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Within the recent development of brain-machine-interfaces deep brain stimulation (DBS) has be-
come one of the most promising approaches for neuromodulation. After its introduction more
than 20 years ago, it has in clinical routine become a successful tool for treating neurological dis-
orders like Parkinson’s disease, essential tremor and dystonia. Recent evidence also demonstrates
efficacy in improving emotional and cognitive processing in obsessive-compulsive disorder and
major depression, thus allowing new treatment options for treatment refractory psychiatric dis-
eases, and even indicating future potential to enhance functioning in healthy subjects. We demon-
strate here that DBS is neither intrinsically unethical for psychiatric indications nor for enhance-
ment purposes. To gain normative orientation, the concept of “personality” is not useful — even if
a naturalistic notion is employed. As an alternative, the common and widely accepted bioethical
criteria of beneficence, non-maleficence, and autonomy allow a clinically applicable, highly differ-
entiated context- and case-sensitive approach. Based on these criteria, an ethical analysis of em-
pirical evidence from both DBS in movement disorders and DBS in psychiatric disease reveals that
wide-spread use of DBS for psychiatric indications is currently not legitimated and that the basis
for enhancement purposes is even more questionable. Nevertheless, both applications might
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serve as ethically legitimate, promising purposes in the future.
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1 Introduction

While many technological developments within
the rapidly growing field of brain-machine-inter-
faces (BMI) or “neuroengineering” have posed eth-
ical questions [1-4], one of the most challenging in-
terventions might be electrical deep brain stimula-
tion (DBS). Its application is certainly not only no
longer speculative in nature, but already part of
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clinical routine in treating several neurological dis-
orders. Correspondingly, effectiveness has been
demonstrated not only in artificial lab environ-
ments, but also in randomized controlled trials, e.g.,
in advanced Parkinson'’s disease (PD) [5]. In addi-
tion, compared to classical ablative neurosurgical
interventions, it is less invasive, fully removable,
and adjustable [6]. Having proved its value in the
treatment of various neurological diseases, includ-
ing PD, general and segmental dystonia [7], tremor
in multiple sclerosis [8] and — to a much lesser de-
gree — partly also in cluster headache [9] and even
minimally conscious state [10, 11], this new tech-
nology now raises the prospects of impacting dis-
ordered emotional and cognitive processing in psy-
chiatric disease. In fact, some efficacy has recently
been demonstrated in studies of treatment-refrac-
tory psychiatric disorders, such as obsessive-com-
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pulsive disorder (OCD) [12-14], major depression
(MD) [15-18] and partly also in Tourette’s syn-
drome [19, 20], illustrating that psychiatric DBS has
already started to become part of clinical reality. In
a similar vein, it seems to be possible — at least in
principle — to treat other disturbing behavioral
traits: For example, it might be possible to improve
obesity [21, 22] or impulsive and violent behavior
[23]. Consequently, in the future one might even
aim at improving mental states that do not reach
the severity threshold for classification as a disor-
der, but still range in the “normal” range of emo-
tional and cognitive functioning. Although there
are no ongoing trials on DBS for enhancement pur-
poses, recent reports demonstrate that DBS of the
ventral striatum can be used to selectively induce
emotions with positive valence [24, 25] or that hy-
pothalamic DBS enhances associative memory in
a person without any disease-related memory
deficits [22]. Thus, as a hypothetical future sce-
nario, DBS might be used to improve mood not only
in patients with affective disturbances or to im-
prove memory not only in dementia patients (as it
is currently attempted, although with low suc-
cess[26]), but also in affectively and cognitively in-
tact persons.

This rapid expansion of DBS to indications
where it bears only questionable effects and where
it includes highly vulnerable populations (e.g., psy-
chiatric or dementia patients) underlines the ur-
gent necessity to quickly develop and implement
stringent ethical criteria for its application. The as-
sociated specific ethical concerns, however, have
only rarely been addressed so far (for first recent
discussions see [27-29]).In contrast, misleading ar-
guments and unclear ethical criteria still often bias
stringent societal and ethical discussions. We
demonstrate here some of those misleading argu-
ments that must be avoided in societal discussion
regarding the potential application of DBS for neu-
ropsychiatric and behavioral indications. As an al-
ternative, the common and widely accepted bioeth-
ical criteria of beneficence, non-maleficence, and
autonomy allow a medically applicable, highly dif-
ferentiated context- and case-sensitive approach.
Moreover, we show that cognitive and mood en-
hancement by DBS in mentally intact persons is
not intrinsically unethical and that the same crite-
ria apply as for DBS application in disease states.
These criteria reveal, however, that widespread use
of DBS for psychiatric indications is currently not
legitimated and that the basis for enhancement
purposes is even more questionable.
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2 The unfortunate term “psychosurgery”

First of all, societal discussion about the legitima-
tion of psychiatric DBS should abandon any his-
toric allusions to the infamous term of psy-
chosurgery. For several reasons procedures such as
“frontal lobotomy”, popularized in the 1930s and
1940s by psychosurgery pioneers such as Egas Mo-
niz, Walter Freeman and James W. Watts [30, 31],
differ clearly from modern stereotactic DBS (see
Table 1, left column). Thus, the term “psycho-
surgery” is associated with misleading, negative
historical and cultural biases and rather blurs than
clarifies ethical and factual issues at stake. Conse-
quently, it must be eliminated from stringent dis-
cussion. Benefit, harm and representation of pa-
tient’s will in the case of psychiatric DBS should be
analysed in comparison with current neuropsychi-
atric practices such as ablative surgery (Table 1,
middle column), neuropsychopharmacology or
electroconvulsive therapy (ECT).

3 Interfering with or altering personality
traits

On the first glance, the question whether DBS for
psychiatric indications might alter personality or
not seems to be one of the fundamental ethical
questions [36, 37]. In particular, one might tend to
ask whether psychiatric DBS alters personality or
not to draw ethical conclusions from this fact. This
can be done explicitly by taking personality change
as a negative criterion for psychiatric DBS, claim-
ing for example that “it should not be used to mod-
ify a person’s individual character traits”[38]; or it
can be done implicitly, for example by assessing
DBS-induced changes of personality variables
mainly under the category of “risks” [39].

This approach, however, seems utterly mislead-
ing. First, the question whether DBS for psychiatric
indications alters personality or not is completely
contigent on the respective concept of personality
employed. The term “personality” is generally used
with a wide variety of meanings. If one really wants
to try to delineate normative questions from the
fact whether DBS “changes personality or not”,
broad discussions will arise about which aspects it
might include or not.

However, what is the most plausible candidate if
one tries to still hold on to this concept and to
achieve a consentable, interdisciplinary useful no-
tion of it? Traditionally, in particular in the course
of Cartesian and Kantian philosophy, it is assumed
that there has to be a distinct, non-reducible entity
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Table 1. Differences in ethical, historical and societal variables between early psychosurgery on the one hand and current ablative surgery and DBS on the

other. For illustration, description of variables is partly simplified. Variables of early psychosurgery are characterized based on current descriptions from

[30, 32, 33] and on critical analyses that were already published during the era of early psychosurgery [34, 35]

Ethical, historical or
societal variable

Early psychosurgery

Currently used ablative surgery

Deep brain stimulation

Medical indication Often disturbing, intolerable patients
with unclear, vague indication in an

era without neuroleptic medication

Patients with reduced health-
related quality of life and refractory
to other treatments

atients with reduced health-
Prelated quality of life and
refractory to other treatments

Surgical method Imprecise open surgery

Precisely planned, ablative
sterotactic intervention
(thermocoagulation)

Precisely planned, stereotactic
insertion of electrodes

Selection of targeted
brain area

Crude prior clinical observation

Hypothesis-driven; based on
previous animal lesion
experiments and patient studies

Hypothesis-driven based on
lesional surgery (initially) and
extensive prior functional
neuroimaging data (currently)

Brain tissue damage Irreversible lesion of larger

Irreversible lesion of specific

Largely reversible damage;

brain areas small brain area removable hardware
Adaptation to effects Impossible Impossible Constant parameter optimization
and side effects to maximize effect and reduce
side-effects
Patient information None Informed consent after Informed consent after

counseling

counseling

Decision-making Treating physician only

Interdisciplinary conference

Interdisciplinary conference

process and patient’s own informed and patient’s own informed
preferences preferences
Primary goal Altering wholesale personality Improving specific aspects of Improving specific movement
structures respective psychiatric disorder parameters or specific aspects of

respective psychiatric disorder

Follow-up care No specific Interdisciplinary team Interdisciplinary team,
continuous follow-up dates

Treatment standards None Clearly defined inclusion and Clearly defined inclusion and

exclusion criteria intervention
decided by committee on a case
by case basis

exclusion criteria; randomized
controlled trials using sham-
stimulation (recently)

termed ‘selfA, which would underlie the central
core features of a person, functioning, e.g., as the
realizer of the unity of our experiences and of
transtemporal unity, as the center of our perspec-
tive or as the bearer of the sense of mineness of ac-
tions and thoughts. Such a non-physical self would
— by definition — never be able to be changed by
neuromodulatory approaches such as DBS.
Obviously, it is highly implausible to assume the
existence of such a purely mental correlation of the
self. It seems much more convincing — and thereby
much more productive with respect to neuroscien-
tific and neuroethical investigations —to follow nat-
uralistic accounts of the self that have been put for-
ward in modern philosophy. According to these ac-
counts, the self is best understood as the objective,

© 2008 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

biological-cognitive representational system with
special characteristic self-representational capaci-
ties [40, 41]. This self-representational system is
able to construct subjective representations of one-
self based on one’s actions, perceptions, emotions,
beliefs, etc. The self-representations of this system
are not built up by a homogenous monolithic enti-
ty — as it appears phenomenally and as it was con-
strued by traditional philosophy — but by different
modules operating on different levels of represen-
tational and functional complexity. The most basic
of these (self-)representational levels consist of
sensorimotor processes, while the most elaborated
levels comprise conceptual and meta-representa-
tional processes [40, 41]. Consequently, we propose
that the notion of personality is understood not as
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a purely mental self, but as a supramodal repre-
sentational system with largely heterogeneous
functional and (self-)representational levels. This
corresponds with recent notions in psychology and
psychiatry, according to which personality can be
defined as a dynamic and organized set of charac-
teristics in a person that uniquely influences his or
her cognitions, motivations, and behaviors in vari-
ous situations [42].

This naturalistic notion of personality bears
several advantages: It does not assume an outdated
dualism between personal and non-personal brain
systems, but rather adopts a gradual continuum be-
tween very basic and more complex personal brain
systems that are interrelated by bottom-up and
top-down processing mechanisms. Likewise, it
does not assume an artificial dualism between sen-
sorimotor brain modules on the one side and cog-
nitive or emotional brain systems on the other, but
rather maintains a continuum where cognitive and
mood representations are complex representations
that largely build on more basic sensorimotor and
vegetative representations. In other words: person-
ality is understood as the complexity of a system in
which low-level sensory, motor or vegetative states
are important and are legitimate parts of it rather
than being neglected. Only by this perspective we
are able to understand recent findings from cogni-
tive neuroscience revealing that seemingly com-
plex, highly elaborated mental phenomena such as
the experience of agency [41, 43] or moral reason-
ing [44, 45] largely build on low-level sensorimotor
processes and emotional processes, rather than on
abstract conceptual and metarepresentational pro-
cessing. Based on this notion it would not make
sense to ask whether a personality is affected by a
certain neurotechnological intervention or not, but
‘on which level” and ‘to which extent’ it is affected.

Consequently, according to this conceptualiza-
tion, even DBS for movement disorders would af-
fect personality on different levels: on the one hand
by altering sensorimotor circuits (e.g., basal ganglia
processing), on the other hand by modifying non-
motor circuits connected to stimulation targets
(e.g., frontal and limbic circuits connected to the
subthalamic nucleus) [46]. Correspondingly, affec-
tion of higher cognitive processing levels has been
increasingly reported over the last few years [47].

In DBS for psychiatric indications modification
of personality is not an unwanted, coincidental side
effect of psychiatric DBS, but rather the main in-
tended outcome of the procedure — and not only via
modification of low-level sensorimotor levels, but
also directly via affection of conceptual and meta-
representational levels. If mood and cognitive be-
havior did not change in a patient with OCD or with
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MD in both its low-level sensorimotor/vegetative
and high-level conceptual and metarepresenta-
tional components in response to stimulation, DBS
could not be considered an effective treatment. In-
deed, both psychopharmacological and psy-
chotherapeutic interventions have exactly the
same goal in aiming to positively influence and
thereby alter aspects of personality such as mood
and cognition in psychiatric patients. Thus, the eth-
ically decisive question is not whether DBS alters
personality or not, but whether it does so in ‘a good
or bad way’ from the patient’s very own perspec-
tive.

4 Ethical criteria for psychiatric DBS

To obtain ethically coherent and clinically applica-
ble criteria for DBS in psychiatric diseases, there is
no need for specific criteria: the same criteria as for
DBS in movement disorders or as for any other bio-
medical intervention apply [48], i.e., DBS has to (i)
benefit the patient, (ii) do no harm to the patient,
and (iii) reflect his preferences and overall will.

4.1 Benefits of psychiatric DBS

To provide benefit to a patient, DBS has, first of all,
to be proved to be effective and, preferably, to be
more effective than both non-surgical measures
and ablative surgery. Although recent studies on
OCD or MD have clearly demonstrated effective-
ness of DBS in some patients resistant to pharma-
cotherapy and behavior therapy [13, 15, 16], 50-75%
of OCD [13, 14] and 25-50% of MD patients [15-17]
fail also to show a long-term response to DBS treat-
ment, and the individual prognostic predictors for
enduring therapy response still remain unclear.
Despite these caveats, psychiatric DBS is a target-
ed, hypothesis-guided and thus more effective ap-
proach than traditional treatment approaches, at
least for some well selected patients. Compared to
psychotropic drugs, it reversibly modulates only
specific dysfunctional brain networks known to
mediate mood and reward signals, but not wide-
spread neurochemical brain circuits, many of
which are unrelated to the pathophysiology of OCD
or MD [16]. This superior effectiveness is reflected
by the fact that DBS was the only treatment in the
psychiatric patients studied so far that was able to
reduce symptom levels of MD and OCD, respec-
tively, after many years of chronic disease and after
many different unsuccessful treatment attempts
using psychotherapy and psychopharmacology.

To provide an actual benefit to the individual
patients, however, DBS must not only be effective,
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i.e.,improve scores in OCD or MD rating scales, but
also demonstrate that these abstract improvements
indeed are associated with an actual improvement
of the individual patient’s abilities to achieve per-
sonally valuable goals, i.e., goals that are valuable
in light of his or her individual psychosocial situa-
tion and on the basis of his or her particular, indi-
vidual evaluative concept of a good life. This ethi-
cally highly important difference has been over-
looked for a long time in DBS for movement disor-
ders. Both research and clinical practice have
focused initially only on the motor outcome, but
have neglected quality of life independent of motor
function and, in particular, normative and psy-
chosocial factors that are easily missed with quan-
titative outcome parameters (e.g., with movement
scores or quality of life scores) [49, 50]. It is only
very recently that the question has been asked as
to whether improvement in motor behavior does
indeed lead to a relevant overall improvement
quality of life [51] or whether only certain sub-
groups receive an overall benefit from the motor
improvement (e.g., younger patients) [52]. Howev-
er, even if it was convincingly demonstrated that
motor, behavioral and disease-related quality of
life variables improve after DBS surgery (e.g., by
randomized controlled trials [5]), these measures
might still present invalid surrogate parameter for
the true benefit of DBS. As shown by a recent open
interview study, many PD patients are not happier
with their lives, go through tormented periods in
their marriages or fail to resume professional ac-
tivity after surgery — in spite of (or probably even
due to) clear improvement in some of these out-
come variables after DBS implantation [49]. Since
the contributory factors to these psychosocial mis-
adjustments do not seem to be specific to PD, it can
be expected that, after rapid symptom modification
in any chronic life-determining disease, similar
problems could occur, e.g., after DBS in OCD or MD.
Therefore, clinical studies should not only ask
whether DBS is effective, i.e., demonstrate im-
provement on OCD or depression scores, but also
whether it indeed allows the individual patient
with OCD or MD to live a more satisfying life in-
cluding the psychosocial dimension. Therefore,
quantitative measures have to cover not only func-
tional disease-related variables, but also psychoso-
cial and more global quality of life variables, and
need to be complemented with qualitative outcome
methodologies.

For several reasons it is more difficult to deter-
mine the likely benefit in psychiatric patients than
in movement disorder patients. First, studies with
randomized controlled crossover designs are still
rare and have studied outcomes in small number of
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patients only. Second, due to the fact that OCD and
MD are both disorders at the systems level, their
etiologies likely comprise various heterogeneous
biological and social factors and individual person-
ality dispositions, which are still only poorly un-
derstood and whose contribution varies largely in
different individual cases. This makes it difficult to
predict who will respond to DBS and who will not,
and how other individual cognitive and mood sub-
systems might be affected by stimulation. Third,
different OCD and MD subtypes are characterized
by different symptom clusters and it seems that, as
in PD, different symptoms are likely to respond dif-
ferently to DBS, depending on the stimulation tar-
get and the specific disease profile. For example,
DBS might affect emotional and cognitive compo-
nents of depression with different efficacy and
speed, thereby pointing to differences in the un-
derlying biology [15]. Along the same lines, there is
increasing evidence that certain symptom subtypes
may be mediated by different neural circuitries
that respond differently to different DBS sites and
DBS parameter settings [13].

4.2 Potential harms of DBS

DBS to different targets is associated with severe
short-term and long-term risks on both biological
and psychosocial levels. These include: intracere-
bral hemorrhages, dysarthria, worsening of apathy,
depression, cognitive impairments (e.g., in verbal
fluency, color naming, selective attention, and ver-
bal memory [47]), walking disturbances [53], sud-
den symptom reoccurrence and aggravation in case
of battery depletion (occurring as a function of pro-
grammed stimulation parameters, usually after
5-13 months in the case of higher stimulation cur-
rent amplitudes such as those required for OCD) or
of stimulation interruption, risking exacerbation of
depressive symptomatology [13]. Adverse short-
and long-term effects on a psychosocial level might
comprise psychosocial misadjustment, suicidal
tendency [54], severe disappointment and renewed
desperation in the case of non-responsiveness to
DBS [14].

While some of the neurological adverse effects
have only been reported with respect to STN-DBS
(e.g., dysarthria), other psychiatric impacts have
primarily been associated with DBS of the anterior
limb of the internal capsule and nucleus accum-
bens region (e.g., rapid mood elevation when DBS
begins or affective worsening when stimulation
was interrupted [13]). Nevertheless, one can ex-
trapolate many features of the known risk profile of
DBS for movement disorders to the rather poorly
known risks of DBS for psychiatric diseases. This is
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particularly the case as behavioral and psychiatric
side effects — harmful or beneficial — occur even in
targets that presumably represent movement dis-
order targets [54, 55] but in fact form a junction
where motor and non-motor functions are repre-
sented in a spatially very close area and are con-
nected via reciprocal loops (e.g., the subthalamic
nucleus [46]).

Thus, in line with the above-mentioned natura-
listic notion of personality, there is no strict di-
chotomy between “movement disorder targets” and
“psychiatric targets”, but a gradual continuum of
closely interacting representational and functional
levels. Since DBS of targets like the ventral ca-
pule/ventral striatum affects emotional and behav-
ioral loops gradually and more than subthalamic or
pallidal DBS, adverse mood and behavioral effects
like anxiety, depression or even severe panic (but
not necessarily cognitive impairments, [56]) might
be more likely to occur [13, 57], thus rendering ad-
verse psychiatric events the most expected risk of
DBS targeted to treat psychiatric disease. Impor-
tantly, however, future studies still have to prove
that this effect is not only due to the fact that psy-
chiatric symptoms are possibly better monitored
and captured given the psychiatric scope of psy-
chiatric DBS studies that use psychologically
trained staff and testing instruments that are gen-
erally not used in movement disorder DBS studies.

However, under the assumption that DBS would
be an efficacious treatment, one might do harm to
patients not only by performing DBS, but also by
not performing it. The chronic and partly even pro-
gressive course of treatment-refractory OCD or MD
implies a constant increase in psychological suffer-
ing, work disintegration, social withdrawal, and
partnership and family relation problems. Thus,
also not performing DBS in psychiatric patients
might one day posit specific, well-reasoned ethical
justifications. Moreover, all pharmacological and
psychotherapeutic treatments are associated with
significant adverse effects, e.g., agitation, sexual
side effects, sedation, sleep disturbances, and night
sweats in the case of depression treatment, often
leading to non-compliance [58]. These adverse
events have to be counterbalanced against the ben-
eficial effects of DBS. If, in the future, DBS proves
to be so superior in OCD and MD that especially
patients who have not been on medication for
longer time and whose social and physical life is
not yet devastated by disease might benefit more
from DBS, one will even be in the need to provide
good reasons why DBS is not performed ‘rather
early’ in the disease course. This scenario is still
highly hypothetical and seems provocative on first
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glance, but presents a lesson recently learned with
respect to DBS in PD [59-61].

4.3 Satisfying the psychiatric patient’s will

Personal value preferences based on one’s very in-
dividual concept of a good life are of special impor-
tance for both taking the decision to undergo a DBS
procedure in the first place and determining ade-
quacy of stimulation parameter adjustment in the
further course of treatment. For several reasons,
the capacity for autonomous decision-making and
especially value choices might be associated with
more and stronger confounds in psychiatric pa-
tients than in patients suffering from neurological
disorders. First, preferences are strongly influ-
enced by affective components, e.g., depression in
both MD and OCD patients (up to 80% of the OCD
patients undergoing DBS have comorbid DSM IV
MD [13, 14]). Second, desperation is high in chron-
ic, treatment-refractory and potentially deadly
mental disorders. This gives ground to overhasty
decisions in favor of DBS that potentially under-
value the facts that individual treatment response
to DBS is highly uncertain, that some adverse ef-
fects might be deadly or lead to severe disability
(e.g.,in the case of hemorrhage) and that long-term
cognitive, emotional and behavioral effects of psy-
chiatric DBS are still largely unknown. The high
desperation of treatment-resistant patients predis-
poses them in the case of non-responsiveness to
severe disappointment and to suicidal reactions
[14]. This complicates not only assessment of effi-
cacy, but also patient management in demanding
protocols and in the subsequent physician-patient
relationship. Third, since psychiatric side effects,
such as elevated mood or anxiety, might be more
likely in psychiatric DBS, patients’ preferences for
or against certain parameter settings might be di-
rectly induced by the stimulation per se, but not re-
flect their general value perspective, unaffected by
DBS treatment.

5 Ethical criteria for enhancement DBS
in healthy subjects

The findings that DBS can alleviate anhedonia [16]
or enhance memory function [22] plus the experi-
ence that patients can selectively choose stimula-
tion parameters depending on how they want to
feel, e.g., calm for every day or more “revved up” for
a party [62], open up a completely new application
of DBS in the future. It could possibly be used not
only for ameliorating psychiatric disease states, but
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also for enhancing mood and cognition in healthy

subjects.

Traditionally, the ethics of “enhancement appli-
cations” of neurotechnologies have been ques-
tioned arguing that it is only justified to use a cer-
tain technology for therapy, but not for enhance-
ment; or only for mental disease states, but not for
healthy states; or only for mental states that func-
tion below certain statistic or biofunctional stan-
dards of normality, but not for normal or above-
normal states. However, like the concept of person-
ality, the concepts of enhancement/treatment, dis-
ease or normality are also not helpful for finding
normative orientation but rather hamper than al-
low targeted discussion and decision-making (for a
more detailed analysis see [63]):

— The treatment/neuroenhancement distinction
is not helpful in that this conceptual distinction
is not analytically disjunctive: Since, in princi-
ple, every treatment aims at enhancing a certain
state and is in fact legitimated only by the as-
sumption that it will somehow improve a pa-
tient’s quality of life, every treatment presents a
certain form of enhancement [64]. Moreover, we
do not ethically disregard enhancement meas-
ures in most other domains of our everyday life,
but rather accept the use of cognition enhancing
substances like coffee or wine or the use of cog-
nition or mood enhancing behaviors like theater
visits, school education or sun bathing. Common
academic and public hypocrisy needs to be dis-
carded: “We all like to moralize about enhance-
ment technologies, except for the ones we use
ourselves. [...] There is often a striking contrast
between private conversation about enhance-
ment technologies and the broader public dis-
cussion.” [64], p. 297). Thus, the real question is
not ‘whether’ enhancement should be legitimat-
ed or not, but ‘under which circumstances’.

— The concept of disease is not helpful in that
what we call a disease state (i) depends highly
on an individual’s subjective experiences, pref-
erences, societal role expectations, social sup-
port and socio-cultural values, (ii) eludes gener-
al interpersonal and theoretical consensus, and
(iil) cannot be determined with sufficient clari-
ty with respect to those states which are in ques-
tion with respect to the enhancement debate.
When should we, for example, consider flight
phobia, premenstrual dysphoria or progressive
memory disturbances or attention deficits as a
“disease state”? And, in fact, if somebody suffers
from his mood or memory disturbances and
wants to get rid of it, why should he care at all
whether his mental state falls under a general
concept of disease or not?

© 2008 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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— The concept of normality is not helpful in that it
is difficult to agree on what the reference and
reference class should be without requiring an
endless number of extremely fine-grained ref-
erence classes and without making (implicit or
explicit) normative assumptions. Should we
normalize, e.g., by age, by race, by socioeconom-
ic background, by an individual’s previous men-
tal state or by a certain combination of these
variables? Even if it was possible to establish
certain reference classes, for example by age,
how then can we find consensus about how to
determine the normal range of a certain mental
function? For example, to what extent do happi-
ness, creativity or spirituality typically prevail?
[65]. But even if it were possible to determine a
normal range of a certain mental function, e.g.,
by large epidemiological studies, the main prob-
lem still remains: normative implications do not
necessarily follow from statistical normality, but
have to be differentiated from each other. This
can be demonstrated by a double dissociation:
There are statistically normal states of mental
functioning that assume disease value and that
might be legitimately treated (e.g., decreasing
memory capacities or executive functioning in
aged people) as well as statistically abnormal
states that do not assume any disease value and
that should normally not be treated (e.g., high
intelligence, absolute pitch, reduced intelli-
gence in a supportive social environment) (for a
more detailed analysis see [63]).

Again, as a more productive alternative, the
common and widely accepted bioethical criteria of
beneficence, non-maleficence and autonomy allow
a clinically applicable, highly differentiated con-
text- and case-sensitive approach. However, these
criteria reveal that, although not being intrinsical-
ly unethical, DBS is not yet ripe for enhancement
purposes:

— There are no systematic studies on enhancing
effects of DBS on mood or cognition in healty
subjects, leaving the criterion of evidence-based
effectiveness — not to mention the criterion of
benefit — unfulfilled.

— The afore-mentioned risks of harm receive
much more weight in an enhancement applica-
tion than in a disease application since it is less
likely that they will be outweighed by the likely
benefit: A person suffering from a disease like
treatment-resistant MD is much more likely to
receive a positive net benefit from an interven-
tion than a person who suffers only from some
form of melancholy or dysphoria. And, in turn,
the risks of side effects like dysarthria or minor
hemorrhage will seem much less acceptable for
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a mentally intact person than for a person suf-
fering from a severely impaired mental state.
Moreover, depending on the stimulation site,
DBS might even foil some of the expected en-
hancement effects, e.g., by increasing rather
than decreasing impulsivity [55] or by facilitat-
ing rather impeding weight gain [66].

6 Conclusions

Although application of DBS is not intrinsically un-
ethical — not even if applied for the purpose of neu-
roenhancement — each application needs a de-
tailed, case-specific ethical analysis based on the
criteria of beneficence, harm and autonomy. Even
DBS for movement disorders does not sometimes
meet these criteria completely: true individual ben-
efit (rather than mere effectiveness with respect to
motor improvement) is often not documented well
enough, harms like psychosocial misadjustments
and long-term cognitive deficits are still insuffi-
ciently investigated, and autonomy might be con-
founded by one-sided information about benefit
and risks of harm presented on “patient informa-
tion days”. In particular, current attempts to use
DBS for treating complex neurocognitive disorders
with manifold cortical and subcortical neurodegen-
eration such as Alzheimer’s dementia [26] seem to
need a much more thorough ethical assessment.
DBS for psychiatric indications poses even more
ethical challenges with respect to the three ethical
criteria, illustrating that the time is not quite ripe
yet for wide-spread clinical application in these in-
dications — not only due to the current lack of sci-
entific data, but also due to currently unmet ethical
requirements. But once these requirements are
met, it might become a truly revolutionary treat-
ment modality for psychiatric patients resistant to
traditional methods — and thus a relief for humans
afflicted with the most disabling disorders known
to humanity.

We thank three anonymous reviewers for their valu-
able comments and the “European Platform for Life
Sciences, Mind Sciences, and the Humanities” spon-
sored by the Volkswagen Stiftung for their financial
support.

The authors have declared no conflict of interest.

8 © 2008 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

[1]
[2]
[3]
[4]
[5]

[6]
[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Biotechnol. J. 2008, 3

References

McGee, E. M., Maguire, G. Q., Implantable brain chips: Eth-
ical and policy issues. Med. Ethics 2001, 1-2, 8.

Greenfield, S. A., Biotechnology, the brain and the future.
Trends Biotechnol. 2005, 23, 34-41.

Hoag, H., Remote control. Nature 2003, 423, 796-798.
Clausen, J., Ethical aspects of brain-computer interfacing in
neuronal motor prostheses. Int. Rev. Inform. Ethics 2006, 5,
25-32.

Deuschl, G., Schade-Brittinger, C., Krack, P, Volkmann, J. et
al., A randomized trial of deep-brain stimulation for Parkin-
son’s disease. N. Engl. J. Med. 2006, 355, 896-908.
Perlmutter, J. S., Mink, J. W, Deep brain stimulation. Annu.
Rev. Neurosci. 2006.

Kupsch, A., Benecke, R., Muller, J., Trottenberg, T. et al., Pal-
lidal deep-brain stimulation in primary generalized or seg-
mental dystonia. N. Engl. J. Med. 2006, 355, 1978-1990.
Wishart, H. A., Roberts, D. W.,, Roth, R. M., McDonald, B. C. et
al., Chronic deep brain stimulation for the treatment of
tremor in multiple sclerosis: Review and case reports. J.
Neurol. Neurosurg. Psychiatry 2003, 74, 1392-1397.
Franzini, A., Ferroli, P, Leone, M., Broggi, G., Stimulation of
the posterior hypothalamus for treatment of chronic in-
tractable cluster headaches: First reported series. Neuro-
surgery 2003, 52, 1095-1099; discussion 1099-1101.
Yamamoto, T., Kobayashi, K., Kasai, M., Oshima, H. et al.,
DBS therapy for the vegetative state and minimally con-
scious state. Acta Neurochir. Suppl. 2005, 93, 101-104.
Schiff, N. D., Giacino, J. T., Kalmar, K., Victor, J. D. et al., Be-
havioural improvements with thalamic stimulation after se-
vere traumatic brain injury. Nature 2007, 448, 600-603.
Nuttin, B. J,, Gabriels, L. A., Cosyns, P. R., Meyerson, B. A. et
al., Long-term electrical capsular stimulation in patients
with obsessive-compulsive disorder. Neurosurgery 2003, 52,
1263-1272; discussion 1272-1264.

Greenberg, B. D.,, Malone, D. A,, Friehs, G. M., Rezai, A. R. et
al., Three-year outcomes in deep brain stimulation for high-
ly resistant obsessive-compulsive disorder. Neuropsy-
chopharmacology 2006, 31, 2384-2393.

Abelson, J. L., Curtis, G. C., Sagher, O., Albucher, R. C. et al.,
Deep brain stimulation for refractory obsessive-compulsive
disorder. Biol. Psychiatry 2005, 57, 510-516.

Mayberg, H. S., Lozano, A. M., Voon, V., McNeely, H. E. et al.,
Deep brain stimulation for treatment-resistant depression.
Neuron 2005, 45, 651-660.

Schlaepfer, T. E., Cohen, M. X, Frick, C., Kosel, M. et al., Deep
brain stimulation to reward circuitry alleviates anhedonia
in refractory major depression. Neuropsychopharmacology
2008, 33, 368-377.

Malone, D. A. Jr., Dougherty, D. D., Rezai, A. R., Carpenter, L.
L. et al.,, Deep brain stimulation of the ventral capsule/ven-
tral striatum for treatment-resistant depression. Biol. Psy-
chiatry 2008.&block;update&Dblock;

Lozano, A. M., Mayberg, H. S., Giacobbe, P, Hamani, C. et al.,
Subcallosal cingulate gyrus deep brain stimulation for
treatment-resistant depression. Biol. Psychiatry 2008, 64,
461-467.

Flaherty, A. W.,, Williams, Z. M., Amirnovin, R., Kasper, E. et
al., Deep brain stimulation of the anterior internal capsule
for the treatment of Tourette syndrome: Technical case re-
port. Neurosurgery 2005, 57, E403; discussion E403.



BT) 12/08 | TD | DOI 10.1002/biot.200800187

Biotechnol. ). 2008, 3

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]
[28]
[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]
[37]

[38]

[391

[40]

Houeto, J. L., Karachi, C., Mallet, L., Pillon, B. et al., Tourette’s
syndrome and deep brain stimulation. J. Neurol. Neurosurg.
Psychiatry 2005, 76, 992-995.

Sani, S, Jobe, K., Smith, A., Kordower, J. H., Bakay, R.A., Deep
brain stimulation for treatment of obesity in rats. J. Neuro-
surg. 2007, 107, 809-813.

Hamani, C., McAndrews, M. P, Cohn, M., Oh, M. et al., Mem-
ory enhancement induced by hypothalamic/fornix deep
brain stimulation. Ann. Neurol. 2008, 63, 119-123.

Franzini, A., Marras, C., Ferroli, P, Bugiani, O., Broggi, G.,
Stimulation of the posterior hypothalamus for medically in-
tractable impulsive and violent behavior. Stereotact. Funct.
Neurosurg. 2005, 83, 63-66.

Okun, M. S., Bowers, D., Springer, U., Shapira, N. A. et al.,
What's in a “smile-" Intra-operative observations of con-
tralateral smiles induced by deep brain stimulation. Neuro-
case 2004, 10, 271-279.

Okun, M. S., Mann, G., Foote, K. D., Shapira, N. A. et al., Deep
brain stimulation in the internal capsule and nucleus ac-
cumbens region: Responses observed during active and
sham programming. J. Neurol. Neurosurg. Psychiatry 2007,
78,310-314.

Hurley, D., Deep brain stimulation is used to suppress ap-
petite in obese man N And his memory improves. Neurol.
Today 2008, 8, 11-12

Ford, P. J., Neurosurgical implants: Clinical protocol consid-
erations. Camb. Q. Healthc Ethics 2007, 16, 308-311.

Fins, J.J., Aleg to stand on: Sir William Osler and Wilder Pen-
field's “neuroethics”. Am. J. Bioeth. 2008, 8, 37-46.

Kubu, C. S, Ford, P. J., Ethics in the clinical application of
neural implants. Camb. Q. Healthc Ethics 2007, 16, 317-321.
Heller, A. C., Amar, A. P, Liu, C.Y.,, Apuzzo, M. L., Surgery of
the mind and mood: A mosaic of issues in time and evolu-
tion. Neurosurgery 2006, 59, 720-733; discussion 733-729.
Fins, J. J., From psychosurgery to neuromodulation and pal-
liation: History’s lessons for the ethical conduct and regula-
tion of neuropsychiatric research. Neurosurg. Clin. N. Am.
2003, 14, 303-319, ix—x.

GroB, D., Von der Topektomie zur modernen Stereotaxie:
Die Geschichte psychochirurgischer Interventionen, in:
Gro8, D., Miller, S. (Eds.), Sind die Gedanken frei— Die Neu-
rowissenschaften in Geschichte und Gegenwart, Medizinisch
Wissenschaftliche Verlagsgesellschaft, Berlin 2007.
Valenstein, E., Great and Desperate Cures. The Rise and De-
cline of Psychosurgery and Other Radical Treatments for
Mental Iliness, Basic Books, New York 1986.

Board of Control, His Majesty’s Stationery Office, Prefrontal
Leucotomy in 1000 cases, London 1947.

Haddenbrock, S., Radikaloperation durch Defrontalisation—
Theoretisches und Kritisches zur prafrontalen Leukotomie
(Moniz). Med. Klin. 1949, 44, 69-74.

Fuchs, T, Ethical issues in neuroscience. Curr. Opin. Psychi-
atry 2006, 19, 600-607.

Abbott, A., Neuroscience: Deep in thought. Nature 2005, 436,
18-19.

Hildt, E., Electrodes in the brain: Some anthropological and
ethical aspects of deep brain stimulation. Int. Rev. Inform.
Ethics 2006, 5, 33-39.

Ford, P. J., Kubu, C. S, Stimulating debate: Ethics in a multi-
disciplinary functional neurosurgery committee. J. Med.
Ethics 2006, 32, 106-109.

Newen, A., Vogeley, K., Self-representation: Searching for a
neural signature of self-consciousness. Conscious Cogn.
2003, 12, 529-543.

© 2008 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

www.biotechnology-journal.com

Dr. Matthis Synofzik, M.A., works as a
physician and research fellow at the
Department of Neurodegenerative Dis-
eases, Hertie-Institute for Clinical Brain
Research, Tubingen/Germany. After
having received a training in both medi-
cine and philosophy, he finished his

MD thesis within the field of Cognitive
Neuroscience on sensorimotor learn-

ing in cerebellar and schizophrenia pa-

tients. His current clinical and research activities are focused on

movement disorders and neurodegenerative diseases, but also on

ethics in neuroscience and in end-of-life decision making. He has pub-

lished widely in the fields of cognitive neuroscience, neurogenetics,

neurophilosophy and medical ethics.

[41]

[42]

[43]

[44]

[45]
[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

Synofzik, M., Vosgerau, G., Newen, A., I move, therefore I am:
A new theoretical framework to investigate agency and
ownership. Conscious Cogn. 2008, 17, 411-424.

Ryckman, R., Theories of Personality, Cengage Learning/
‘Wadsworth, Belmont 2008.

Synofzik, M., Vosgerau, G., Newen, A., Beyond the compara-
tor model: A multifactorial two-step account of agency. Con-
scious Cogn. 2008, 17, 219-239.

Haidt, J., The emotional dog and its rational tail: A social in-
tuitionist approach to moral judgment. Psychol. Rev. 2001,
108, 814-834.

Greene, J. D., Haidt, J., How (and where) does moral judg-
ment work— Trends Cogn. Sci. 2002, 6, 517-523.

Yelnik, J., Functional anatomy of the basal ganglia. Mov. Dis-
ord. 2002, 17 Suppl. 3, S15-21.

Smeding, H. M., Speelman, J. D., Koning-Haanstra, M., Schu-
urman, P. R. et al., Neuropsychological effects of bilateral
STN stimulation in Parkinson disease: A controlled study.
Neurology 2006, 66, 1830-1836.

Beauchamp, T., Childress, J., Principles of Biomedical Ethics,
Oxford University Press, New York 2008.

Schupbach, M., Gargiulo, M., Welter, M. L., Mallet, L. et al.,
Neurosurgery in Parkinson disease: A distressed mind in a
repaired body- Neurology 2006, 66, 1811-1816.

Agid, Y., Schupbach, M., Gargiulo, M., Mallet, L. et al., Neu-
rosurgery in Parkinson’s disease: The doctor is happy, the
patient less so—J. Neural. Transm. Suppl. 2006, 409-414.
Drapier, S., Raoul, S., Drapier, D., Leray, E. et al., Only phys-
ical aspects of quality of life are significantly improved by
bilateral subthalamic stimulation in Parkinson’s disease. J.
Neurol. 2005, 252, 583-588.

Derost, P. P, Ouchchane, L., Morand, D., Ulla, M. et al., Is
DBS-STN appropriate to treat severe Parkinson disease in
an elderly population— Neurology 2007, 68, 1345-1355.
Kenney, C., Simpson, R., Hunter, C., Ondo, W. et al., Short-
term and long-term safety of deep brain stimulation in the
treatment of movement disorders. J. Neurosurg. 2007, 106,
621-625.



BT) 12/08 | TD | DOI 10.1002/biot.200800187

Biotechnology

[54]

[55]

[56]

[57]

[58]

[591

[60]

10

Journal

Appleby, B.S., Duggan, P. S., Regenberg, A., Rabins, P.V,, Psy-
chiatric and neuropsychiatric adverse events associated
with deep brain stimulation: A meta-analysis of ten years’
experience. Mov. Disord. 2007, 22, 1722-1728.

Frank, M. ], Samanta, J.,, Moustafa, A. A., Sherman, S.J., Hold
your horses: Impulsivity, deep brain stimulation, and med-
ication in parkinsonism. Science 2007, 318, 1309-1312.
McNeely, H. E., Mayberg, H. S., Lozano, A. M., Kennedy, S. H.,
Neuropsychological impact of Cg25 deep brain stimulation
for treatment-resistant depression: Preliminary results
over 12 months. J. Nerv. Ment. Dis. 2008, 196, 405-410.
Shapira, N. A., Okun, M. S., Wint, D., Foote, K. D. et al., Panic
and fear induced by deep brain stimulation. J. Neurol. Neu-
rosurg. Psychiatry 2006, 77, 410-412.

Keller, M. B, Hirschfeld, R. M., Demyttenaere, K., Baldwin,
D. S., Optimizing outcomes in depression: Focus on antide-
pressant compliance. Int. Clin. Psychopharmacol. 2002, 17,
265-271.

Mesnage, V., Houeto, J. L., Welter, M. L., Agid, Y. et al., Parkin-
son’s disease: Neurosurgery at an earlier stage— J. Neurol.
Neurosurg. Psychiatry 2002, 73, 778-779.

Welter, M. L., Houeto, J. L., Tezenas du Montcel, S., Mesnage,
V. et al., Clinical predictive factors of subthalamic stimula-
tion in Parkinson'’s disease. Brain 2002, 125, 575-583.

© 2008 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

[61]

[62]

[63]

[64]

[65]

[66]

Biotechnol. J. 2008, 3

Schupbach, W. M., Maltete, D., Houeto, J. L., du Montcel, S. T.
et al., Neurosurgery at an earlier stage of Parkinson disease:
A randomized, controlled trial. Neurology 2007, 68, 267-271.
Russo, F, How to change a personality. Time Magazine,
Thursday, Jan. 18, 2007, accessible at: http://www.time.com/
time/magazine/article/0,9171,1580389,00.html; accessed at
August 20, 2008.

Synofzik, M., Ethically justified, clinically applicable criteria
for physician decision-making in psychopharmacological
enhancement. Neuroethics 2009, in press.

Elliott, C., Better than Well: American Medicine meets the
American Dream, Norton, New York 2003.

Juengst, E. T., What does enhancement mean-, in: Parens, E.
(Ed.), Enhancing Human Traits. Ethical And Social Implica-
tions, Georgetown University Press, Washington 1998, pp.
29-47.

Montaurier, C., Morio, B., Bannier, S., Derost, P. et al., Mech-
anisms of body weight gain in patients with Parkinson’s dis-
ease after subthalamic stimulation. Brain 2007, 130, 1808—
1818.



