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Abstract
Introduction Tourette Syndrome (TS) is a childhood
onset disorder characterized by vocal and motor tics
and often remits spontaneously during adolescence.
For treatment refractory patients, Deep Brain Stimula-
tion (DBS) may be considered.
Methods and Results We discuss ethical problems
encountered in two adolescent TS patients treated
with DBS and systematically review the literature

on the topic. Following surgery one patient expe-
rienced side effects without sufficient therapeutic
effects and the stimulator was turned off. After a
second series of behavioural treatment, he experi-
enced a tic reduction of more than 50%. The
second patient went through a period of behaviour-
al disturbances that interfered with optimal pro-
gramming, but eventually experienced a 70% tic
reduction. Sixteen DBS surgeries in adolescent TS
patients have been reported, none of which pays
attention to ethical aspects.
Discussion Specific ethical issues arise in adoles-
cent TS patients undergoing DBS relating both to
clinical practice as well as to research. Attention
should be paid to selecting patients fairly, thor-
ough examination and weighing of risks and ben-
efits, protecting the health of children and adoles-
cents receiving DBS, special issues concerning
patient’s autonomy, and the normative impact of
quality of life. In research, registration of all TS
cases in a central database covering a range of
standardized information will facilitate further de-
velopment of DBS for this indication.
Conclusion Clinical practice should be accompanied by
ongoing ethical reflection, preferably covering not only
theoretical thought but providing also insights in the
views and perspectives of those concerned, that is pa-
tients, family members and professionals.
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Introduction

Tourette Syndrome (TS) is a childhood onset neuropsy-
chiatric disorder with multiple motor tics and one or
more vocal tics, lasting longer than 1 year. It affects
approximately 0.3–1.0% of the general population
[1–3]. The majority of patients suffer from associated
comorbid conditions such as Attention Deficit and Hy-
peractivity Disorder (ADHD), obsessive compulsive
behaviour (OCB), anxiety, and affective disorders [4].
Typically, tics start around the age of 4–6 years, multiply
and worsen until the age of 12–14 years and are then
followed by a steady decline in severity. TS is often self-
limiting, with symptoms remitting around the late ado-
lescence. However, in about 20% of patients, tics con-
tinue in adult life and require chronic treatment [1, 3].
Despite behavioural therapy or pharmacological treat-
ment, a small subgroup of patients fails to respond to
treatment and continue to experience significant symp-
tom burden throughout life [5–7]. For those patients,
Deep Brain Stimulation (DBS) surgery can be an effec-
tive last resort treatment [8]. It must be realized howev-
er, that TS is not (yet) a recognized indication for DBS
treatment by the Food and Drug Administration (FDA)
and the European Commission (EC). We have a
longstanding experience with DBS surgery in TS pa-
tients since in our centre we performed 16 surgeries in
the past 18 years, which is 10% of all reported cases
worldwide [9–13].

The emergence of psychiatric disorders, such as de-
pressive disorder, Alzheimer’s disease and anorexia
nervosa, as potential indications for DBS as well as the
application of DBS in younger patients has created new
interest in ethical questions and social challenges [14,
15]. For most of these indications, ethical considerations
have been published [16–18]. To date, no ethical con-
siderations have been published on DBS in TS patients,
let alone for younger TS patients. The minimum age for
considering DBS in TS patients has been widely debat-
ed. In 2006, the first guidelines of the Tourette Syn-
drome Association (TSA) [19] proposed a minimum
age of 25 years to ensure that individuals who might
experience spontaneous tic remission would not be im-
planted with a surgical device. More recently, compel-
ling arguments have been made for consideration of
surgical intervention at younger ages in certain cases
of severe TS. Especially during adolescence, the impact
of severe and refractory tics on daily functioning is
large. Patients are often not able to go to school or work,

they tend to avoid social activities, are not able to
develop friendships or an affective relationship, and
have a low self-esteem. This developmental interference
may have long-lasting effects in later life. Another rea-
son to consider DBS earlier in life is the risk of self-
injurious tics e.g., violent cervical tics which may cause
cervical myelopathy and secondary neurological deficits
[20–22]. This form is sometimes called ‘malignant’ TS
and occurs in about 5% of patients [23]. Delaying or not
performing DBS in these patients could eventually lead
to irreparable harm. Therefore, in more recent TSA
recommendations [24] the age guideline has been
adjusted and they recommend a multidisciplinary
evaluation and discussion, without setting a strict
minimum age.

This paper deals with ethical issues associated with
DBS of adolescent TS patients. Adolescence is the
period of transition from childhood to adulthood. The
World Health Organization (WHO) defines adolescence
as the age period between 10 and 19 years [25, 26],
however the period of adolescence has often been ex-
tended to include the ages of 10 through 22–25 years,
with most researchers dividing this age span into early
(10–13), middle (14–17) and late (18 - mid-20s) adoles-
cence [27]. Therefore, we define adolescence as the age
period between 10 and 25 years in this paper. We de-
scribe our experiences with the treatment of two adoles-
cent TS patients, both 19 years old, and systematically
review the scarce literature on this subject. We discuss
the ethical issues and specific difficulties that physicians
may encounter when treating adolescent patients.

Methods and Results

Patient 1

Patient 1 is a 19-year-old male who experienced tics
since the age of five. No other diseases or comorbidities
were present, and he had a negative family history for tic
syndromes. The tics started with sniffing sounds and
tapping his chest, but gradually expanded and increased
over the years. At the age of 18, vocal tics, such as
almost continuous and loud barking and coprolalia,
were the most debilitating. He also suffered from fre-
quent motor tics such as eye blinking and head shaking.
Because of the disruptive nature of the tics, he had to
leave school and avoided social activities. Different
pharmacological treatments as well as behavioural
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therapy had not been effective in the past. From 2005 till
2013 he used clonidine, risperidone, pimozide and
aripiprazole, either solely or in combination, without a
positive effect on tics and/or with severe side effects.
Moreover, botulin injections did not result in tic im-
provement. In 2010, he received cognitive behavioural
therapy for several months without any improvement.
He fulfilled all our criteria for DBS surgery (Table 1),
which are in line with the TSA guidelines for DBS in TS
[24]. After a multidisciplinary evaluation, he was indi-
cated for bilateral DBS of the anterior internal globus
pallidus (GPi) and the surgery was carried out success-
fully in March 2014 (at the age of 19). Details
about the neurosurgical procedure have been pub-
lished previously [10, 11]. Preoperative he scored
39 (motor/vocal = 14/25) on the Yale Global Tic
Severity Scale (YGTSS) [30].

A few days after surgery, the stimulator was turned
on and different contact points and stimulation parame-
ters were tested. With increasing voltages, he experi-
enced side effects such as hyperkinesia, dyskinesia in
the legs and a dejected mood, complicating the pro-
gramming. Therefore, the voltage was reduced before
he was discharged, accepting a suboptimal tic reduction
at that moment. The expectation was that these side
effects would diminish due to habituation and that the
voltage could be increased slowly at the outpatient
department. However, after 6 months of intensive out-
patient visits and a second admission at the hospital to
systematically check all possible stimulation parame-
ters, he still experienced the same side effects at all

contacts without sufficient therapeutic effects. We de-
cided to turn the stimulator off. At that time, his score on
the YGTSS was 24 (motor/vocal = 10/14), which was a
relevant reduction compared to the pre-operative score.
However, he still suffered from severe tics, e.g. con-
stantly loud barking and headshaking, he felt ashamed
and avoided social activities. In September 2016, at the
age of 21, he started behaviour therapy again for 3
months with a further relevant improvement in tics,
self-confidence and overall functioning. His YGTSS
further declined to 18 (motor/vocal = 8/10), 2 years after
surgery. In a last outpatient appointment, he was satis-
fied with his current disease severity and stated that with
this symptom severity he would in retrospect not have
considered DBS. At this moment, he does not want the
stimulator removed since he experiences no burdens and
does not want to undergo surgery again.

Patient 2

Patient 2 is a 19-year-old male adolescent that devel-
oped his first motor tics at the age of eight. No other
comorbidities were present, and he had a negative fam-
ily history for tic disorders. Tics started with head shak-
ing, followed by eye blinking and grimaces, and later
progressed to his shoulders, arms, trunk and legs. The
most debilitating tics were persistent bouts of motor tics
in his entire body. He also experienced mild vocal tics
like coughing, sniffing and grumbling. At the age of 18,
he had to quit school since he was not able to concen-
trate anymore due to the severity of the tics and because

Table 1 Inclusion and exclusion criteria for DBS surgery

Inclusion criteria * Exclusion criteria *

- Primary diagnosis of TS according to the DSM-V criteria [28]
- A minimum score of 80 on the Diagnostic Confidence Index [29]
- A minimum score of 25 on the Yale Global Tic Severity Scale [27]
- Failure to respond to, or intolerable side effects of three-months trials of adequately dosed

classical (e.g. haloperidol) and atypical (e.g. risperidone, olanzapine, quetiapine) anti-
psychotic medication or clonidine

- Completed at least ten sessions of behavioural therapy (e.g. exposure and response
prevention or habit reversal)

- A stable psychosocial environment
- Neuropsychological profile indicates candidate can tolerate demands of surgery,

postoperative follow-up, and possibility of poor outcome
- Age is not a strict criterion. Local ethics committee involvement for cases involving

persons <18 years, and for cases considered Burgent^ (e.g. impending paralysis from
head-snapping tics)

- Tics not related to TS
- Major psychiatric disorders (e.g.

schizophrenia or bipolar disorder)
- Current substance abuse or dependence

(except for nicotine)
- Severe cognitive impairment
- Structural abnormalities on brain magnetic

resonance imaging
- General contraindications for surgery or

anaesthesia

DBS Deep Brain Stimulation, TS Tourette Syndrome, DSM-V Diagnostic and Statistical Manual of Mental Disorders criteria (fifth edition)

*These criteria are in line with the latest worldwide recommendations for DBS in Tourette Syndrome [24]
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his tics were an unacceptable distraction to fellow stu-
dents. Medication and behavioural therapy had not been
effective in the past. He had used clonidine, pimozide,
haloperidol and quetiapine either without lasting posi-
tive effects or with intolerable side effects. Between
2007 and 2009 he underwent several psychotherapeutic
therapies, among which exposure and response preven-
tion, habit reversal and relaxation training. He was using
cannabis daily since he felt it calmed him. This patient
fulfilled our selection criteria (Table 1) and was indicat-
ed for bilateral DBS of the anterior GPi. He agreed to
stop using cannabis as part of the treatment agree-
ment, so that better evaluation of symptoms during
programming would become possible. The surgery
was carried out without complications in March 2016
(at the age of 19).

Within 1 week after the surgery the stimulator was
turned on and systematically different stimulation pa-
rameters were tested. Initially he experienced increased
agitation, but also an increase in tic frequency and
severity. Despite he was informed that finding the cor-
rect stimulation parameters would take time, he had
hoped for an immediate effect on his tics and was
disappointed. This resulted in tension, anger and argu-
ments with his supporting parents, making the program-
ming sessions more difficult. In the following weeks, we
had several programming sessions at the outpatient de-
partment, mainly decreasing the voltage and slowly
increasing it at home, and finally with a voltage of 3.0
a significant tic reduction was established and the agi-
tated feeling had almost disappeared. However, at home
the situation escalated, mainly due to the daily excessive
use of cannabis, with increasingly quarrelsome and ag-
gressive behaviour. He still lived at home with his
parents and siblings who tried to support him and this
lead to severe conflicts. The exact reason why he started
using drugs again is uncertain, but he told us he was
overwhelmed, felt a lot of pressure to succeed with the
therapy, and needed the cannabis to calm down, even
though he knew it caused him more problems. We
offered psychological treatment, which he rejected.

In July 2016, we arranged a meeting with the Com-
mittee on Medical Ethical Issues of our hospital to
discuss how to proceed: we were not able to reliably
evaluate the effects of the DBS due to the excessive use
of cannabis and non-compliance of the patient and
doubted whether continued treatment was useful. Also,
the potential contribution of the DBS to the aggressive
behaviour was discussed. He was known with

aggressive behaviour following cannabis use and it
seemed unlikely that the DBS settings were the cause
of his behavioural problems. Therefore, we decided to
continue treatment because of its positive effect on tics.
However, we discussed with the patient that we would
not further adjust the stimulation settings if he would not
be compliant with all aspects of the treatment agree-
ment, including stopping cannabis usage. A few months
later, his behaviour drastically changed in a positive
way. He stopped smoking cannabis, his aggressive be-
haviour as well as the relationship with his parents
improved, and he found a job and started working again.
One year after surgery, he was quite satisfied with the
effects of DBS. All tics were still present, but much less
frequent and intense and he could suppress them better.
He did not suffer from side-effects anymore. At that
moment, his YGTSS was reduced from 32 preopera-
tively (motor/vocal = 23/9) to 10 postoperatively (mo-
tor/vocal = 8/2).

Overview of the Ethical Literature

We systematically searched the literature for papers
discussing ethical issues in young TS patients treated
with DBS. We searched PubMed with the search strat-
egy; (Tourette’s syndrome OR Tourette syndrome OR
Gilles de la Tourette syndrome OR Tourette’s disorder
OR Tourette OR tic disorder) AND (Deep brain stimu-
lationORDBS) without any time or language restriction
(Fig. 1). Since 1999, 156 cases of DBS treatment in TS
patients have been published [31]. Of these, only 16
surgeries in patients under 25 years of age have been
described in case reports (Table 2) [20–22, 32–42].
These reports mainly focus on target selection, stimula-
tion parameters, and effects on tics and comorbid psy-
chiatric disorders. The most common reasons for oper-
ating on these young patients were the severity and
intractability of the disease, the considerable influence
on daily functioning (e.g. not able to go to school or
work, avoiding social activities, not able to develop
friendships, and low self-esteem), and severe motor tics
causing self-injurious behaviour [20–22, 34–37, 39, 41,
42]. None of these reports discussed the ethical aspects
of DBS in adolescent patients. Moreover, minimal at-
tention was paid on to the specific difficulties encoun-
tered in these younger patients.

Most research groups used the minimum age of
25 years as an inclusion criterion for surgery, but
some groups did not follow this advice and

146 A. Y. J. M. Smeets et al.



therefore larger studies might have also included
some younger patients [43–52]. In the latest TSA
guidelines, 33 patients were reported that had DBS
before the age of 25 years. The risk of surgical
complications and adverse events did not appear to
be higher in this age group compared with older
patients [24]. Servello et al. [44] concluded that in
their series of 18 patients implanted with thalamic
DBS electrodes, three of the four cases who were
implanted before the age of 20 years had less
satisfactory results after 3 to 6 months than those
older than 20 years. This was most likely due to
spontaneous waxing and waning of symptoms re-
quiring frequent DBS programming. So far, de-
tailed case descriptions are lacking and no atten-
tion has been paid on the ethical issues and spe-
cific difficulties that physicians may encounter
when treating adolescent TS patients. As such we
conclude that there is yet no literature on ethical
aspects of performing DBS on TS patients,
let alone on adolescent TS patients.

Discussion

We have described our experiences with DBS in two
severely affected and refractory adolescent TS patients.
Three years after surgery one patient experienced a tic
reduction of more than 50% with the stimulator turned
off. The reduction may be due to natural waning of tics
that often follows adolescence and due to an additional
behavioural treatment for tics after the DBS. At present,
he is satisfied with the level of symptoms and would not
consider the surgery anymore. The second patient is
responding well to the stimulation, but went through a
period of behavioural disturbances which are not un-
common during adolescence but interfered with optimal
programming. We believe that the experienced stress
before, around, and after the surgery might have pro-
voked the excessive use of cannabis and caused the
related behavioural disturbances.

DBS in TS seems to have a promising future in terms
of tic reduction, however, it raises several ethical ques-
tions that need continuing discussion especially in

Search in PubMed

Tourette’s syndrome OR Tourette 
syndrome OR Gilles de la Tourette 

syndrome OR Tourette’s disorder OR 
Tourette OR tic disorder

AND
Deep Brain Stimulation OR DBS

Articles published since 
1st of January 1999, 

last update 4ht of July 
2017

Records screened (N = 320)

Inclusion criteria of the articles: 
1) Clinical trials or case reports of DBS for

adolescent patients (≤25 years of age) 
with Tourette Syndrome

2) Original, published and peer-reviewed 
articles

Ar�cles included (N = 14) 

Records excluded (N = 234)

Full text ar�cles assessed 
for eligibility (N = 64)

Fig. 1 Literature search
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adolescent patients. Five major topics concerning the
ethics of DBS in clinical practice have been identified
previously: 1) selecting patients fairly, 2) thorough ex-
amination and weighing of risks and benefits, 3)
protecting the health of children in paediatric DBS, 4)
special issues concerning patient’s autonomy, and 5) the
normative impact of quality of life measurements [53].

When discussing the first topic: selecting patients
fairly, one of the first questions is whether DBS should
be indicated for adolescent patients with TS, given the
chances of natural remission during adolescence. In
40% of TS patient’s tics decrease during adolescence,
in another 40% they may disappear completely and only
in 20% they remain in their full intensity and require
chronic treatment [1, 3]. Chronic treatment may include
pharmacotherapy and behavioural or psychosocial ther-
apy [6, 7], but there is a small subset of patients who fail
to show clinical improvement, and experience intolera-
ble side-effects or potentially life-threatening tics or self-
injurious behaviour. These patients are potential candi-
dates for a surgical intervention. The available research
shows that DBS of different targets in TS is effective
and results in a mean tic improvement of 53% on the
YGTSS [31].

Based on the new insights and guidelines we have
waived our previous age limit of 25 years [24]. This
brings us to incorporating the second topic: thorough
examination and weighing of risks and benefits. Our
motivation for waiving this age limit was that severe
TS in adolescence can be severely disruptive to devel-
opment, often jeopardizing educational and job oppor-
tunities, social interactions and relationships. Delaying
surgery in these younger incapacitated TS patients could
potentially result in permanent harm to social, psycho-
logical, and intellectual development, even if the symp-
toms eventually subside with age. Similarly, in rare
cases of ‘malignant TS’, the tics themselves may carry
greater risk for bodily harm or even death [20–22, 24].
An early intervention with positive results may bring
significant benefits on the individual’s development and
future. On the other hand, DBS is an invasive treatment
with potential surgical complications and adverse
events. Stimulating the anterior GPi has been related to
side-effects such as higher anxiety levels, dyskinesia,
fatigue, dizziness and a case of hypomania [31, 54].
Stimulating different targets can cause other side-
effects such as gaze disturbances, mood deterioration,
apathy and dysarthria [31]. In many instances adjust-
ment of the stimulation parameters can diminish or

eradicate these side-effects. Surgical complications
mostly centre around hardware malfunction and infec-
tions [55, 56]. In general DBS is considered as a safe
surgical procedure with a minimal risk (<1%) of serious
complications (e.g. bleeding, neurological deficits) [24,
31, 55]. Thorough selection of patients who should be
offered DBS is an essential requirement for a successful
intervention from a clinical as well as an ethical per-
spective. In general, patient selection should optimize
the individual risk–benefit ratio [53].

Both our patients suffered from severe and refractory
TS for many years and were selected for DBS after a
thorough multidisciplinary evaluation. Patient 1 had
received behavioural treatment and several medications
without success and hence he met the DBS inclusion
criteria. After unsuccessful DBS, he tried a behavioural
treatment again, fromwhich he reported a positive effect
on tic severity, self-confidence and quality of life. Be-
haviour therapy implies doing homework exercises,
which this patient reported he had not done the first time
he underwent this treatment, because at that time he
could not focus on this treatment since he was too busy
with school and his parents were in a divorce. Although
this patient met the inclusion criteria for DBS, an addi-
tional step before starting DBS could have been thor-
ough evaluation of which interventions for tics have
been done before and why the patient did not profit
from it. After optimizing these relatively first-line less
invasive interventions [7] DBS might be an option for
further treatment.

A gap in our current state of knowledge is that it is
not possible to predict the natural course of tics in TS, so
that expected chronicity cannot be used to indicate DBS
treatment. At present it remains unclear whether (and to
what extent) severely affected patients at the age of 18
may or may not await a significant improvement until
the age of 25 [8]. Clinicians selecting DBS candidates
would benefit from knowledge of predictive factors,
both epidemiological as well as biomarkers, that would
allow identification of patients who will remain severely
affected into adulthood, but so far this is not possible.
Therefore, the advantages and disadvantages of DBS
should be evaluated multidisciplinary for every individ-
ual adolescent TS patient who may be a surgical candi-
date. Our patients were informed about the possibility of
natural improvement or remission and the possibility of
limited or no effect of the surgery on tics. Apparently,
they chose to have the operation because of their actual
suffering, and not because of the chance of chronicity. In
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patient 1 as well as in the case described by Zekaj et al.
[42], tic severity significantly declined during adoles-
cence, to such an extent that the stimulator in these
patients was turned off and they would not be eligible
for DBS anymore. Should we not have operated on
these patients? With the knowledge of hindsight proba-
bly not, but that does not help in the decision making
beforehand. On the other hand, if DBS resulted in
positive stimulation effects in this very important period
of life, would it be ethical to deprive them from this
therapeutic option? Moreover, would it be ethical to
consider DBS a temporary therapeutic application?
And if so, should we remove the stimulator when, after
turning off the system, there is no increase in tics for a
certain period? It is important to realize that since DBS
may be an effective procedure in selected treatment-
resistant adolescent TS patients, one may do harm to
patients not only by performing DBS, but also by not
performing it. It seems to be justified to leave traditional
reticence (based on the substantial chance of natural
remission) behind and allow earlier intervention in view
of the combination of acute suffering and the chance of
irreparable harm. The patient’s benefit is central in the
ethical evaluation. This criterion can outweigh risks and
side-effects, and can make DBS appropriate even in
adolescent TS patients with a chance of natural remis-
sion [53].

The third topic is protecting the health of children in
paediatric DBS. This can be expanded to protecting the
health of adolescent TS patients selected for DBS (age
10–25 years). Local ethics committee involvement is
necessary for cases involving persons under 18 years
and for cases considered Burgent^ in our centre [24].
Moreover, following all the in- and exclusion criteria
and basing the decision on a multidisciplinary decision
is mandatory. Successful application of the DBS proce-
dure requires much more than the surgery itself. In
addition, guidance before, during and after surgery and
defining realistic expectations are of major importance.
Programming the stimulator to gain the settings with the
best effects on tics and no or minor side-effects may take
months to a year [24]. This is clearly different from, for
example, Parkinson’s disease or essential tremor in
which an immediate effect can be observed. Significant
spontaneous waxing and waning of symptoms in TS
requiring frequent DBS programming makes it even
more difficult. The influence of this might be greater
during adolescence and spontaneous waning may even
be a first sign of spontaneous remission [1, 57].

Therefore, the inclusion criteria for surgery should go
much further than being purely clinical criteria and
consider certain psychological, social and environmen-
tal factors too. To get through all the problems and
challenges (e.g. school issues and interpersonal relation-
ships) during the period from childhood to adulthood
and handle the related stress, it is very helpful for
adolescents not only to have the understanding and
support from peers and adults, but also to be able to
manage the stressors and hassles of everyday life by
themselves. The development of coping strategies may
support or inhibit positive adolescent adaptation.

Adolescents who lack adequate coping strategies are
more likely to show deviant behavior (e.g. substance
use) and use avoiding and distancing coping strategies,
whereas adolescents with healthy coping try to solve the
problems or seek for social support [58]. Ideally, ado-
lescent candidates for DBS surgery have a stable psy-
chosocial environment and an effective and positive
coping style. Patients should be able to tolerate the
demands of surgery and the postoperative follow-up,
and also the ability to cope with the possibility of a poor
outcome. As such it is important for all DBS centres
who operate on TS patients with a multidisciplinary
approach to include an extensive (neuro)psychological
evaluation. Since adolescent patients often still live with
their parents, a supporting attitude of parents and other
relatives is also of significant importance. Even though
formally informed consent lies with the young patient
only, especially these young patients can profit from an
approach in which both the patient and parents, or other
close caregivers, are consulted during the DBS trajecto-
ry and involved in treatment and follow-up. In patient 2
the stress experienced before, around and after the sur-
gery might have provoked the excessive use of cannabis
and the related behavioural disturbances as a result of an
avoiding coping style. Psychological support already
prior to surgery can help those patients and parents with
a less effective coping style to deal with the stress that
can accompany the surgery. Psychological support is
also helpful to improve overall compliance and other
difficulties that may impede successful DBS.

The fourth topic concerns the patient’s autonomy
and the decision for surgery should be based upon
autonomous decision-making of the potential patient
[28, 29]. Respect for patient’s autonomy is expressed
by safeguarding for informed consent. Some aspects of
DBS should be given special attention, namely the
complexity of the treatment, the expectations of the
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patient and his relatives, compliance, and the operating
technique [53]. A specific problem in the latter context
is the so-called therapeutic misconception, which im-
plies that patients expect evident personal benefit, but
fail to realize the innovative character of the treatment
and undervaluing the fact that individual treatment re-
sponse is uncertain and long-term cognitive, emotional
and behavioural effects are largely unknown. Despera-
tion is often very high in severely affected TS patients
which increases to hope for improvement by DBS.
Moreover, depression occurs frequently in adolescent
TS patients [59], and their preferences can be more
strongly influenced by affective components. Com-
bined, this could lead to the danger of overhasty deci-
sions in favour of undergoing DBS surgery. In addition
to informed consent, DBS could have an impact on
patient’s autonomy in a separate way. Faced with deci-
sion conflicts DBS patients might fail to slow down and
make impulsive decisions for their disadvantage [53].
This might have played a role in our second patient.
Although he was informed that finding the correct stim-
ulation settings would take time and that we did not
expect an immediate effect on his tics, he was very
disappointed. This disappointment became part or may-
be even the cause of the behavioural problems compli-
cating the treatment even more. Moreover, a stable
psychosocial environment, such as supportive parents,
is one of the inclusion criteria for DBS and especially
important in adolescent patients. Despite being of im-
portance for a positive outcome of DBS, this same
environment could also undermine autonomous deci-
sion making of the patient. Adolescence is a period of
understanding the ‘self’ in relation to the social world
with a desire to find a balance [26]. Adolescents can
base their decision to take part and undergo treatment on
external forms of pressure, either perceived or actual.
They may feel ashamed and a burden to their family.
These feelings may make them suffer even more than
the tics themselves. This may influence their decision to
participate and undermines autonomous decision-
making and voluntary participation. To address these
issues, a good relationship between researcher and pa-
tient is essential, given also that life-long treatment and
follow-up within the same institution will be needed.

DBS is an elective intervention in TS that is neither
life-saving, nor can it cure the disease, and the goal for
patients is usually to improve their quality of life, which
is greatly limited in refractory TS patients. This brings
us to the fifth topic: the normative impact of quality of

life measurements. Enquiring for the quality of life of
the patients in treatment, additionally to the effective-
ness of the intervention, is an important aspect from an
ethical point of view. In Parkinson’s disease and other
movement disorders, the pure effectiveness of the inter-
vention regarding the motor functions has been consid-
ered normatively meaningless [53]. At this point, the
question rises whether this also holds in case of TS. In
patients with TS the deterioration of their quality of life
does not merely consist in the very fact that they do
experience these tics, but also in the negative effects the
tics have on their surroundings as well as reactions of
other people on the tics, resulting in low self-esteem. In
addition, DBS treatment in adolescent TS patients has a
normative impact on young patient’s long-term quality
of life comparable to those described for patients with
movement disorders. Delaying the surgery might to lead
to deterioration of quality of life during this important
period of life. Even though the effects of DBS might be
even successful several years after adolescence, irrepa-
rable personal and social harm might be done. Tics that
are experienced as insulting or disturbing, for example
coprolalia or severe motor tics in class room settings, are
normatively meaningful because they also affect other
persons. Such social consequences and the reactions of
others contribute to the fact that young TS patients end
up with having their educational and job opportunities
ruined and their social interactions and relationships
potentially even irreparably harmed. Therefore, the ef-
fectiveness of the DBS intervention might be norma-
tively meaningful in itself. The first patient experienced
an improvement in tics and quality of life 3 years after
surgery, which seemed to be independent of the DBS.
The second patient experienced a beneficial effect on his
tics which allowed him to start working again and to
improve his social contacts, eventually leading to an
improvement of his quality of life. At the same time,
as discussed before, normatively relevant risks and ben-
efits go further than effectiveness. Too high expecta-
tions, disappointment in case there is no immediate
success, great suffering pressing patients to seek solu-
tions, troubles with coping with surgery- and treatment-
related stress, are all issues that are relevant in this
regard.

Although ethical criteria for evaluating psychiatric
DBS are principally similar to those discussed for other
movement disorders, the experimental character of DBS
in TS raises additional questions of research ethics. DBS
for TS is not (yet) a recognized indication by regulating
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authorities and it must be considered a treatment that
should only be done in a research setting. This triggers
several structural challenges that DBS trials in this do-
main will unavoidably face. In addition to safeguarding
the rights and interests of vulnerable research partici-
pants, it would be important to initiate set-up and pro-
motion of high-quality scientific research that could
serve the interest of future patients [28]. Today, such
trials are not performed worldwide, and such a trial set-
up faces several challenges. Even experienced DBS
centres perform only a handful of DBS surgeries in TS
patients each year, using different techniques and tar-
gets, making it difficult to obtain and interpret large-
scale outcomes. Multicentre randomised controlled tri-
als would theoretically be desirable, but difficult to
realize due to practical reasons and would stretch over
many years, and often do not provide conclusive evi-
dence in heterogeneous populations, such as TS patients
[52]. Currently the inclusion process, surgical tech-
niques, targets, programming and postoperative care
differ largely between different institutions and coun-
tries. Moreover, during such study new insights might
be gained, e.g. pointing to different surgical targets or
other changes in the procedure, which would be uneth-
ical to withhold from later participants. Because of these
limitations, coupled with the variable effect of surgery,
and the overall small numbers of TS patients with DBS
worldwide, there is no regulatory agency approval from
the FDA and the EC to date. To overcome these struc-
tural limitations and to take steps towards larger scale
analyses, the TSA recently launched an international
Tourette DBS registry and database [60]. The main goal
of the project is to share data, uncover best practices,
improve outcomes, and provide critical information to
regulatory agencies. Such a database can also allow for
an analysis of adolescent TS patients to determine for
which group of younger patients DBS would be bene-
ficial, either temporarily or lifelong lasting.

Conclusion

DBS surgery for TS patients has lately been considered
at an earlier age because more stress has been placed on
the potential long lasting harmful effects of the disorder.
Specific ethical issues arise in this age-group relating
both to clinical practice as well as to research. In clinical
practice attention should be paid to selecting patients
fairly, thorough examination and weighing of risks and

benefits, including evaluation of adequacy of former
applied first-line interventions, protecting the health of
children and adolescents receiving DBS, special issues
concerning patient’s autonomy, and the normative im-
pact of quality of life. Realistic expectations, consider-
ation of the psychological, social and environmental
conditions of adolescent TS patients and the adequate
inclusion of relatives in the process of decision-making
and care are important. In research, registration of all TS
cases in a central database covering a range of standard-
ized information will facilitate the further development
of DBS for this indication. Clinical practice should be
accompanied by ongoing ethical reflection, preferably
covering not only theoretical thought but providing also
insights in the views and perspectives of those con-
cerned, that is patients, family members and profes-
sionals. Examining the ethical issues of DBS may help
to realize its entire potential for benefiting severely
suffering TS patients.
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