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Abstract

Obijective: Ten years ago deep brain stimulation (DBS) has been introduced as an alternative
and promising treatment option for patients suffering from severe Tourette Syndrome (TS). It
seemed timely to develop a European guideline on DBS by a working group of the European
Society for the Study of Tourette Syndrome (ESSTS).

Methods: For a narrative review a systematic literature search was conducted and expert
opinions of the guidelines group contributed also to the suggestions.

Results: Of 63 patients reported so far in the literature 59 had a beneficial outcome following
DBS with moderate to marked tic improvement. However, randomized controlled studies
including a larger number of patients are still lacking. Although persistent serious adverse
effects (AEs) have hardly been reported, surgery- (e.g., bleeding, infection) as well as
stimulation-related AEs (e.g., sedation, anxiety, altered mood, changes in sexual function)
may occur.

Conclusion: At present time, DBS in TS is still in its infancy. Due to both different legality
and practical facilities in different European countries these guidelines, therefore, have to be
understood as recommendations of experts. However, among the ESSTS working group on
DBS in TS there is general agreement that, at present time, DBS should only be used in adult,
treatment resistant, and severely affected patients. It is highly recommended to perform DBS

in the context of controlled trials.



Introduction

Tourette Syndrome (TS) is a chronic motor and vocal/phonic tic disorder. After the tic onset
at the age of about 6 — 8 years, tics have a waxing and waning course and reach a maximum at
around 12 years. In the majority of patients tics decrease during adolescence or early
adulthood. In adulthood most patients’ tics are mild to moderate and medical treatment is less
necessary than during childhood [7]. In those patients suffering from disabling tics
behavioural therapy and/or drug treatment (see [33, 40]) is recommended.

In a small number of patients tics are severe or even extreme and available treatment options
are ineffective or cause intolerable adverse effects (AEs). In most of these severely affected
patients, in addition, several comorbidities such as attention-deficit/hyperactivity disorder
(ADHD), obsessive-compulsive disorder (OCD), depression, anxiety, and self-injurious
behaviour (SIB) exist. Due to both tics and comorbidities quality of life is significantly
impaired in most of these patients. When these patients are considered refractory to standard
drug treatments in adequate doses and treatment periods, neurosurgery may have to be
considered.

In TS, ablative surgery was performed for the first time in 1955 [38]. The first surgical
treatment using the thalamus as a target was undertaken in 1970 by Hassler and Dieckmann
[15] performing thalamotomy in the centromedial parafascicular complex (CM-Pf) in three
patients resulting in a tic reduction of 70-100% [31]. Subsequently Babel et al. [4] reported
about a tic reduction in 14 of 17 patients after ventriculography based stereotactic zona incerta
(Z1) and ventrolateral/lamella medialis thalamotomy (VL/LM). However, in 69% of these
patients post-operative complications were described.

In 1999 for the first time (thalamic) deep brain stimulation (DBS) was suggested as an
alternative therapeutic option for treatment resistant, severely affected patients with TS [39].

Since then, different targets have been used. While DBS is a well established treatment option



in different neurological disorders including Parkinsons’s disease, dystonia, and tremor, in TS

DBS is still experimental.

Review of the literature (based on MEDLINE search of studies on DBS between 1970 and

June 2010 and expert opinion of the ESSTS Guidelines Group)

So far, 24 studies including a total of 63 patients have been published describing the results of
DBS in TS and chronic tic disorder. Most of these reports (n=18) describe DBS in single
patients (table 1). Only two reports included larger case series with 18 [34] and 32 patients
(including the 18 patients reported earlier) [35], respectively. Three randomized studies
including one (prospective double-blind (i.e. neither patient nor surgeon/investigator know if
stimulation is ‘on’ or ‘off’) “N of 1” trial) [16], three (controlled double-blind randomized
cross-over trail) [46], and five (prospective double-blind randomized) [21] patients,
respectively, have been conducted so far (table 1). Taking all these data together, in 59 of 63
TS patients (93.7%) DBS resulted in a significant tic improvement (table 2). In some cases, in
addition, an amelioration of different comorbidities occurred (table 2). Although no serious
persistent AEs have been reported so far, surgical- as well as stimulation-related AEs may
occur (table 3). In a recent study long-term outcome (after 24 months) in 15 patients was
evaluated describing sustained tic reduction and improvement of behavioural symptoms and
no alterations in cognitive functions [28].

In TS patients the most often used targets of stimulation are the thalamus (CM-Pf) and the
globus pallidus internus (GPi). In the literature, however, seven different targets have been
described so far in patients with chronic tics: thalamus (CM-Pf and CM-Spv (substantia
periventricularis)/nucleus ventralis oralis intermedius (Voi)), GPi (postero-ventrolateral and
anteromedial part), nucleus accumbens (NA), anterior limb of the internal capsule (AIC), and

subthalamicus nucleus (STN) (table 1). However, the specific coordinates used in different
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centres may differ slightly. In addition, the globus pallidus externus (GPe) has been suggested
as a promising target (n=7 patients) (since preliminary results are published only in abstract
form [41, 42], data are not included in this review). The rational to use different targets is that
all targets belong to the ventral striatal-thalamo-cortical circuitries which are thought to be
dysfunctional in TS. In the beginning, the same thalamic targets were targeted which were
subject to stereotactic ablation by Hassler et al. in the 1960s [15]. Subsequently, other targets
were selected that have been successfully used in other neurological disorders.

It can be assumed that - in addition to the patients reported in the literature (n=63) - DBS has
been performed in more TS patients without publication of the results. Since it can be
speculated that beneficial results are more likely to be reported than unfavourable data, one

should be cautious to prematurely conclude that DBS is indeed effective in almost all patients.



Recommendations

It has to be emphasized that the following recommendations are based on current knowledge.
This, therefore, acknowledges that further studies and knowledge might result in substantially
different recommendations. Our recommendations are given against the background that up to
now there are no randomized controlled studies available including a sufficiently large
number of patients. Hence, it can not entirely be excluded that at least in some of the patients
beneficial effects following DBS are related to placebo effects or to the waxing and waning
course of the symptomatology. Therefore, the aim in the near future must be to join forces by
conducting blinded controlled trials including a sufficient number of patients and/or to share
databases to combine samples in order to obtain sufficiently large sample size. This is best
established by collaborating among centres and sharing databases.

At present time, DBS in TS is still in its infancy. However, there is general agreement that
even today DBS is a promising treatment option in severely affected, treatment resistant TS
patients. It probably can not only reduce tics, but also comorbidities such as OCB/OCD,
aggression, SIB, impulsivity, depression, and anxiety. Albeit the presence of severe tics is the
primary inclusion criterion for DBS, it should be considered that quality of life is often more
impaired by comorbidities than tics. Successful tic reduction following DBS, therefore, does
not necessarily improve quality of life significantly [13].

Although it is the aim of this paper to give consistent European guidelines, it can not be
ignored that both legal and practical circumstances differ across European countries and may
influence both decision making and practical issues regarding DBS in TS. These guidelines,
therefore, should be understood as a recommendation and are certainly not a stipulation.
However, there is agreement that patients who wish DBS but do not fulfil below mentioned

inclusion criteria should be excluded from DBS.



Recommendations for both the selection of patients for DBS treatment including the
assessment and study design are mainly driven by expert opinion since evidence from RCTs
is scarce. Guidance has been given by other authors before [3, 6, 23-25, 27, 29, 43]. However,
there is a vivid debate about some of these recommendations published so far [27, 30, 32, 44].
Based on the most considered guidelines published by Mink et al. [24], here the European
Society for the Study of Tourette Syndrome (ESSTS) working group on DBS in TS wants to
give revised clinical guidelines based on the current level of knowledge. First, we want to
display those recommendations which are undisputable, followed by those that are up to

debate.

Undisputed recommendations
Diagnosis of TS or a chronic tic disorder.
Diagnosis is approved by a clinician who is experienced in the diagnosis and treatment
of tic disorders.
Tics are the main and not only secondary symptoms.
Tics are severe (for definition see below).
Tics cause significant impairment in quality of life in the domains of relationships, home
environment and/or school/work.
Tics are treatment resistant (for definition see below).
Comorbidities such as ADHD, OCD, depression, anxiety disorder, and SIB have been
adequately treated, i.e. according to respective guidelines.
The patient does not suffer from tics, OCB, or SIB that will lead to a damage of the
electrodes or the stimulator.
No existence of a major depression and/or acute suicidal tendencies at time of operation.
No other severe medical, neurological, psychiatric, or cognitive disorders that

inordinately increase the risk of anaesthesia, operative procedure, and DBS.



The patient is treatment compliant and lives in a stable psychosocial environment.

The patient or his/her legal representative has given written informed consent before
DBS. In the latter case the patient should at least give assent.

If DBS is performed in the context of a study, the study design has been approved by a
local ethic committee (or the IRB in USA).

DBS in TS should be undertaken only in centres where there are both acknowledged TS
and DBS experts.

A close collaboration between surgeons and clinicians (either neurologists or
psychiatrists or both) is guaranteed.

To all patients supportive psychotherapy should be recommended after surgery.

Issues that are debatable and therefore no unequivocal recommendations can be given

1. What should be the minimum age of a patient?

There is agreement among all experts that DBS should be performed only in adult patients.
However, while some authors recommend a minimum age of 25 years, others suggest 18
years.

Rationale:

Some expert groups [24] recommend an age limit of > 25 years (with rare potential
exceptions). However, during the last 10 years, 11 patients (18%) younger than 25 years have
already received DBS (table 1) and there is no evidence that DBS is less efficacious in these
young patients, although direct comparisons are missing. However, since data on the course
of tics and comorbidities in adolescents with TS are rare, at present time it remains unclear
whether (and to what extent) severely affected patients at the age of 18 may await a

significant improvement until the age of 25.



2. How long should tics persist at minimum before DBS should be performed?

Tics should last at minimum 5 years before DBS should be performed (but not before the age
of 18 and 25, respectively).

Rationale:

Most likely, tics start at age 6-8 years. This means that at age 18, tics already persist for 10-12
years. Since fluctuations of tics are most obvious during the early course of the disease, DBS

should not be performed at that time.

3. How long should tics be “severe” before DBS should be performed?

Tics should be severe for at least one year before DBS should be performed.

Rationale:

Tics wax and wane and often improve spontaneously within weeks or months. From the
clinical experience it is not very likely that severe tics in adults will improve substantially

when persisting for more than one year.

4. Which measurement(s) and which cut-off should be used to determine tics as “severe”?
The expert-rated Yale Global Tic Severity Scale (YGTSS) [19] with a cut-off at > 35 of
maximal 50 points should be used for tic rating to determine tic severity as suggested before
[24].

Rationale:

The YGTSS is the most often used tic rating scale. A score of > 35 of maximal 50 points
requires on average for at least one tic form (motor or vocal) a mean tic score of 4 and for the
other tic form of 3 (range, 0-5). This cut-off seems to be adequate to display tics as “severe”

and psychosocially relevant.



5. What should be done when a patient suffers from severe tics “by history” but tic rating
yields “only” mild to moderate tics (YGTSS < 35 of maximal 50 points)?

While some authors suggest to perform DBS in this (rare) situation, others do not recommend
DBS in these situations.

Rationale:

Advocates would consider DBS, if reports by both the patient and reliable family
members/friends describe undeniable severe tics, provided a home made videotape indeed
documents severe tics (YGTSS score > 35 of maximal 50 points) at different circumstances.
Tics often fluctuate, can be suppressed and are influenced by several environmental factors. In
rare cases it is conceivable that even in severely affected patients tics observed during a
medical examination may not represent real tic severity.

Opponents would suggest a cognitive behavioural treatment program_first because in these
patients it is strongly suggested that tics are suppressible and this characteristic should be used
in a behavioural therapy program such as habit reversal training or exposure to premonitory

sensations with response prevention.

6. How shall treatment resistance be defined?

“Treatment resistance” in relation to the indication of DBS in TS should be assumed if
treatment with three different drugs including both a typical and an atypical neuroleptic drug
(NL) in adequate dosage over an adequate period of time does not result in a significant tic
reduction or leads to unacceptable AEs. If available, behavioural treatment (see [40]) should
have been performed as well for at least 12 sessions without any substantial effect. Since
haloperidol is the only drug that is formally licensed in many European countries for the
indication tics and TS, some authors, therefore, suggest that failure of this drug already
implicates treatment resistance.

Rationale:
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There is no generally accepted definition available for “treatment resistance” in TS. Although
different patients may respond in a different way to different NL, three different NL seem to
be adequate to determine treatment resistance. Since clonidine is less commonly used in
Europe compared to the USA and many European experts are convinced that clonidine is less
effective compared to NL, we believe that treatment with clonidine must not be undertaken to
determine “treatment resistance”. Although several other drugs have been recommended for
the treatment of tics, none of these drugs is approved or can be recommended without

reservation.

7. Which target should be selected?

At present time (based on clinical experience and theoretical knowledge) either thalamus
(CM-Pf and/or CM-Pf/\VVoi) or GPi (postero-ventrolateral or anteriormedial) is recommended
by most experts. However, some centres consider the NA (AIC) as first choice target as well.
Rationale:

So far, eight different targets have been suggested as effective in TS. However, thalamic
stimulation has been performed by far most frequently, followed by GPi stimulation.
Although at present time, no recommendation can be given which target is the optimal one
(because studies are lacking to answer this question), thalamus and GPi are the most
reasonable targets. However, it is unclear whether the CM-Pf/VVoi or CM-Pf and the GPi
postero-ventrolateral (“sensori-motor component”) or anteriormedial (“limbic component”),
respectively, should be preferred. At this stage it is unclear whether different targets should be
chosen depending on the respective clinical symptomatology. There is no obvious reason for

failure of thalamic stimulation in two patients reported so far [21].

8. How many electrodes at how many targets should be stimulated simultaneously?

In general, bilateral stimulation at one target should be performed.
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Rationale:

In the vast majority of patients, DBS has been performed bilaterally at one target. There is
only weak evidence that simultaneous stimulation at two different targets (thalamus+GPi,
AIC/NA+thalamus) bilaterally (= 4 electrodes) is superior to bilateral stimulation at one target
[16, 35, 46]. However, there is some evidence that bilateral stimulation is superior to
unilateral (GPi) stimulation [14]. In a small number of TS patients with severe comorbid
OCD so called “rescue procedure” (AIC plus ventralis oralis/centromedianus-parafascicularis

(VoCM-Pf) stimulation) has been suggested as promising [35].

9. Should DBS be performed only in the context of controlled studies?

If possible, DBS indeed should be performed in the context of controlled and double-blind
(including “off”-stimulation) studies including larger and carefully characterized groups of
patients. If reasonable, patients, therefore, should be referred to a suitable study centre. The
aims of further studies are (1) to evaluate efficacy of DBS at all, (2) to compare efficacy of
different targets, and (3) to ascertain whether specific clinical symptoms may predict a good
or bad response to DBS. Therefore, not only tic severity but also comorbidities as well as
cognitive performance should be assessed. Follow-up after DBS should be as long as possible
(but at least 24 months) to evaluate not only short but also long-term out-come. In the context
of controlled trials implantation of four electrodes at two different targets is recommended to
provide the opportunity to compare directly the efficacy of different targets in one single

patient.

Conclusions
DBS is a very promising treatment option in adult, treatment resistant, severely affected TS
patients. Randomized double-blind controlled studies including a larger number of patients

are necessary to corroborate available results obtained from case reports and small clinical
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trials. If DBS indeed proves successful new guidelines have to be formulated. Subsequent
recommendations should take into account the discussion about several aspects regarding

patients’ selection, operative procedure, follow-up, and study design.
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Table 1

number of
studies and
included
patients

age of
patients

sex of
patients

length of
follow-up

target

study design

N (studies)

=N

1

1 (including 18 patients
before (34)

Age

reported

< 18 years

18-24 years
25-30 years
31-40 years

41-50 years
Unclear

Sex
Male

Female
Unclear
Months

<6

6-11

12-23

>24

not reported

Target

Thalamus (CM-Pf/\Voi, CM-Pf)
GPi (postero-ventrolateral,)

CM-Pf and/or GPi (anteriormedial):
NA

STN

AIC

AIC/NA

AIC/NA + CM-Pf/Voi
AIC+CM-Pf

unclear whether thalamus
Pf/\Voi) or GPi (anteriormedial)

N (studies)

(CM-

N (patients)
1

2
3
5
18
32

N (patients)

3
9
11
19

9
12
N (patients)

42

10
11
N (patients)

10
14
18
10
11
N (patients)
30

P W NN P W P~ o

[N
o

design

Main characteristics of studies published and patients (multiple mention possible).

references

[1, 5, 8-14, 16, 18, 20, 22, 26, 36
37, 39, 47]

[2]

[45, 46]

[21]

[34]

[35]

[11, 34, 36]
[21, 34]
[2, 10, 14, 18, 20, 21, 34, 35, 45]

[1, 8, 12, 16, 21, 22, 26, 34, 35, 37
46]
[2, 5,9, 34, 35, 39, 45]

[13, 21, 35, 47]

[1, 2,5, 8, 10, 11, 13, 14, 18, 20-22,
26, 34-36, 39, 45, 46]
[9, 12, 17, 34, 35, 37, 46]

[35, 47]

[21, 34]

[1, 13, 16, 20, 34-36, 45]

[2,9-12, 22, 34, 35, 37, 39, 45, 46]
[5, 8, 18, 26, 35, 45-47]

[14, 35]

[1,2, 5,21, 34, 35, 39, 45]
[2,9-11, 13, 14, 20, 36]
[16, 46]

[18, 26, 47]

[22]

[12,37]

[8, 35]

[35]

[37]

[35]
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(case
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double-blind

[1, 2, 5, 8-14, 18, 20, 22, 26, 34-37,
39, 45, 47]

(16, 21, 46]
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Table 2

possible).
tic None
Improvement
minor (<20%)
moderate (20-49%)
major (50-99%)
remission
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improvement ADHS
of
comorbidities
OCD/OCB
depression
anxiety
SIB

aggression/
impulsivity
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N (patients)
4

©
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18

13

20
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(n=1), AIC/NA (n=1)
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thalamus and/or GPi
(n=4),
thalamus+AIC/NA
(n=2), AIC/NA (n=1)
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36, 39, 45, 46]
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[35, 47]
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Table 3: Adverse effects (AES) published so far (multiple mention possible)

kind of
AE
surgery-
related
AE

DBS-
related
AE

no
AE/not
reported

AE

transient vertical gaze palsy due to a
small bleeding caudal to the tip of the
electrode

abdominal haematoma

wound healing problems

traction pain

hematoma around the tip of the
electrode leading to unilateral
bradydyskinesea

infection leading to left stimulator
removal

sedation, fatique,
apathy, lethargy

reduced energy,

weight loss

decrease in sexual functions, libido,
potency, ejaculation

increased sexual drive

transient blurring of vision

upward ocular deviation

Psychosis

Nausea

Vertigo

Anxiety

short dystonic jerk when stimulators
were switched “on”

social avoidance

Depression

(agitated) hypomania
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1

RPN R
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thalamus

thalamus (n=4)
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