [4]. In the vast majority of 
patients, thereafter tics decrease during adolescence or early 
adulthood and overall have a favorable prognosis. In those 
patients suffering from disabling tics, behavioral and/or 

pharmacotherapy is recommended as first line treatments 
[5–8].

A minority of patients experiences a persistent course 
and does not benefit from well-established treatments and/
or experience serious side effects such as significant weight 
gain, hyperprolactinemia, somnolence and tiredness [9]. To 
date, there is no generally established definition available for 
“treatment refractoriness” and exact number of “treatment-
refractory” patients is unknown [10–12]. However, there is 
broad agreement that various types of treatments in adequate 
doses, frequency, and duration should have been used before 
classifying a patient as otherwise “treatment-refractory”. 
Surgical treatment with deep brain stimulation (DBS) should 
be taken into consideration only in patients with severe and 
otherwise treatment-refractory tics. In most of these severely 
affected patients, psychiatric comorbidity such as attention-
deficit/hyperactivity disorder (ADHD), obsessive–compul-
sive symptoms (OCS) or disorder (OCD), depression, anxi-
ety, and self-injurious behavior (SIB) is present that often 

This article is part of the focused issue “Update of the European 
clinical guidelines for Tourette Syndrome and other tic disorders”.
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§ 8 RCTs
§ International Tourette DBS Registry
§ 2 meta-analyses
§ 88 open uncontrolled case studies
§ Multiple targets: globus pallidus internus (antero-medial and postero-ventrolateral), thalamus 

(centromedial–parafascicular complex and centro-nucleus ventro-oralis internus), globus 
pallidus externus, subthalamic nucleus, anterior limb of the internal capsule, H field of Forel, 
nucleus accumbens…

§ No predictors for prognosis
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Summary
Background Deep brain stimulation (DBS) has been proposed as a treatment option for severe Tourette’s syndrome on 
the basis of fi ndings from open-label series and small double-blind trials. We aimed to further assess the safety and 
effi  cacy of bilateral globus pallidus internus (GPi) DBS in patient’s with severe Tourette’s syndrome.

Methods In a randomised, double-blind, crossover trial, we recruited eligible patients (severe medically refractory 
Tourette’s syndrome, age ≥20 years) from two clinics for tertiary movement disorders in the UK. Enrolled patients 
received surgery for GPi DBS and then were randomly assigned in a 1:1 ratio (computer-generated pairwise 
randomisation according to order of enrolment) to receive either stimulation on-fi rst or stimulation off -fi rst for 
3 months, followed by a switch to the opposite condition for a further 3 month period. Patients and rating clinicians 
were masked to treatment allocation; an unmasked clinician was responsible for programming the stimulation. The 
primary endpoint was diff erence in Yale Global Tic Severity Scale (YGTSS) total score between the two blinded 
conditions, assessed with repeated measures ANOVA, in all patients who completed assessments during both blinded 
periods. After the end of the blinded crossover phase, all patients were off ered continued DBS and continued to have 
open-label stimulation adjustments and objective assessments of tic severity until database lock 1 month after the 
fi nal patient’s fi nal trial-related visit. This trial is registered with ClinicalTrials.gov, number NCT01647269.

Findings Between Nov 5, 2009, and Oct 16, 2013, we enrolled 15 patients (11 men, four women; mean age 34·7 years 
[SD 10·0]). 14 patients were randomly assigned and 13 completed assessments in both blinded periods (seven in the 
on-fi rst group, six in the off -fi rst group). Mean YGTSS total score in these 13 patients was 87·9 (SD 9·2) at baseline, 
80·7 (SD 12·0) for the off -stimulation period, and 68·3 (SD 18·6) for the on-stimulation period. Pairwise comparisons 
in YGTSS total scores after Bonferroni correction were signifi cantly lower at the end of the on-stimulation period 
compared with the off -stimulation period, with a mean improvement of 12·4 points (95% CI 0·1–24·7, p=0·048), 
equivalent to a diff erence of 15·3% (95% CI 5·3–25·3). All 15 patients received stimulation in the open-label phase. 
Overall, three serious adverse events occurred (two infections in DBS hardware at 2 and 7 weeks postoperatively, and 
one episode of deep-brain-stimulation-induced hypomania during the blinded on-stimulation period); all three 
resolved with treatment.

Interpretation GPi stimulation led to a signifi cant improvement in tic severity, with an overall acceptable safety 
profi le. Future research should concentrate on identifying the most eff ective target for DBS to control both tics and 
associated comorbidities, and further clarify factors that predict individual patient response.

Funding UK National Health Service.

Introduction
The clinical hallmark of Tourette’s syndrome is the 
presence of multiple motor and vocal tics, often preceded 
by premonitory sensations or urges, and frequently 
complicated by neurobehavioural comorbidities including 
attention defi cit hyperactivity disorder, obsessive-
compulsive disorder, impulse control disorder, self-
injurious behaviour, and personality and mood disorders.1–3

Most patients with Tourette’s syndrome have a pre-
pubertal increase in tic severity, followed by a remission 
towards late adolescence or early adulthood. Nevertheless, 
a substantial number of patients can continue to experience 
disabling symptoms in adulthood, needing lifelong 
treatment.4 Behavioural therapies, α-2 adrenoceptor 
agonists, antipsychotic drugs, anti convulsant drugs, 
benzodiazepines, and injections of botulinum toxin can all 

off er some symptomatic relief.2,3 Nevertheless, in a 
proportion of patients these approaches are insuffi  ciently 
eff ective or accompanied by intolerable side-eff ects; among 
this group are a number of severely aff ected patients for 
whom surgical approaches such as deep brain stimulation 
(DBS) could present an alternative treatment option.5

The fi rst report of DBS for the treatment of refractory 
Tourette’s syndrome was published in 1999 by Vandewalle 
and colleagues,6 targeting the same thalamic nuclei (ie, 
centromedian-parafascicular complex [CM/Pf ] and 
ventral oral internus nuclei) that were subject to 
stereotactic ablation by Hassler and Dieckmann in the 
1970s.7 Since then, various areas of the brain have been 
targeted by DBS, including the CM/Pf complex of the 
thalamus, the subthalamic nucleus, nucleus accumbens 
and anterior limb of the internal capsule, and the globus 
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Introduction
The clinical hallmark of Tourette’s syndrome is the 
presence of multiple motor and vocal tics, often preceded 
by premonitory sensations or urges, and frequently 
complicated by neurobehavioural comorbidities including 
attention defi cit hyperactivity disorder, obsessive-
compulsive disorder, impulse control disorder, self-
injurious behaviour, and personality and mood disorders.1–3

Most patients with Tourette’s syndrome have a pre-
pubertal increase in tic severity, followed by a remission 
towards late adolescence or early adulthood. Nevertheless, 
a substantial number of patients can continue to experience 
disabling symptoms in adulthood, needing lifelong 
treatment.4 Behavioural therapies, α-2 adrenoceptor 
agonists, antipsychotic drugs, anti convulsant drugs, 
benzodiazepines, and injections of botulinum toxin can all 

off er some symptomatic relief.2,3 Nevertheless, in a 
proportion of patients these approaches are insuffi  ciently 
eff ective or accompanied by intolerable side-eff ects; among 
this group are a number of severely aff ected patients for 
whom surgical approaches such as deep brain stimulation 
(DBS) could present an alternative treatment option.5

The fi rst report of DBS for the treatment of refractory 
Tourette’s syndrome was published in 1999 by Vandewalle 
and colleagues,6 targeting the same thalamic nuclei (ie, 
centromedian-parafascicular complex [CM/Pf ] and 
ventral oral internus nuclei) that were subject to 
stereotactic ablation by Hassler and Dieckmann in the 
1970s.7 Since then, various areas of the brain have been 
targeted by DBS, including the CM/Pf complex of the 
thalamus, the subthalamic nucleus, nucleus accumbens 
and anterior limb of the internal capsule, and the globus 
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problems; other disease compromising life expectancy; 
likely benefi t from psychological intervention; pregnancy; 
or age younger than 20 years.

The trial conformed to the Declaration of Helsinki and 
Good Clinical Practice guidelines, and was approved by 
the ethics committees at participating centres. All 
patients provided written informed consent before 
enrolment.

Randomisation and masking
We randomly assigned participants to either the 
stimulation off -fi rst group (no stimulation for the fi rst 
3 month period, followed by stimulation for the second 
3 month period) or the stimulation on-fi rst group 
(stimulation for the fi rst 3 month period, followed by no 
stimulation for the second 3 month period). We used 
computer-generated pairwise randomisation according 
to order of enrolment, so that similar numbers of patients 
were recruited to each study group. The randomisation 
sequence was generated by the chief investigator, and 
revealed only to the unblinded clinician responsible for 
the programming of the stimulation. The patients and 
the clinicians directly involved in the scoring were not 
aware of the condition of stimulation. The unblinded 
clinician responsible for the DBS programming spent 
the same time adjusting the stimulator of the patients at 
the start of the on-stimulation or off -stimulation periods. 
Adjustments or pseudoadjustments were done in an 
identical manner during both blinded periods, based on 
instruction from the blinded clinician that response to 
treatment was suboptimum, and with use of increments 
of 0·1–0·2 V. The electrical parameters were selected to 
avoid side-eff ects and amplitudes gradually increased at 
the start of the on-stimulation period to avoid any 
sensation of stimulation being perceived by the patients.

Procedures
Each patient was screened for eligibility at a 
multidisciplinary evaluation, including assessment by at 
least one neurologist, functional neurosurgeon, neuro-
psychiatrist, and neuropsychologist. All patients under-
went a baseline assessment, followed 4 weeks later by 
stereotactic implantation of bilateral DBS electrodes 
(model 3387 or 3389, Medtronic, Minneapolis, MN, USA) 
into the GPi (fi gure 1). In London, implantation of 
electrodes for bilateral DBS was guided by individual 
targeting on stereotactic proton-density MRI, visualising 
the individual pallidal target. A Leksell stereotactic frame 
was used, without microelectrode recording and with 
immediate postoperative stereotactic MRI to document 
electrode location in relation to the patient’s individual 
anatomy. All patients were operated on under general 
anaesthesia. Full details of this neurosurgical procedure 
have been published previously.17,18 In Manchester, target 
verifi cation was confi rmed with MRI of bilateral plastic 
stylettes before the insertion of the fi nal electrodes for 
DBS that followed the same trajectory.19 All patients 

received Activa PC implantable pulse generators 
(Medtronic, Minneapolis, MN, USA).

All participants were scheduled for a fi rst postoperative 
assessment 6 weeks after electrode implantation. After 
this assessment, patients were screened for the eff ects of 
stimulation. We adjusted stimulation parameters during 
a 1 week unblinded period. The optimum settings were 
determined with use of most eff ective parameters for 
tics with the lowest energy, without causing side-eff ects. 
Patients were then randomly assigned in pairs to the 
stimulation on-fi rst group or the stimulation off -fi rst 
group for the subsequent 3 months, after which they 
would switch to the opposite condition. We routinely 
contacted patients at least once monthly and intermediate 
blinded adjustments or pseudoadjustments were done 
by a non-blinded member of the trial team, as instructed 
by the blinded clinician according to tic control or 
reported side-eff ects. Detailed assessments were 
scheduled at the end of each of the 3-month blinded 
periods (fi gure 1).

At the end of the blinded crossover phase, patients 
were given the option of having their stimulators 
permanently switched on. Patients were invited to 
routine follow-up and assessed in an open-label fashion 
at least every 6 months until database lock (1 month after 
the fi nal patient’s fi nal trial-related visit), with further 
adjustments to their stimulation parameters made as 
necessary. Longer-term open-label follow-up with an 
abbreviated battery of assessments is ongoing.

Formal assessments were done at each visit as per the 
trial protocol by a clinician masked to stimulation status, 
and included completion of the following scales: YGTSS; 
Yale-Brown Obsessive-Compulsive Scale; Modifi ed Rush 
Video Rating Scale; Diagnostic Confi dence Index; Motor 
Tic, Obsessions and Compulsions, Vocal Tic Evaluation 
Survey scale; and Gilles de la Tourette Syndrome Quality 
of Life (GTS-QOL) scale. Patients also completed the 
Beck Depression Inventory, the State-Trait Anxiety 
Inventory, the Neuropsychiatric Inventory, and a battery 
of neuropsychological tests (California Verbal Learning 

Baseline Surgery
Screening of 
stimulation Randomisation Crossover

Option for stimulation to be 
switched permanently on

Stimulation off

Stimulation off

Adjustment or 
pseudoadjustment
of stimulation

Adjustment or
pseudoadjustment
of stimulation

Adjustments of 
stimulation

Assessment as per protocol

4 weeks 6 weeks 1 week 12 weeks 12 weeks

Stimulation on

Stimulation on
Stimulation on

Double-blind phase Open-label phase

Figure 1: Study design
Patients remain under follow-up in the University College London and Salford Royal specialist Tourette’s clinics to 
enable future reporting of long-term outcomes.
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Bonferroni correction (GTS-QOL mean diff erence 4·9, 
95% CI –13·9 to 23·8, p=1·0; California Verbal Learning 
Test [immediate recall] mean diff erence 2·0, 95% CI 
–0·16 to 4·16, p=0·07). We noted no other signifi cant 
changes in other secondary outcomes comparing baseline, 
blinded on-stimulation, and off -stimulation timepoints 
using repeated measures ANOVA.

Seven patients had an improvement in tic severity on 
the basis of the 6-week postoperative, prestimulation 
assessment, possibly suggesting a residual microlesion 
eff ect of the surgery (table 2). In a post-hoc comparison 
of the subitems of the YGTSS for the blinded phase of 
the trial (on-stimulation period vs off -stimulation period), 
we noted a signifi cant eff ect of timepoint for the mean 
motor tic, vocal tic, and impairment subscores. The 
pairwise comparisons of off -stimulation versus on-
stimulation showed a signifi cant diff erence for the motor 
subscore (mean diff erence 2·92, 95% CI 0·14 to 5·71, 
p=0·039), but only borderline trends for the vocal tic 
subscore (mean diff erence 2·54, 95% CI –0·18 to 5·26, 
p=0·07) and impairment subscore (mean diff erence 6·92, 

95% CI –0·38 to 14·23, p=0·065) after Bonferroni 
correction. There was also a signifi cant eff ect of timepoint 
in the mean Modifi ed Rush Video Rating Scale observed 
and unobserved scores, and a signifi cant improvement 
for the on-stimulation period compared with the off -
stimulation period in the mean observed Modifi ed Rush 
Video Rating Scale score (mean diff erence 1·75, 95% CI 
0·16 to 3·35, p=0·031; table 3).

After the blinded crossover phase ended, all 13 patients 
opted to have their stimulators permanently switched on 
and (along with the two patients who withdrew from the 
blinded phase of the trial) were followed up on an open-
label basis for a mean of 16·7 months (range 8–36) 
postoperatively, until database lock. Open-label YGTSS 
total scores (n=15) at latest follow up were reduced by 
40·1% (95% CI 28·1 to 52·1) compared with baseline 
(table 2). All secondary outcome measures that were 
assessed at this timepoint were also signifi cantly improved 
compared with baseline, except Yale-Brown Obsessive 
Compulsive Scale and State Trait Anxiety Inventory 
(table 3). The mean improvement in GTS-QOL score at 

YGTSS score Diff erence in 
YGTSS scores

Baseline 6 weeks 
postoperative

Treatment 
group

Blinded off -
stimulation

Blinded on-
stimulation

Open-label 
on-
stimulation

Blinded phase 
(off -
stimulation 
period vs on-
stimulation 
period)

Baseline vs 
open-label 
stimulation 
phase

Patient A 80 48 Off , on 68 39 33 29 (43%) 47 (59%)

Patient B 99 98 Off , on 99 78 42 21 (21%) 47 (58%)

Patient C 93 92 NA NA NA 4 ·· 89 (96%)

Patient D 87 74 Off , on 85 66 63 19 (22%) 24 (28%)

Patient E 81 81 Off , on 81 81 66 0 15 (19%)

Patient F 93 70 On, off 67 59 48 8 (12%) 45 (48%)

Patient G 74 75 On, off 75 77 74 –2 (–3%) 0

Patient H 93 79 Off , on 82 63 49 19 (23%) 44 (47%)

Patient I 82 83 On, off NA NA 47 ·· 35 (43%)

Patient J 80 55 On, off 67 62 62 5 (7%) 18 (23%)

Patient K 96 96 On, off 70 55 46 15 (21%) 50 (52%)

Patient L 71 59 Off , on 71 71 59 0 12 (17%)

Patient M 98 97 On, off 94 97 83 –3 (–3%) 15 (15%)

Patient N 99 100 Off , on 98 100 51 –2 (–2%) 48 (48%)

Patient O 92 40 On, off 92 40 46 52 (57%) 46 (50%)

Mean (SD) 87·9 (9·2) 76·5 (19·1) ·· 80·7 (12·0) 68·3 (18·6) 51·5 (18·5) 12·4 (15·9) 36·3 (22·6)

95% CI for mean 
diff erence (p value)

·· ·· ·· ·· ·· ·· 0·1–24·7 
(p=0·048)*

23·8–48·9 
(p<0·0001)†

Proportional mean 
diff erence (95% CI)

·· ·· ·· ·· ·· ·· 15·3% 
(5·3–25·3)

40·1% 
(28·1–52·1)

For purposes of maintaining confi dentiality, the patient sequence presented in here (and in the appendix) does not correspond with the sequence presented in table 1. YGTSS 
total score on a scale of 0 to 100. This scale comprises a total tic severity subscore (providing an evaluation of the number, frequency, intensity, complexity, and interference 
of motor and vocal tics, ranging from 0 to 50) and an impairment subscore (taking into account diffi  culties in self-esteem, family life, social acceptance, or school or job 
functioning due to tics, ranges from 0 to 50), with higher scores suggesting greater severity. During trial recruitment, impairment subscore was transformed to a 0–5 
analogue and added to the total tics severity subscore (ranging from 0 to 55). Positive diff erence means improvement. YGTSS=Yale Global Tic Severity Scale. NA=not 
available. *Primary endpoint analysis; pairwise comparisons of YGTSS total scores after Bonferroni correction. †Post-hoc analysis.

 Table 2: Individual results for YGTSS total score in all patients



610 www.thelancet.com/neurology   Vol 16   August 2017

Articles

Lancet Neurol 2017; 16: 610–19

Published Online 
June 20, 2017 

http://dx.doi.org/10.1016/
S1474-4422(17)30160-6

See Comment page 575

*Members listed in the appendix

Assistance Publique—Hôpitaux 
de Paris (AP-HP), 

Pitié-Salpêtrière Hospital, 
Neurology Department 

(M-L Welter MD, Y Worbe MD, 
A Hartmann MD, 

V Czernecki PhD), Neurosurgery 
(Prof P Cornu MD, C Karachi MD), 

Clinical Investigation Centre 
(M-L Welter), INSERM 1127, 

Sorbonne Universités, 
Université Pierre et Marie Curie 

Université Paris 06, Unité 
Mixte de Recherche (UMR) 

S1127, Centre National de la 
Recherche Scientifique (CNRS), 
UMR 7225, Institut du Cerveau 

et de la Moelle Epinière 
(M-L Welter, E Bardinet PhD, 

J Yelnik MD, Prof M Vidailhet MD, 
C Karachi, Prof L Mallet MD, 

Prof Y Agid MD), Paris, France; 
AP-HP, Pitié-Salpêtrière 

Hospital, Biostatistics and 
Medical Informatics Unit and 

Clinical Research Unit 
(S Tezenas du Montcel MD, 

A Tanguy), Sorbonne 
Universités, Université Pierre 

et Marie Curie Université Paris 
06, UMR S1136, Institut Pierre 

Louis d’Epidémiologie et de 
Santé Publique 

(S Tezenas du Montcel), Paris, 
France; AP-HP, Personalised 

Neurology and Psychiatry 
University Department, 

Hôpitaux Universitaires Henri 
Mondor – Albert Chenevier, 
Université Paris Est Créteil, 

Créteil, France (Prof L Mallet); 
Department of Mental Health 

and Psychiatry, Geneva 
University Hospital, University 

of Geneva, Geneva, Switzerland 
(Prof L Mallet); Department of 

Neurology (Prof J-L Houeto MD, 
S Ansquer MD), Department of 

Neurosurgery

Anterior pallidal deep brain stimulation for Tourette’s 
syndrome: a randomised, double-blind, controlled trial
Marie-Laure Welter, Jean-Luc Houeto, Stéphane Thobois, Benoit Bataille, Marc Guenot, Yulia Worbe, Andreas Hartmann, Virginie Czernecki, 
Eric Bardinet, Jerome Yelnik, Sophie Tezenas du Montcel, Yves Agid, Marie Vidailhet, Philippe Cornu, Audrey Tanguy, Solène Ansquer, 
Nematollah Jaafari, Emmanuel Poulet, Giulia Serra, Pierre Burbaud, Emmanuel Cuny, Bruno Aouizerate, Pierre Pollak, Stephan Chabardes, 
Mircea Polosan, Michel Borg, Denys Fontaine, Bruno Giordana, Sylvie Raoul, Tiphaine Rouaud, Anne Sauvaget, Isabelle Jalenques, Carine Karachi, 
Luc Mallet, for the STIC study group*

Summary
Background Deep brain stimulation (DBS) has been proposed to treat patients with severe Tourette’s syndrome, and 
open-label trials and two small double-blind trials have tested DBS of the posterior and the anterior internal globus 
pallidus (aGPi). We aimed to specifically assess the efficacy of aGPi DBS for severe Tourette’s syndrome.

Methods In this randomised, double-blind, controlled trial, we recruited patients aged 18–60 years with severe and 
medically refractory Tourette’s syndrome from eight hospitals specialised in movement disorders in France. Enrolled 
patients received surgery to implant bilateral electrodes for aGPi DBS; 3 months later they were randomly assigned 
(1:1 ratio with a block size of eight; computer-generated pairwise randomisation according to order of enrolment) to 
receive either active or sham stimulation for the subsequent 3 months in a double-blind fashion. All patients then 
received open-label active stimulation for the subsequent 6 months. Patients and clinicians assessing outcomes were 
masked to treatment allocation; an unmasked clinician was responsible for stimulation parameter programming, 
with intensity set below the side-effect threshold. The primary endpoint was difference in Yale Global Tic Severity 
Scale (YGTSS) score between the beginning and end of the 3 month double-blind period, as assessed with a Mann-
Whitney-Wilcoxon test in all randomly allocated patients who received active or sham stimulation during the double-
blind period. We assessed safety in all patients who were enrolled and received surgery for aGPi DBS. This trial is 
registered with ClinicalTrials.gov, number NCT00478842.

Findings Between Dec 6, 2007, and Dec 13, 2012, we enrolled 19 patients. We randomly assigned 17 (89%) patients, 
with 16 completing blinded assessments (seven [44%] in the active stimulation group and nine [56%] in the sham 
stimulation group). We noted no significant difference in YGTSS score change between the beginning and the end of 
the 3 month double-blind period between groups (active group median YGTSS score 68⋅5 [IQR 34⋅0 to 83⋅5] at the 
beginning and 62⋅5 [51⋅5 to 72⋅0] at the end, median change 1·1% [IQR –23·9 to 38·1]; sham group 73⋅0 [69⋅0 to 79⋅0] 
and 79⋅0 [59⋅0 to 81⋅5], median change 0·0% [–10·6 to 4·8]; p=0·39). 15 serious adverse events (three in patients 
who withdrew before stimulation and six each in the active and sham stimulation groups) occurred in 13 patients 
(three who withdrew before randomisation, four in the active group, and six in the sham group), with infections in 
DBS hardware in four patients (two who withdrew before randomisation, one in the sham stimulation group, and 
one in the active stimulation group). Other serious adverse events included one electrode misplacement (active 
stimulation group), one episode of depressive signs (active stimulation group), and three episodes of increased tic 
severity and anxiety (two in the sham stimulation group and one in the active stimulation group).

Interpretation 3 months of aGPi DBS is insufficient to decrease tic severity for patients with Tourette’s syndrome. 
Future research is needed to investigate the efficacy of aGPi DBS for patients over longer periods with optimal 
stimulation parameters and to identify potential predictors of the therapeutic response.
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Introduction
Tourette’s syndrome is characterised by motor and vocal 
tics that are frequently associated with behavioural 
disorders, including, in particular, attention deficit 
hyperactivity disorder, obsessive-compulsive disorder, 
self-injury, anxiety, and depression.1 It is a disabling 
chronic neuropsychiatric disorder and has considerable 
repercussions for family relationships, social life, and the 
ability to function at work. The recommended therapeutic 
options for Tourette’s syndrome include antipsychotic 

drugs, benzodiazepines, α2 adrenoreceptor agonists, 
botulinum toxin injections, and cognitive behavioural 
therapy.2,3 However, despite medical treatment, some 
patients appear to have persistent symptoms and 
experience lasting functional and social repercussions.4

The physiological basis of Tourette’s syndrome is not 
fully understood, but dysfunction of motor and 
associative-limbic fronto-striato-thalamo-cortical circuits 
have been reported.5 Furthermore, modulation of these 
circuits induce motor and behavioural signs resembling 
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(three who withdrew before randomisation, four in the active group, and six in the sham group), with infections in 
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the subsequent 3 months (ie, month 3 to month 6), with 
monthly assessments. At the end of this 3 month double-
blind period, all patients received active stimulation for 
the subsequent 6 months in an open-label fashion (ie, 
from month 6 to month 12). Finally, stimulation was 
switched off at the end of the study and patients were 
assessed 72 h afterwards.

Clinical assessments were done at each visit by 
psychiatrists and neurologists, and consisted of the 
following scales: the YGTSS; the RVRS; Global Assessment 
Functioning (GAF); Clinical Global Impression (CGI); the 
Comprehensive Psycho pathological Rating Scale, which 
includes the MADRS and Brief Anxiety Scale (BAS); the 
Hospital Anxiety and Depression Scale (HADS); the Yale 
Brown Obsessive-Compulsive Scale (Y-BOCS); the Stroop 
interference index; and the Social Adjustment Scale Self-
Reported (SAS-SR). Patients also completed the Short 
Form (36) Health Survey (SF-36), WHO Quality Of Life 
(WHOQOL), and the Functional Status Questionnaire 
(FSQ) at inclusion, month 6, month 9, and month 12. We 
recommended that patients’ medical treatments for 
Tourette’s syndrome remain stable over the study period. 
We carefully recorded treatment adjustments nec essitated 
by patients’ psychiatric conditions.

Outcomes
The primary outcome was change in total YGTSS score 
between the beginning and end of the 3 month double-
blind period (month 3 vs month 6). Prespecified secondary 
outcomes were changes in the following scales between 
the beginning and end of the double-blind period: motor 
and vocal tic YGTSS subscales, the RVRS, GAF, CGI, the 
MADRS, the BAS, the HADS, the Y-BOCS, the Stroop 
interference index, the SAS-SR, the SF-36 physical and 
mental subscales, WHOQOL, and the FSQ (appendix 
pp 2–3). Other prespecified secondary outcomes were 
changes in these scales between surgery and 
randomisation (inclusion vs month 3) to assess the effects 
of surgery, between the beginning and end of active 
stimulation during the open-label period (month 6 vs 
month 12), and between inclusion and the end of the 
open-label period (inclusion vs month 12). Further 
prespecified secondary outcomes were changes in the 
YGTSS and RVRS between the end of the open-label 
period with active stimulation and 72 h after stimulation 
being switched off (month 12 active stimulation vs 
month 12 off-stimulation). We assessed safety in all 
patients who were enrolled and received surgery for aGPi 
DBS. We classified any new symptom as an adverse event. 
We classified an adverse event as serious if the patient 
required admission to hospital, if sequelae were present, 
or if the clinician considered the event to be serious.

Statistical analysis
We based the power calculation on the estimation that, at 
inclusion, patients’ mean YGTSS scores would be 50, 
with an SD of 15. We designed the study to have an 

Figure 2: Electrode locations
Positions of all electrodes, presented along the long axis of each electrode within 
the anterior internal globus pallidus (green). A three-dimensional superior view 
after fusion with the three-dimensional MRI image is presented, the axial 
position of which is shown. The electrodes all penetrate the anterior 
associative-limbic territory of the anterior internal globus pallidus. The active 
contacts are shown in blue and the non-active contacts are shown in grey.

20 patients assessed for eligibility

17 randomly assigned

19 enrolled and received surgery 
for aGPi DBS

1 excluded as did not give 
consent

2 withdrew before 
randomisation because 
of infection leading to 
stimulator and electrode 
removal

9 assigned sham stimulation

9 included in primary analysis

1 withdrew before 
stimulation because 
of chronic alcoholism

8 assigned active stimulation

7 included in primary analysis

16 included in open-label period

Op
en

-la
be

l p
er

io
d

Do
ub

le
-b

lin
d 

pe
rio

d

Figure 3: Trial profile
aGPi DBS=anterior internal globus pallidus deep brain stimulation. 
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L E T T E R S : N E W O B S E R V A T I O N S

Long-Term Effects of Anterior
Pallidal Deep Brain Stimulation

for Tourette’s Syndrome

Tourette’s syndrome (TS) is a disabling chronic neuropsy-
chiatric disorder characterized by motor and vocal tics, associ-
ated with behavioral disorders1 and repercussions on family
relationships, social life, and ability to work. Although prelimi-
nary findings suggest that deep brain stimulation of the ante-
rior internal pallidum (aGPi-DBS) may reduce symptoms of
severe and refractory forms of TS, long-term outcomes have
not been fully reported.2,3 We prospectively followed 16 TS
patients treated with aGPi-DBS for 48 months.4 The trial was
conducted in 8 academic centers in accordance with the Decla-
ration of Helsinki and Good Clinical Practice guidelines and
approved by the local ethics committee (https://clinicaltrials.
gov/ct2/show/NCT00478842). All patients provided written
informed consent. The primary end point was the difference in
the Yale Global Tic Severity Scale (YGTSS) score at the last
follow-up compared with at inclusion. We also assessed psy-
chiatric symptoms, global functioning, and tolerance. Twelve

patients completed the follow-up study (Fig. S1). At the final
follow-up, the YGTSS total score decreased by a median of
48 points (Q1 to Q3, 29.8 to 61.3) compared with inclusion
(P = 0.01, Table 1), with 9 of the 12 patients (75%) consid-
ered responders (mean decrease, 69.5%). The global function-
ing and anxiety scales also significantly improved (Table S1),
and none of the 7 patients with self-injurious behaviors at
baseline showed such residual behavior (P = 0.02). During the
follow-up period, the medication was not significantly changed
(Table S2), whereas electric charge was significantly increased
(P = 0.01). Five serious adverse events occurred, including
1 lead and extension fracture requiring reimplantation in
1 patient, 2 stimulator replacements because of discharged bat-
teries, and 1 patient showing increased tic severity (Table S3).
Our results confirm recent published data that reported a 55%
reduction in the motor and phonic tics in patients followed for
at least 3 years with aGPi-DBS,3 with improvement in quality
of life and global functioning,5 similar to that also reported
with DBS of other limbic structures such as the Centromedian-
Parafascicular nucleus (CM-Pf) of the thalamus.6 Anterior GPi
also significantly improved self-injurious behaviors, found in
22% of TS patients before surgery.6 Such a reduction of
self-injurious behaviors was also reported with posterior GPi

TABLE 1. Changes in tic severity (YGTSS) after anteromedial GPi stimulation in 16 patients with Tourette’s syndrome

YGTSS score Difference in YGTSS scores

Patient
No.

Center
No.

Randomized
study Sex Age Baseline M12 M30 M48

Last follow-up vs
baseline (%)

Last follow-up vs
M12 (%)

1 1 On M 57 77 29 18 24 −53 (−69%) −5 (−17%)
2 1 Off M 22 76 22 8 _ −68 (−89%) −14 (−64%)
3 1 Off F 23 75 35 39 35 −40 (−53%) 0
6 1 Off M 33 75 43 33 28 −47 (−63%) −15 (−34%)
7 1 On M 31 82 71 51 33 −49 (−59%) −38 (−53%)
8 1 Off F 19 67 27 62 80 13 (19%) 53 (196%)
9 1 Off F 22 79 24 30 33 −46 (−58%) 9 (37.5%)
10 2 On M 22 63 94 71 71 8 (13%) −23 (−24%)
11 4 On M 37 83 88 — — — —

12 5 On M 40 58 36 — — — —

13 5 Off M 28 97 80 — — — —

14 6 On M 28 81 48 32 19 −62 (−76.5%) −29 (−60%)
16 7 Off M 21 95 24 44 28 −67 (−70.5%) 4 (17%)
17 7 Off F 57 68 40 87 69 1 (1.5%) 29 (72.5%)
18 7 Off M 21 71 37 18 10 −61 (−86%) −27 (−73%)
19 9 On M 30 59 23 — — — —

Mean 30.7 75.4 45.1 41.8 39.1 −39.3 (−49.3%) −4.7 (−0.3%)
SD 11.9 11.1 24.4 23.3 23.2 29.5 (38.2%) 26.1 (76.0%)

YGTSS, Yale Global Tic Severity Scale (range, 0 to 100), higher scores indicate greater severity; NA, not available.
Difference and percentage of changes (%) between month 48 and baseline (inclusion) and between month 48 and month 12 (open-label period). Negative values
indicate improvement.
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9 1 Off F 22 79 24 30 33 −46 (−58%) 9 (37.5%)
10 2 On M 22 63 94 71 71 8 (13%) −23 (−24%)
11 4 On M 37 83 88 — — — —

12 5 On M 40 58 36 — — — —

13 5 Off M 28 97 80 — — — —

14 6 On M 28 81 48 32 19 −62 (−76.5%) −29 (−60%)
16 7 Off M 21 95 24 44 28 −67 (−70.5%) 4 (17%)
17 7 Off F 57 68 40 87 69 1 (1.5%) 29 (72.5%)
18 7 Off M 21 71 37 18 10 −61 (−86%) −27 (−73%)
19 9 On M 30 59 23 — — — —

Mean 30.7 75.4 45.1 41.8 39.1 −39.3 (−49.3%) −4.7 (−0.3%)
SD 11.9 11.1 24.4 23.3 23.2 29.5 (38.2%) 26.1 (76.0%)

YGTSS, Yale Global Tic Severity Scale (range, 0 to 100), higher scores indicate greater severity; NA, not available.
Difference and percentage of changes (%) between month 48 and baseline (inclusion) and between month 48 and month 12 (open-label period). Negative values
indicate improvement.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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L E T T E R S : N E W O B S E R V A T I O N S

Long-Term Effects of Anterior
Pallidal Deep Brain Stimulation

for Tourette’s Syndrome

Tourette’s syndrome (TS) is a disabling chronic neuropsy-
chiatric disorder characterized by motor and vocal tics, associ-
ated with behavioral disorders1 and repercussions on family
relationships, social life, and ability to work. Although prelimi-
nary findings suggest that deep brain stimulation of the ante-
rior internal pallidum (aGPi-DBS) may reduce symptoms of
severe and refractory forms of TS, long-term outcomes have
not been fully reported.2,3 We prospectively followed 16 TS
patients treated with aGPi-DBS for 48 months.4 The trial was
conducted in 8 academic centers in accordance with the Decla-
ration of Helsinki and Good Clinical Practice guidelines and
approved by the local ethics committee (https://clinicaltrials.
gov/ct2/show/NCT00478842). All patients provided written
informed consent. The primary end point was the difference in
the Yale Global Tic Severity Scale (YGTSS) score at the last
follow-up compared with at inclusion. We also assessed psy-
chiatric symptoms, global functioning, and tolerance. Twelve

patients completed the follow-up study (Fig. S1). At the final
follow-up, the YGTSS total score decreased by a median of
48 points (Q1 to Q3, 29.8 to 61.3) compared with inclusion
(P = 0.01, Table 1), with 9 of the 12 patients (75%) consid-
ered responders (mean decrease, 69.5%). The global function-
ing and anxiety scales also significantly improved (Table S1),
and none of the 7 patients with self-injurious behaviors at
baseline showed such residual behavior (P = 0.02). During the
follow-up period, the medication was not significantly changed
(Table S2), whereas electric charge was significantly increased
(P = 0.01). Five serious adverse events occurred, including
1 lead and extension fracture requiring reimplantation in
1 patient, 2 stimulator replacements because of discharged bat-
teries, and 1 patient showing increased tic severity (Table S3).
Our results confirm recent published data that reported a 55%
reduction in the motor and phonic tics in patients followed for
at least 3 years with aGPi-DBS,3 with improvement in quality
of life and global functioning,5 similar to that also reported
with DBS of other limbic structures such as the Centromedian-
Parafascicular nucleus (CM-Pf) of the thalamus.6 Anterior GPi
also significantly improved self-injurious behaviors, found in
22% of TS patients before surgery.6 Such a reduction of
self-injurious behaviors was also reported with posterior GPi

TABLE 1. Changes in tic severity (YGTSS) after anteromedial GPi stimulation in 16 patients with Tourette’s syndrome

YGTSS score Difference in YGTSS scores

Patient
No.

Center
No.

Randomized
study Sex Age Baseline M12 M30 M48

Last follow-up vs
baseline (%)

Last follow-up vs
M12 (%)

1 1 On M 57 77 29 18 24 −53 (−69%) −5 (−17%)
2 1 Off M 22 76 22 8 _ −68 (−89%) −14 (−64%)
3 1 Off F 23 75 35 39 35 −40 (−53%) 0
6 1 Off M 33 75 43 33 28 −47 (−63%) −15 (−34%)
7 1 On M 31 82 71 51 33 −49 (−59%) −38 (−53%)
8 1 Off F 19 67 27 62 80 13 (19%) 53 (196%)
9 1 Off F 22 79 24 30 33 −46 (−58%) 9 (37.5%)
10 2 On M 22 63 94 71 71 8 (13%) −23 (−24%)
11 4 On M 37 83 88 — — — —

12 5 On M 40 58 36 — — — —

13 5 Off M 28 97 80 — — — —

14 6 On M 28 81 48 32 19 −62 (−76.5%) −29 (−60%)
16 7 Off M 21 95 24 44 28 −67 (−70.5%) 4 (17%)
17 7 Off F 57 68 40 87 69 1 (1.5%) 29 (72.5%)
18 7 Off M 21 71 37 18 10 −61 (−86%) −27 (−73%)
19 9 On M 30 59 23 — — — —

Mean 30.7 75.4 45.1 41.8 39.1 −39.3 (−49.3%) −4.7 (−0.3%)
SD 11.9 11.1 24.4 23.3 23.2 29.5 (38.2%) 26.1 (76.0%)

YGTSS, Yale Global Tic Severity Scale (range, 0 to 100), higher scores indicate greater severity; NA, not available.
Difference and percentage of changes (%) between month 48 and baseline (inclusion) and between month 48 and month 12 (open-label period). Negative values
indicate improvement.
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a b s t r a c t

Background: There are still no sufficient data regarding the use of deep brain stimulation (DBS) in Gilles
de la Tourette syndrome (GTS) and no agreement on optimal target.
Objective: To compare efficacy and safety of bilateral DBS of thalamus (centromedian-ventro-oral
internus, CM-Voi) versus posteroventral lateral globus pallidus internus (pvl GPi)) versus sham stimu-
lation, and baseline in severe medically refractory GTS.
Methods: In this randomized double-blind sham stimulation-controlled trial (RCT), 10 patients (3
women, mean age ¼ 29.4 ± 10.2 SD, range 18e47) underwent three blinded periods each lasting three
months including (i) sham, (ii) pvl GPi (on-GPi), and (iii) thalamic stimulation (on-thal) followed by an
open uncontrolled long-term follow-up (up to 9 years) with individually determined target and stim-
ulation settings.
Results: Nine patients completed the RCT. At group level, on-GPi e but not on-thal e resulted in a sig-
nificant tic reduction compared to baseline, but had no effect on premonitory urges and psychiatric
comorbidities. Direct comparisons of targets resulted in inconsistent or negative (compared to sham)
findings. During follow-up, we found no improvement of tics, comorbidities, and quality of life at group
level, however, single patients benefitted continuously from thalamic DBS. At last follow-up 89.9 months
(mean) after surgery, 50% of patients had discontinued DBS. Hardware infections occurred in 3/10
patients.
Conclusion: Our data suggest that the initial effect of pvl GPi DBS is superior to thalamic (CM-Voi) DBS.
While half of the patients discontinued treatment, single patients benefitted from thalamic DBS even
after years. It is likely that outcome is influenced by various factors beyond the mere change in tic
severity.
© 2021 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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§ 10 patients
§ Targets: pvl GPi + CM-Voi
§ 36 weeks (3x12) blinded
§ F/U to 9 years



intercommissural line, and 3e4 mm posterior to the mid-
commissural point (trajectory slightly angled).

Standard quadripolar DBS electrodes (model 3387, Medtronic
Inc., Minneapolis) were implanted via four separate burr holes (just
lateral to the midline at the level of the coronal suture for the CM-
Voi target and 2 cm lateral to the midline just anterior to the cor-
onal suture for the pvl GPi). At skin incision propofol was stopped
and sedationwas continued with sevoflurane and remifentanil. The
targets were refined further by high-impedance microelectrodes to
assess the trajectory, nuclear borders and spatial morphology (de-
tails reported elsewhere, see Reference no [15]). For the GPi target
passive movements of upper and lower limbs were performed
intraoperatively and responses were linked to microelectrode re-
cordings. If the mapping appeared to be unsatisfactory, a second
microelectrode recording trajectory was explored. DBS electrodes
were implanted, in general, in a way to locate the lowest contact
just below the planned target. Noteworthy, in the first four patients

operated placement of contact location differed to allow connec-
tion of the two ipsilateral DBS electrodes to a custom-made bifur-
cated Y-extension cable (model 09016, Medtronic Inc.,
Minneapolis). Intraoperative macrostimulation was used to assess
thresholds for capsular stimulation. DBS electrodes were secured at
the skull with a ring-and-cap system. All patients underwent
postoperative CT-stereotactic imaging while still under general
anaesthesia to check for electrode location. Subsequently, electrode
positions were also reconstructed in MNI space using definitions of
the DISTAL atlas (see Refs. [16e18] for details).

DBS electrodes were externalized over 2e6 days (median 3
days) postoperatively. During that time patients underwent short-
term stimulation trials, impedances were checked, local field po-
tentials were recorded (details reported elsewhere, see Ref. [19])
and a subset of patients was included in a radionuclide imaging
study (details reported elsewhere, see Ref. [20]). In a second pro-
cedure, implantable pulse generators (IPG) were implanted in the

Fig. 1. Randomization schemePatients
were randomized in 3 periods of 3 months each including sham stimulation (sham), pv
i GPi stimulation (on-GPi), and thalamic stimulation (on-thal). Thereafter all patients entered an open uncontrolled follow-up phase, where they could freely decide between on-
thal or on-GPi stimulation or switching the stimulation off (off).

Table 2
Clinical assessments performed at each visit during controlled and uncontrolled study phases.

Symptom/diagnosis Assessment

Tics Yale Global Tic Severity Scale including total tic score (YGTSS-TTS, range, 0e50) and global score (YGTSS-GS, range, 0e100) [32]
Modified Rush Video-based Tic Rating Scale (MRVS) [33]
Tourette Syndrome Symptom List (TSSL) [34]

Premonitory urges Visual Analogue Scale for premonitory urges (VAS-PU) (range, 0 ¼ no urge to 100 ¼ maximal urge)*
Premonitory Urge for Tic Scale (PUTS)** [35]

OCD Yale Brown Obsessive Compulsive Scale (Y-BOCS) [36]
ADHD*** Wender Utah Rating Scale Short Form (WURS-K) [37]

DSM-IV-Symptom list for ADHD [38]
Conners’ Adult ADHD Rating Scale (CAARS) [39]

Depression Beck Depression Inventory (BDI) [40]
Anxiety State-Trait Anxiety Inventory (STAI) [41]
Quality of life Quality of Life Assessment Schedule (QoLAS) [42]

Visual Analogue Scale for Quality of life (VAS-QoL) (range, 0 ¼ best general wellbeing to 100 ¼ worst general wellbeing)****
Gilles de la Tourette Syndrome-Quality of life scale (GTS-QoL) including GTS-QoL-VAS [43]**

Clinical Global Impression Clinical Global Impression - Severity Scale (CGI-S), examiner rating
CGI-S, self-rating

Overall change Semi-structured overall assessment*****

* at study start no other assessment for premonitory urges was available in German language.
** used in the study after it became available in German language.
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Fig. 3. A and B: Lead placement in an individual patient (3A, 3B) A).
A) Preoperative axial T2 volume of patient 8 overlaid with right-hemispheric electrode artifacts as visualized on co-registered postoperative CT (orange).
B) 3D representation of the same two leads with atlas nuclei defined by the DISTAL atlas [16] after normalization into standard stereotactic space with Lead-DBS [17]. Postmortem
MRI template acquired at 7T shown in background [18].
3C. Pseudo 3D plot demonstrating the electrode contact locations in all patients. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web
version of this article.)

Table 4
Change in tics (according to YGTSS-TTS, MRVS, and TSSL) after 3-month periods of GPi, thalamic, and sham stimulation compared to baseline and direct comparisons of
treatment effects after GPi, thalamic, and sham stimulation during double-blind study phase.

YGTSS-TTS MRVS TSSL

mean ± SD range p-value mean ± SD range p-value mean ± SD range p-value

on-GPi vs. BL !5.78 ± 4.99 !16 to þ0 0.01415 !4.25 ± 4.20 !9 to þ2 0.0243 !3.80 ± 6.15 !3 to 16 0.5702
on-thal vs. BL !2.0 ± 9.23 !23 to þ8 0.7984 !5.22 ± 4.92 !14 to þ1 0.0300 !6.83 ± 2.14 !14 to 1 0.0240
sham vs. BL !4.33 ± 6.73 !17 to þ4 0.1226 !3.63 ± 7.33 !12 to þ10 0.20 !1.50 ± 2.88 !5.29 to !2.29 0.30
on-thal vs. sham þ2.33 ± 5.26 !6 to þ10 0.22 þ0.5 ± 5.81 !8 to þ10 0.9532 þ6.83 ± 5.23 !1 toþ14 0.024
on-GPi vs. sham !1.44 ± 3.81 !3 to þ7 0.29 þ0.63 ± 4.72 þ10 to !5 0.0243 þ9.0 ± 17.26 þ33 to !19 0.22
on-GPi vs. on-thal !3.77 ± 5.69 !7 to þ13 0.08 0.11 ± 4.7287 !10 to þ4 0.7874 þ2.67 ± 15.67 !24 to 10 0.6940

YGTSS-TTS (Yale Global Tic Severity Scale Total tic score, range 0e50), MRVS (Modified Rush Video-based Tic Rating Scale, range 0e20), TSSL (Tourette Syndrome Symptom
List, range 0e100), on-thal¼ thalamic stimulation, on-GPi¼ globus pallidus internus stimulation, sham¼ sham stimulation, BL¼ baseline. p values < 0.05 are marked in bold.
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to a depressive episode - completely new symptoms with complex,
bizarre and socially inappropriate behaviour such as abrupt
destruction and upsetting of objects, food, and beverages, which
was triggered by negative emotions and the presence of her hus-
band. In the other patient (no. 4), 4 years before surgery (at age 25),
functional tremor started with sudden onset after withdrawal of
benzodiazepines and remitted spontaneously some months later.
In contrast to his tics, functional tremor was not preceded by a
premonitory urge and was non-suppressible. Remarkably, both
patients experienced a large number of AEs even after sham
stimulation (see Table 9).

Adverse events

Double-blind controlled study phase
Altogether, 5 patients reported AEs, 2 after sham, 2 after on-thal,

and 3 after on-GPi stimulation (multiple answers possible, for

details see Table 9). 2 patients (no. 3, 9) developed local wound
infections that required surgical revision. Another patient (no. 6)
needed re-operation because of a cable dysfunction (between
electrode and stimulator). All other AEs were rated as mild and
required no intervention.

Open uncontrolled follow-up study phase
Due to battery discharge, 7 patients underwent replacement of

the IPG for rechargeable devices. In 7 patients, AEs occurred (for
details see Table 10). 4 patients (no. 2, 5, 6, 9) were re-operated due
to cable dysfunctions (see Reference [21]). In 1 patient (no. 5),
recurrent infections led to DBS dysfunction and required explan-
tation of 3 electrodes and 1 IPG. Since stimulation with the
remaining single electrode in the right pvl GPi was ineffective, DBS
was switched off. At FU-L, on average> 6 years after surgery, in 5/10
patients, DBS was turned off due to recurrent infections (n ¼ 3),
technical problems (n ¼ 1), or lack of efficacy (n ¼ 5, multiple

Fig. 4. Open uncontrolled (long-term) follow-up: Tic severity (according to YGTSS-TTS) in each individual patient at baseline and at three follow-up visits.
FU-1 ¼ first individual open uncontrolled follow-up (FU) visit following double-blind study phase after 14.5 ± 4.4 (mean ± SD) months (range, 6e21 months) after baseline; FU-2
after 38.6 ± 25.38 (mean ± SD) months (range, 8e78 months) after baseline, FU-L ¼ long-term (last) follow-up after 89.9 ± 16.5 (mean þ SD) months (range, 60e108 months) after
baseline). In patients no. 3, 6, 8, 9, and 10 individual values are missing (indicated by YGTSS-TTS score ¼ 0). YGTSS-TTS ¼ Yale Global Tic Severity Scale Total tic score.

Fig. 5. Course of tic severity (according to YGTSS-TTS) in each individual patient during both the double-blind controlled cross-over study period and the open uncontrolled (long-
term) follow-up.
Additional notes (ON, OFF, EX, UN) indicate stimulation status in each individual patient at FU-L: ON ¼ on-stimulation (either thalamic or GPi), OFF ¼ stimulation switched off,
EX ¼ device completely explanted, UN ¼ unknown.
YGTSS-TTS ¼ Yale Global Tic Severity Scale Total tic score. FU-1 ¼ first individual open uncontrolled FU visit following double-blind study phase after 14.5 ± 4.4 (mean ± SD) months
(range, 6e21 months) after baseline; FU-2 after 38.6 ± 25.38 (mean ± SD) months (range, 8e78 months) after baseline, FU-L ¼ long-term (last) follow-up after 89.9 ± 16.5
(mean þ SD) months (range, 60e108 months) after baseline).
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§ GPi DBS (p = 0.05)—but not thalamic DBS (p = 0.18)—resulted in a 
significant tic reduction compared to baseline

§ No effect on premonitory urges and psychiatric comorbidities. 
§ Direct comparisons of both targets to sham stimulation: 

inconsistent or negative findings
§ Follow-up, at group level, no improvement of tics, comorbidities, 

and quality of at group level
§ Single patients benefitted continuously from thalamic DBS. 
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Abstract
The selection of patients with Tourette syndrome (TS) for deep brain stimulation (DBS)
surgery rests on 5 fundamental pillars. However, the operationalization of the multidisciplinary
screening process to evaluate these pillars remains highly diverse, especially across sites. High
tic severity and tic-related impact on quality of life (first 2 pillars) require confirmation from
objective, validated measures, but malignant features of TS should per se suffice to fulfill this
pillar. Failure of behavioral and pharmacologic therapies (third pillar) should be assessed taking
into account refractoriness through objective and subjective measures supporting lack of effi-
cacy of all interventions of proven efficacy, as well as true lack of tolerability, adherence, or
access. Educational interventions and use of remote delivery formats (for behavioral therapies)
play a role in preventing misjudgment of treatment failure. Stability of comorbid psychiatric
disorders for 6 months (fourth pillar) is needed to confirm the predominant impact of tics on
quality of life, to prevent pseudo-refractoriness, and to maximize the future DBS response. The
18-year age limit (fifth pillar) is currently under reappraisal, considering the potential impact of
severe tics in adolescence and the predictive effect of tic severity in childhood on tic severity
when transitioning into adulthood. Future advances should aim at a consensus-based definition
of failure of specific, noninvasive treatment strategies for tics and of the minimum clinical
observation period before considering DBS treatment, the stability of behavioral comorbidities,
and the use of a prospective international registry data to identify predictors of positive
response to DBS, especially in younger patients.
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treatment failure, but this should be refined once a formal,
consensus-based definition of this concept is achieved. A crucial
step toward this refinement is an efficient, multidisciplinary
education of patients and families on the objectives, potential
side effects, and costs of noninvasive therapies. This educa-
tional intervention should be performed long before DBS
becomes a possible treatment option. Indeed, the concept that
a safe and accurate screening for invasive therapies requires a
previous, adequate administration of the less invasive ones is
especially pertinent to TS. Appropriate support from the family
setting, fostered by productive interactions between physicians
and families with integration of digital applications (e.g.,
medication reminder apps and applications for remote moni-
toring of behavioral treatments), could optimize adherence to
pharmacologic and behavioral therapies. Tolerability of phar-
macologic treatment should also be enhanced through a tai-
lored choice of agents suitable to the patient’s medical profile,
alongside an accurate monitoring and active intervention to
minimize side effects. Moreover, the assessment of efficacy of
noninvasive therapies should be planned when treatment is
initiated, selecting with the patient the most adequate treat-
ment duration and dose titration, as these should be in-
dividualized in the management of tics. Given the potential
mismatch between tic severity per se and overall impact of tics

on functioning and quality of life, the expected goals of non-
invasive therapies should be discussed and agreed upon to-
gether with patients and families before treatment initiation,
especially with respect to the type and degree of functional
improvement needed by the individual patient.

A similar challenge for clinicians is presented by the ful-
fillment of the behavioral comorbidity pillar. The relevance
of the multidisciplinary nature of the team working on
screening patients with TS for DBS eligibility is stressed by
the need to minimize the risk of worsening coexisting
psychiatric conditions and underestimating the functional
impact of these comorbidities when compared with tics.
Whether ADHD, OCD, anxiety, and mood disorders re-
quire a different management approach when they are as-
sociated with severe tics remains uncertain. This is
particularly relevant to behavioral conditions like OCD,
which may exhibit phenomenological differences depend-
ing on whether they are isolated or associated with tics.60

New observational studies should inform clinicians on the
level and duration of clinical stability of comorbid disorders
that can be considered safe in confirming eligibility for DBS
and offer new insight on the response of comorbidities to
single and multiple-target DBS approaches. Until then, we
suggest clinicians should cautiously apply management

Table Summary of EstablishedConcepts andQuestions for FutureResearchRelated to Eachof the Five Pillars of Tourette
Syndrome Patient Selection for Deep Brain Stimulation.

Clinical aspect
included in the
patient selection
process Established concepts Knowledge gaps/Questions for future studies

First pillar: tic severity Validated tic severity rating scales should be used to measure
tic severity.
A threshold severity score was proposed by expert consensus.
Physically harmful tics may be sufficient for eligibility to DBS,
regardless of severity scores.

For how long should high tic severity persist before DBS can be
considered?
What rating instrument is the most appropriate to assess tic-
related functional impairment in defining eligibility to DBS?

Second pillar: quality
of life

The use of validated, disease-specific quality of life rating
instruments is encouraged

Does the use of different instruments to capture the specific
impact on quality of life of different symptoms within the TS
spectrum help in defining eligibility for DBS?

Third pillar: treatment
refractoriness

Suitability or efficacy of behavioral treatment should be
assessed by therapist before considering DBS.
The number of failed medication trials (with the related drug
classes) needed before considering DBS was proposed by
expert consensus

What steps should beundertaken toestablish lackof tolerability,
efficacy, and adherence to a single treatment for tics?
Which definition of refractoriness to a single treatment for tics
is likely to reach consensus among experts?
How many drug classes should be tried before considering
DBS?
Should the combination of behavioral and pharmacologic
therapies be tried before considering DBS?

Fourth pillar:
behavioral
comorbidities

Common comorbidities can confound the impact of treatment
on quality of life and functioning and create a false perception
of treatment refractoriness

For how long should the severity of behavioral comorbidities
remain stable (or not increase) before DBS can be considered?
What treatment algorithms should be considered to stabilize
behavioral comorbidities before DBS can be considered?
Can DBS be considered to target tics and comorbid behavioral
symptoms at the same time?

Fifth pillar: age Very severe tics can be considered for DBS in individuals
younger than 18 years with local ethics committee approval

HowdoesDBSmodify the long-termoutcomeof very severe or
malignant TS?
What are the predictors of response to DBS in young patients
(in the first 2 decades)?

Abbreviations: DBS = deep brain stimulation; TS = Tourette syndrome.
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from the persistent knowledge gaps that will need to be
addressed by future clinical research.

With respect to the first pillar, a critical research objective will
be the development of a comprehensive instrument to rate
the functional impairment specifically related to tics, across
different age groups. Existing instruments merge different
functional domains (e.g., social interactions, academic or
work-related performance, and family life) in cumulative in-
dices that may lead to approximate judgments of both the

presurgical state and the response to DBS. Moreover, a
phenomenology-driven, consensus-based definition of ma-
lignant TS would help screening for this specific presentation
of the disorder: for example, it is unclear whether certain
manifestations that are not physically harmful but socially
disruptive, for example, severe coprophenomena, should be
included in the definition of malignant TS.

Ascertaining failure of non- (or less) invasive treatments for
tics remains, to date, a challenging pillar of the DBS selection

Figure 5 Summary of theMultiple Steps That Should BeUndertaken by aMultidisciplinary Team (MDT) Responsible for the
Screening, Treatment, and Postoperative Monitoring of Patients With Tourette Syndrome (TS) Undergoing Deep
Brain Stimulation (DBS) Surgery

In addition to a neurologist and/or a psychiatrist and a neurosurgeon, the MDT should ideally include a nurse, a social worker, a behavioral therapist, and a
neuropsychologist. The assessment of the five pillars for DBS candidacy is described in more depth as an algorithmic procedure in Figure 1. Within the
workplan related to this assessment, allied health professionals would ideally complement the role of physicians: a social worker would be primarily involved
in the evaluation of the impact of tics on functioning and quality of life and facilitate a clear communication of the patient’s and family’s expectations around
surgery; a behavioral therapist would aid in defining whether an adequate trial of comprehensive behavioral interventions for tics has been offered and, if
financially viable, performed; if available, a specialist DBS nurse would aid in the education phase and could follow up postoperative programming. We
propose that all 5 pillars for candidacy be fulfilled before proceedingwith the second phase of selection. The latterwould encompass a thorough discussion of
the surgical risk and expected benefits related to the preferred stimulation target and rule out any existing contraindications to surgery.
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