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Abstract Deep brain stimulation (DBS) is an established
treatment option for some movement disorders, in partic-
ular Parkinson’s disease. Only recently, a number of
promising studies with small samples of patients have been
published in which impressive therapeutic outcomes
achieved by DBS in otherwise treatment-resistant obses-
sive—compulsive disorder, major depression, and Tou-
rette’s syndrome were reported. It seems probable that the
investigational approach to treat mental disorders by DBS
will increase substantially. Neurosurgical interventions in
psychiatric patients raise ethical considerations not only
based on the disreputable experiences of the era of psy-
chosurgery. Therefore, it is necessary to implement trans-
parent and well-defined regulations for the protection of the
patients as well as appropriate support for therapeutic
research. The current article aims to provide a synopsis of
the DBS approach in mental disorders and the hitherto
existing criteria for research. It suggests some additional
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Introduction

After its introduction more than 20 years ago, the deep brain
stimulation (DBS) today is established as an option to treat
Parkinson’s disease and essential tremor. Use of DBS for
movement-related disorders has been approved by the US
Food and Drug Administration (FDA) and has been used in
more than 35,000 patients worldwide [7]. The improvement
in symptoms of many patients has captured the attention of
the general public, and neuroscientists are now introducing
DBS for psychiatric disorders. Successful treatments of
small samples suffering from otherwise treatment-refractory
obsessive—compulsive disorder (OCD), major depression
(MD) or Tourette’s Syndrome (TS) make an increased use of
DBS for the treatment of mental disorders in the future
appear probable. Even now, the effectiveness of DBS for
the treatment of addiction and schizophrenia is being
discussed.

Having in mind the disreputable history of psychosur-
gery throughout the mid 20th century, discussions of neu-
rosurgical interventions in psychiatric diseases must be
approached with caution. Besides Gottlieb Burckhardt,
psychosurgery was first introduced by Egas Moniz [19]
who was awarded the Nobel Prize in 1949 for developing
surgical methods that disrupted afferent/efferent pathways
of the frontal lobe. This frontal lobotomy was not only
based on very little clinical evidence, but even abuses of
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this technique occurred: less appropriate patients were
selected and non-surgeons began performing lobotomies.
Some 4,000 of these psychosurgical procedures were per-
formed or supervised by Walter Freeman, a psychiatrist
who performed transorbital lobotomy with an icepick and
with minimal surgical technique.

It is important to appreciate the difference between the
scientifically guided procedures of today and the empirical
psychosurgery methods that existed about 50 years ago.
DBS offers several advantages over traditional lesioning
surgery. As the most important one, DBS is a reversible
and adaptable procedure without causing irreversible brain
lesions. The stimulator can be turned off or on, and the
stimulation can be adjusted. Finally, there is the possibility
to remove the intracranial electrode completely and nearly
without damage to the stimulated region. The adaptability
of the procedure allows researchers to manipulate the set-
tings of the stimulating electrode, and to perform sham
stimulations to measure the placebo effects. In terms of
research, such a technological development is invaluable
and was previously unavailable with lesioning operations.

However, despite these advantages, DBS is not an
entirely innocuous operation. Even seemingly simple
components of the procedure can have serious conse-
quences if the surgeon does not have the appropriate
expertise, and the implications of the procedure are not yet
examined in their full range, including possible cognitive
and psychosocial consequences.

DBS of mental disorders—a short overview
DBS and OCD

The first mental disorder to be experimentally treated by
DBS was OCD. In 1999, in a pilot study, Nuttin et al. [20]
reported encouraging results in three of four OCD patients
after implantation of electrodes in the anterior limbs of the
internal capsule and the neighboring nucleus accumbens.
Last year, four different research groups reviewed 26
patients with OCD, in which a similar DBS approach was
used [4]. With bilateral DBS, more than one-third of the
patients achieved remission, and about two-thirds were
living more independently and with a better social stand-
ing. Based largely on these findings, in February 2009, the
FDA approved a special device from Medtronic Inc.
(Minneapolis, MN, USA) under the Humanitarian Device
Exemption (HDE) program for chronic and severe OCD
[29]. This type of limited approval applies to treatments for
relatively rare conditions after Institutional Review Board
(IRB) approval, and it marks the first approval of DBS for a
psychiatric condition. In Cologne, the efficacy of unilateral
(only right hand sided) DBS of the nucleus accumbens in
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OCD has been under investigation in a randomized, sham
controlled clinical trial since 2002. The 1-year effects of
the unilateral approach were nearly comparable with pre-
vious studies employing bilateral stimulation of the internal
capsule in treatment-resistant OCD [5]. Recently, Mallet
et al. [11] presented preliminary findings showing that even
the stimulation of the subthalamic nucleus, the usually
targeted structure in Parkinson’s disease, can reduce the
symptoms of severe forms of OCD. Remarkably, this
approach was associated with a substantial risk of serious
adverse events.

DBS and TS

Since the first case report of successful treatment of TS with
DBS of the thalamus was published in 1999 [31], several
other groups have used this target in a limited number of TS
patients. Maciunas et al. [10], e.g., investigated the efficacy
of thalamic stimulation in five adult TS patients with a
double-blind crossover study design. A statistically signif-
icant improvement was observed at the end of the 4-week
double-blind period, although two patients did not respond
to DBS. The largest study of thalamic DBS consisted of a
sample of 18 patients [27], in which all patients were
responders and tic reduction rates between 31 and 95%
could be achieved. But other subcortical nuclei were also
used as targets for DBS and proved the efficacy of this
approach. Based on imaging data which show a prominent
role of the ventral striatum, the nucleus accumbens with the
neighboring part of the internal capsule was stimulated in
patients with TS resulting in clinical improvement [8].
However, the most optimal target area for DBS in refractory
TS is still to be identified.

DBS and MD

Reports about distinct mood changes in DBS-treated Par-
kinson’s disease patients suggested that DBS can be used
to treat affective disorders. First data from psychiatric
patients were confirmed in an open study of six treatment-
resistant patients with major depression [13]. Mayberg and
collaborators [9] implanted DBS bilaterally in the white
matter fibers connecting to Brodman area 25 in the sub-
genual cingulate gyrus and achieved remission in four of
six patients who had not responded to drugs, psychother-
apy, or electroconvulsive therapy. This group showed a
correlation of their clinical findings with changes in the
activity in depression-relevant brain regions. In a more
recent study, 12 out of 20 severely depressed patients
undergoing DBS targeting the subcallosal cingulate gyrus
had significant improvements in their symptoms, effec-
tively going into remission for 1 year. Another promising
target structure of stimulation for depression is the ventral
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capsule and the neighboring ventral striatum, including the
nucleus accumbens. Malone et al. [12] used a similar
approach for the stimulation of OCD and improved
depression in 8 of 15 patients significantly. Schlaepfer et al.
[25] implanted electrodes in the shell and core regions of
the nucleus accumbens in three patients and also achieved
promising results (see Fig. 1).

Mechanism of action

For DBS, the underlying precise mode of action is still
unknown. DBS induces an electrical field in the brain tissue
that attenuates exponentially with the distance from the
electrode. Because DBS in some diseases achieves effects
that are remarkably similar to lesioning, the simplified
proposed mechanism was a functional neuronal blockade.
In this context theories ranged from synaptic inhibition and
depolarization blockade to release of inhibitory neuro-
transmitters [2]. However, recent research has identified an
excitatory response to high-frequency stimulation [15]. In
any case, the complex effects of DBS depend on the
stimulus settings: For example, the amplitude and temporal
characteristics of the stimulation, physiological properties
of individual cells, the geometry of the stimulus field, and
the underlying disease. With regard to the mechanism of
action, an important factor is the distance from the elec-
trode of the neural element to be modulated. At high

Prefrontal cortex --Motor cortex

Putqmen --- Caudate nucleus

Subcallosal cingulate gyrus Thalamic nuclei

Brodman Area 25

Globus pallidus internus

Accumbens nucleus

Fig. 1 Schematic representation of different anatomical structures
used as targets for deep brain stimulation in mental disorders

currents, nearby elements may be blocked, and distant
elements may not receive sufficient stimulation, but ele-
ments in an intermediate region will be activated. Gray
matter and neurons respectively have different respon-
siveness as do myelinated and unmyelinated fibers.
Therefore, the effects of DBS in the context of therapeutic
DBS differ across the target points [23]. However, the most
likely explanation of DBS-efficacy is a stimulation-induced
modulation of impaired network activity, may be by
enhancing rhythmic and synchronous inhibition within and
between afferent structures [14].

Ethical aspects

Regarding the present state-of-the-art of DBS in patients
with mental disorders, ethical aspects are first of all related
to research, which is especially complex in psychiatric
patients. Furthermore, the ethical aspects of DBS as a
possible future standard therapy are to be dealt with early
enough. Last but not least, there are overarching philo-
sophical questions concerning the underlying general
concepts of health and disease, quality of life, our under-
standing of what is “personality” [28], and a flourishing
individual life. These aspects may be threatened by new
techniques like DBS and have to be reconsidered because
of new insights into their neural foundations. This already
points to the necessity of an interdisciplinary approach to
evaluate the benefits and risks, and more generally the
implications of DBS in psychiatric patients. Here, we focus
on some ethical aspects with regard to research for thera-
peutic purposes including individual treatment attempts
outside of controlled clinical trials.

DBS for psychiatric patients is not a standard thera-
peutic method. Therefore, every application of DBS in a
psychiatric patient somehow enters into the experimental
domain and has to be justified by a thorough in depth-
analysis of possible benefits, risks, and burdens. The pro-
tection of the vulnerable patient by respecting fundamental
ethical principles, like dignity, autonomy, and beneficence
requires some criteria and procedural rules to safeguard
them, but they shall not exclude the patient from thera-
peutic progress and participation in research. Miller and
Fins [17] framed this conception on a more general level:
“... research ethics inescapably involves balancing the
competing moral objectives of promoting valuable science
and protecting subjects... ”

Some helpful recommendations were already put for-
ward by the OCD-DBS collaborative group in 2002 as 12
minimum requirements for studies aimed at investigating
the use of DBS to treat patients with psychiatric illnesses.
Furthermore, the Tourette’s Syndrome Association devel-
oped recommendations to guide the early use and potential
clinical trials of DBS in tic disorders [18]. The first
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recommendations include, e.g., the involvement of an
ethics committee that will have ongoing oversight of the
project, and a patient assessment committee. There have to
be defined criteria for severity, chronicity, disability, and
treatment-refractoriness. Only patients with decision-mak-
ing capacity should be included, and there should be a
psychiatric follow-up. The investigative team has to
include specialists from functional neurosurgery and psy-
chiatry in close collaboration, who must disclose conflicts
of interest. The procedure should never be performed for
political, law enforcement or social purposes, but only to
improve the patients’ lives [16, 21]. Mink et al. [18] focus
on comprehensive pre- and postoperative assessments, on

the use of the same terminology and methodology at dif-
ferent investigation centers, and on rigorous and well-
defined study protocols.

Here, we consider some additional aspects that should
be regarded as essential for every investigational treatment
of psychiatric patients with DBS that could complement
the recommendations already at hand. Table 1 lists our
proposed requirements for the therapeutic research in the
field of DBS in patients with mental disorders.

First of all, there have to be well-proven reasons for the
choice of the implantation area and the stimulation
parameters for the particular mental disorder—regardless
of whether the intervention is a clinical study or an

Table 1 Requirements for therapeutic research in the field of deep brain stimulation in patients with mental disorders

Criterion

Pragmatical function

Ethical function

Hitherto proposed requirements [18, 21]

Ethics committee/institutional review board

Patient assessment committee

Defined criteria for severity, chronicity,
disability, treatment-refractoriness

Patient has decision-making capacity
Clinical research center

Collaboration between functional
neurosurgical team and team
of psychiatrists

Disclosure of potential conflicts
of interest by the investigators

Purpose to improve patients’ lives;
no political, law enforcement
or social purposes

Standardized nomenclature,
assessment protocols,
outcome instruments

Additionally proposed requirements

Scientific preclarification

Multidisciplinary long-term follow-up
(study/case-advisory panel)

Disease selection

Patient selection according to the impact
on patient’s life

Inclusion of a near-by person

Approval of the protocol
Ongoing oversight

Evaluation of each patient as candidate for
inclusion according to defined criteria

Monitoring the adequacy of the consent process
Definition of inclusion criteria

Informed consent by the patient himself
Conducting and supervising patient selection,

surgical treatment, device programming,
follow-up

Guarantee of extensive experience in DBS and
the psychiatric condition under investigation

Transparency with regard to possible misuse

Prevention of misuse

Comparability of research results

Definition of target area and stimulation
parameters

Comprehensive evaluation with inclusion
of psychosocial, ethical and legal expertise

Thoughtful progress

Focusing individual quality of life

Caring and monitoring

Quality of research
Protection of the patient
Quality of research
Protection of the patient
Autonomy

Quality of research

Autonomy
Quality of research

Quality of research

Protection of the patient

Protection of the patient

Quality of research

Quality of research
Protection of the patient
Quality of research

Protection of the patient
and his family

Quality of research
Protection of the patient
Quality of research

Protection of the patient
Autonomy

Quality of research

Protection of the patient
and his family
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individual treatment attempt. All previously gained scien-
tific results and experiences, e.g., from neuroimaging and
repetitive transcranial magnetic stimulation, have to be
taken into account to develop an elaborated hypothesis for
the intended device location and the mechanism of effect
[24]. There has to be as much preliminary clarification as
necessary of these factors as a proper scientific foundation
for the surgical intervention and the whole study design
(criterion of scientific preclarification). But we have to
accept that unlike movement disorders most of the psy-
chiatric disorders do not have good translational animal
models for this purpose. Nevertheless, a potential effect of
DBS for selective mental disorders, e.g., addiction, was
underscored by the application of DBS in some transla-
tional animal models [6, 30].

Having in mind the unforeseeable emotional, cognitive,
and behavioral consequences of DBS when interfering in
neuronal networks that are not yet completely understood,
and regarding the psychosocial effects that are known from
patients with Parkinson’s disease [26], there should be a
multidisciplinary long-term follow-up in every study or
treatment attempt. This should include ethical, legal, and
psychosocial competence which could be brought together
with the neurosurgical, neuropsychological, and psychiatric
specialists in study- or case-advisory panels from the
beginning.

Let us postulate that there are well-developed scien-
tific hypotheses for DBS, for the area to be stimulated,
and the stimulation parameter in several psychiatric dis-
orders, respectively. Then it may be argued that there are
reasons to prefer some diseases over others in doing
research. This refers to the criterion of disease selection.
Regarding the complexity of the intervention, the disease
to be preferred in research should be severe. There
should be no alternatives to heal it in another and less
intrusive way. Furthermore, there should be little hope
for spontaneous healing; otherwise, there is the possi-
bility of false positive effects. And last but not least, the
disorder should be preferred which interferes with the
patient’s ability to consent as little as possible. This
aspect is obviously in conflict with the first requirement
for a severe psychiatric disorder. The more severe a
disorder, the more probable it is that the patient cannot
provide informed consent. Firstly, the patient may not
properly understand the nature, risks, and the implica-
tions of DBS. Secondly, the patient may tend to consent
to almost everything regardless of possible risks because
of the back-breaking suffering the patient wants to
overcome. But the argument about informed consent can
entail unjust consequences. If it is strongly applied,
patients with an impairment of providing consent would
never have a chance to participate in research for ther-
apeutic purposes. If there was sufficient evidence for

possible benefits in patients with persistent vegetative
state [32] or severe dementia, for example, it would be
ethically dubious to exclude them categorically from
therapeutic research. Additional or substitutional consent
by a representative according to the alleged interest of
the patient is a feasible approach here, but further dis-
cussions are necessary on this topic.

Once there are good reasons for choosing a specific
disorder for research, there have to be appropriate criteria
for patient selection among all those who suffer from this
disease. Usually, therapy-resistance to all available stan-
dard therapies (e.g., psychopharmacotherapy, behavioral or
cognitive therapy, electroconvulsive therapy) is seen as the
ethically indispensible inclusion criterion [1]. There is a
deep intuition that an invasive procedure such as DBS
should only be tested when nothing else can be beneficial
any more. DBS is then an ultima-ratio therapy. But this
widespread conviction is not as evident and intangible as it
seems to be at the first sight. It is conceivable that DBS
works in earlier stages, might even be neuroprotective, but
fails in later stages of the disease [3]. The criterion of
therapy-refractoriness excludes the possibility to study if
patients can benefit from DBS in earlier stages of mental
disorders, so that progression of the disease may be delayed
(as is conceivable for dementia) or even stopped, time
consuming psychotherapies might be avoided, and social as
well as occupational consequences could be diminished.
The ethically decisive criterion for the severity of a dis-
order is its impact on the life of the patient in all dimen-
sions, whereas the severity of symptoms is only a
subsidiary indicator-criterion. If there are sufficient reasons
pointing to a possible benefit for DBS in earlier stages of
the disease and the patient can give informed consent, there
is no paramount reason to exclude these patients categor-
ically from research for possible medical progress. It even
may be seen as a matter of justice.

Another aspect for patient selection is the psychosocial
situation. A patient with a severe psychiatric disorder
usually is unemployed. The more important it becomes to
know which daily-life activities the patient prefers and is
still able to carry out. Are there family and friends? Is there
a nearby person who knows the patient very well and who
attends to the patient regularly? The latter can be seen as a
crucial point. Such a person can care for the patient and
monitor the patient [22]. If this person is well informed—
and this should be a prerequisite anyway—this person can
detect peculiar clinical signs as hints for unwanted side
effects or for the necessity to adapt the stimulation
parameters. Preliminary experiences from our own
research project concerning ethical, legal, and social
aspects of DBS in neurological and psychiatric patients
(ELSA-DBS) funded by the German Federal Ministry of
Education and Research support this claim.
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Conclusion

Even when the FDA approved DBS for OCD patients
under the HDE program, DBS is still an investigational
therapeutic approach in severe mental disorders. Never-
theless, it has to be assumed that the indications for DBS
and frequency of its therapeutic application in psychiatry
will increase substantially. Therefore, it is important to
learn ethical lessons from the historical experiences with
psychosurgery, and to implement transparent and well-
defined regulations for the protection of the patients as well
as appropriate support for therapeutic research. In addition
to some pilot recommendations [18, 21], the following
aspects should be imperative: a solid scientifically founded
hypothesis for the efficacy of DBS based on strong
experimental support for choosing therapeutic target
regions should be an indispensible starting point for every
treatment attempt. Furthermore, the methodological design
of any clinical study using DBS should fulfill ambitious
scientific and ethical standards. Patients must be closely
monitored in the long-term in multidisciplinary collabora-
tion. A person close to the patient should be integrated in
the follow-up. For the time being, those mental disorders
should be investigated first which are severe, chronic, and
without promising therapeutical alternatives. These criteria
might interfere with the ethically important claim for
informed consent by the patient, but such consent should be
strived for vigorously and complemented by an additional
or substitutional consent by a person close to the patient or
a caregiver. Patients for DBS studies thus have to be
carefully selected. As long as there is no evidence for
neuroprotective effects or greater efficacy of DBS in early
stages of mental disorders, it should be restricted to ther-
apy-resistance of the later stages.

Conflicts of interest statement The authors, Jens Kuhn, W. Gaebel,
J. Klosterkotter, and Christiane Woopen, have no financial interests in
the subject matter of this article.

References

1. Comité Consultatif National d’Ethique (2002) Functional neu-
rosurgery for severe psychiatric disorders. http://www.ccne-
ethique.fr/docs/en/avis071.pdf. Accessed 20 May 2009

2. Dostrovsky JO, Lozano AM (2002) Mechanisms of deep brain
stimulation. Mov Disord 17:S63-S68

3. German Parkinson Study Group (GPS) (2009) Controlled trial of
deep brain stimulation in early patients with Parkinson’s disease.
http://clinicaltrials.gov/ct2/show/NCT00354133. Accessed 20
May 2009

4. Greenberg BD, Gabriels LA, Malone DA Jr, Rezai AR, Friehs
GM, Okun MS, Shapira NA, Foote KD, Cosyns PR, Kubu CS,
Malloy PF, Salloway SP, Giftakis JE, Rise MT, Machado AG,
Baker KB, Stypulkowski PH, Goodman WK, Rasmussen SA,
Nuttin BJ (2008) Deep brain stimulation of the ventral internal

@ Springer

capsule/ventral striatum for obsessive—compulsive disorder:
worldwide experience. Mol Psychiatry [Epub ahead of print]

5. Huff W, Lenartz D, Schormann M, et al. (2009) Unilateral deep
brain stimulation of the nucleus accumbens in patients with
treatment resistant obsessive compulsive disorder—outcomes
after one-year stimulation. Clin Neurol Neurosurg (in press)

6. Knapp CM, Tozier L, Pak A, Ciraulo DA, Kornetsky C (2009)
Deep brain stimulation of the nucleus accumbens reduces ethanol
consumption in rats. Pharmacol Biochem Behav 92:474-479

7. Kringelbach ML, Jenkinson N, Owen SLF, Aziz TZ (2007)
Translational principles of deep brain stimulation. Nat Rev
Neurosci 8:623-635

8. Kuhn J, Lenartz D, Mai JK et al (2007) Deep brain stimulation of
the nucleus accumbens and the internal capsule in therapeutically
refractory Tourette-syndrome. J Neurol 254:963-965

9. Lozano AM, Mayberg HS, Giacobbe P, Hamani C, Craddock RC,
Kennedy SH (2008) Subcallosal cingulate gyrus deep brain
stimulation for treatment-resistant depression. Biol Psychiatry
64:461-467

10. Maciunas RJ, Maddux BN, Riley DE, Whitney CM, Schoenberg
MR, Ogrocki PJ, Albert JM, Gould DJ (2007) Prospective ran-
domized double-blind trial of bilateral thalamic deep brain
stimulation in adults with Tourette syndrome. J Neurosurg
107:1004-1014

11. Mallet L, Polosan M, Jaafari N, Baup N, Welter ML, Fontaine D,
du Montcel ST, Yelnik J, Chéreau I, Arbus C, Raoul S, Aouiz-
erate B, Damier P, Chabardés S, Czernecki V, Ardouin C, Krebs
MO, Bardinet E, Chaynes P, Burbaud P, Cornu P, Derost P,
Bougerol T, Bataille B, Mattei V, Dormont D, Devaux B, Vérin
M, Houeto JL, Pollak P, Benabid AL, Agid Y, Krack P, Millet B,
Pelissolo A; STOC Study Group (2008) Subthalamic nucleus
stimulation in severe obsessive—compulsive disorder. N Engl J
Med 359:2121-2134

12. Malone DA Jr, Dougherty DD, Rezai AR et al (2009) Deep brain
stimulation of the ventral capsule/ventral striatum for treatment-
resistant depression. Biol Psychiatry 65(4):267-275

13. Mayberg HS, Lozano AM, Voon V, McNeely HE, Seminowicz
D, Hamani C, Schwalb JM, Kennedy SH (2005) Deep brain
stimulation for treatment-resistant depression. Neuron 45:651—
660

14. McCracken CB, Grace AA (2009) Nucleus accumbens deep brain
stimulation produces region-specific alterations in local field
potential oscillations and evoked responses in vivo. J Neurosci
29:5354-5363

15. MclIntyre CC, Savasta M, Kerkerian-Le Goff L, Vitek JL (2004)
Uncovering the mechanism(s) of action of deep brain stimulation:
activation, inhibition, or both. Clin Neurophysiol 115:1239-1248

16. Merkel R, Boer G, Fegert J, Galert T, Hartmann D, Nuttin B,
Rosahl S (2007) Intervening in the brain: changing psyche and
society. Springer, Heidelberg

17. Miller FG, Fins JJ (2006) Protecting human subjects in brain
research: a pragmatic perspective. In: Illes J (ed) Neuroethics:
defining the issues in theory, practice. Oxford University Press,
Oxford, pp 123-140

18. Mink JW, Walkup JF, Kirk A, Como P, Cath D, Delong MR,
Erenberg G, Jankovic J, Juncos J, Leckman JF, Swerdlow N,
Visser-Vandewalle V, Vitek JL (2006) Patient selection and
assessment recommendations for deep brain stimulation in Tou-
rette syndrome. Mov Disord 21:1831-1838

19. Moniz E (1937) Prefrontal leucotomy in the treatment of mental
disorders. Am J Psychiatry 93:1379-1385

20. Nuttin B, Cosyns P, Demeulemeester H, Gybels J, Meyerson B
(1999) Electrical stimulation in anterior limbs of internal capsules
in patients with obsessive—compulsive disorder. Lancet 354:1526

21. Nuttin B, Gybels J, Cosyns P, Gabriels L, Meyerson B,
Andréewitch S, Rasmussen S, Greenberg B, Friehs G, Rezai AR,


http://www.ccne-ethique.fr/docs/en/avis071.pdf
http://www.ccne-ethique.fr/docs/en/avis071.pdf
http://clinicaltrials.gov/ct2/show/NCT00354133

Eur Arch Psychiatry Clin Neurosci (2009) 259 (Suppl 2):S135-S141

S141

22.

23.

24.

25.

26.

217.

Montgomery E, Malone D, Fins JJ (2002) Deep brain stimulation
for psychiatric disorders. Neurosurgery 51:519

Nuttin BJ, Gabriels L, van Kuyck K, Cosyns P (2003) Electrical
stimulation of the anterior limbs of the internal capsules in
patients with severe obsessive—compulsive disorder: anecdotal
reports. Neurosurg Clin N Am 14:267-274

Perlmutter JS, Mink JW (2006) Deep brain stimulation. Annu
Rev Neurosci 29:229-257

Ressler KJ, Mayberg HS (2007) Targeting abnormal neural cir-
cuits in mood and anxiety disorders: from the laboratory to the
clinic. Nat Neurosci 10:1116-1124

Schlaepfer TE, Cohen MX, Frick C et al (2008) Deep brain
stimulation to reward circuitry alleviates anhedonia in refractory
major depression. Neuropsychopharmacology 33(2):368-377
Schiipbach M, Gargiulo M, Welter ML, Mallet L, Béhar C,
Houeto JL, Maltéte D, Mesnage V, Agid Y (2006) Neurosurgery
in Parkinson disease: a distressed mind in a repaired body?
Neurology 66:1811-1816

Servello D, Porta M, Sassi M, Brambilla A, Robertson MM
(2008) Deep brain stimulation in 18 patients with severe Gilles de

28.

29.

30.

31.

32.

la Tourette syndrome refractory to treatment: the surgery and
stimulation. J Neurol Neurosurg Psychiatry 79:136-142
Synofzik M, Schlaepfer TE (2008) Stimulating personality: eth-
ical criteria for deep brain stimulation in psychiatric patients and
for enhancement purposes. Biotechnol J 3:1511-1520

U.S. Food and Drug Administration (2009) New humanitarian
device approval. www.fda.gov/cdrh/mda/docs/H050003.html.
Accessed 26 May 2009

Vassoler FM, Schmidt HD, Gerard ME, Famous KR, Ciraulo DA,
Kornetsky C, Knapp CM, Pierce RC (2008) Deep brain stimu-
lation of the nucleus accumbens shell attenuates cocaine priming-
induced reinstatement of drug seeking in rats. J Neurosci
28:8735-8739

Vandewalle V, van der Linden C, Groenewegen HJ et al (1999)
Stereotactic treatment of Gilles de la Tourette syndrome by high
frequency stimulation of thalamus. Lancet 353:724

Yamamoto T, Kobayashi K, Kasai M, Oshima H, Fukaya C,
Katayama Y (2005) DBS therapy for the vegetative state and
minimally conscious state. Acta Neurochir Suppl 93:101-104

@ Springer


http://www.fda.gov/cdrh/mda/docs/H050003.html

	Deep brain stimulation as a new therapeutic approach �in therapy-resistant mental disorders: ethical aspects �of investigational treatment
	Abstract
	Introduction
	DBS of mental disorders?a short overview
	DBS and OCD
	DBS and TS
	DBS and MD
	Mechanism of action
	Ethical aspects

	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


