
Chapter 11
Nano-bionic Devices for the Purpose
of Cognitive Enhancement: Toward
a Preliminary Ethical Framework

Frédéric Gilbert

Abstract This chapter examines the emerging ethical challenges raised by
implementation of nanotechnology in brain devices for enhancement purposes
in subjects with healthy brains. This chapter will proceed in five steps. The first
section introduces brain implants and discusses how their status may be changed by
nanotechnologies for enhancement purposes. The second section explores whether
the ethics of nano-bionic devices for cognitive enhancement purposes in healthy,
informed subjects might be helped by referring to the treatment-enhancement
distinction. Such a distinction could serve to illuminate guidelines and policies. The
third section examines whether the designs for nano-bionic devices for cognitive
enhancement raise a number of intrinsically new ethical problems if applied to
healthy subjects. The fourth section looks at whether nano-bionic devices used for
the purpose of enhancement introduce novel ethical difficulties to the informed
consent of healthy and free subjects. The fifth section sketches the preliminary
ethics that have to be established before a healthy individual could undergo an
informed consent process for invasive nano-bionics brain intervention.

Keywords Cognitive enhancement • Nanotechnology • Brain implants •
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11.1 Introduction

In recent years, treatments using brain devices have attracted great interest in the
medical community, not only for their effectiveness in terms of treatment, but also
for their potential future applications. In the near future, developments in medical
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nanotechnologies have the potential to make these brain device technologies less
invasive and more localized, less costly and more reliable. These possibilities will
play major roles in the performance of the implants while expanding the safety and
the range of applications (Andrews 2009). With these great hopes for nano-bionic
devices, designed for the brain, come various ethical challenges (Berger et al. 2008).

Human brain implants can be described as surgically invasive devices. They
are commonly used for the following treatments: to remediate various symptoms
of innate or acquired loss of sensory functions (e.g. cochlear implants, retinal
implants) (Andrews 2009); to restore movement in cases of paralysis (e.g. motor
neuroprosthetics) (Kennedy and Bakay 1998; Hochberg et al. 2006); and to
treat neuronal diseases (e.g. Deep Brain Stimulation implants). According to
MEDTRONIC, the largest manufacturer of Deep Brain Stimulation devices,
since 1995 over 80,000 people worldwide have been treated with their brain
implants (Medtronic 2011). Additionally, as of 2009, approximately 188,000 people
worldwide have received cochlear implants according to the U.S. Food and Drug
Administration (Davis 2009).

Deep Brain Stimulation (DBS) implants are versatile and can be applied to
many types of neurological dysfunction. The current applications of DBS treatments
have targeted Parkinson’s symptoms, such as tremor, rigidity, stiffness, slowed
movement, or even walking problems. Others DBS applications include treatment
for diseases, such as dystonia, cluster headaches, minimally conscious state, and
phantom limb pain (Clausen 2010). The technique consists of implanting a battery-
operated neuromedical device that delivers an electrical stimulation to a specific area
of the patient’s brain. DBS technologies have also been used to treat psychiatric
conditions (most of them are still in the experimental phase), such as severe
depression, obsessive-compulsive disorder, Tourette’s syndrome, obesity, epilepsy,
Alzheimer’s disease, impulsive and aggressive behavior and addiction (Franzini
et al. 2005; Kuhn et al. 2007; Heinze et al. 2009; Clausen 2010).

In terms of enhancements, Hamani et al. (2008) and Adrian et al. (2010) have
reported serendipitous correlations between DBS and cognition (e.g. memory),
while Berney et al. (2002) and Houeto et al. (2002) have observed positive mood
modification (e.g. decrease in major depressive tendencies). In addition, Tsai et al.
(2010) and Haq et al. (2010) reported functionality enhancements (i.e. increased
libido). These discoveries have sparked great interest and speculation, especially
with regard to future nanomedicine implementations.

Researchers are currently developing a set of new generation brain implants that
use nanomaterials. A nanometer is one-billionth of a meter. The rapid expansion of
nanomaterial for use in brain implants holds great promise. For example, biosensors,
which are used for targeted drug delivery and as platforms for neural cell growth
(Lee and Parpura 2009). Researchers at the Australian Center of Excellence in
Electromaterial Science (ACES) have already engineered biodegradable polymers
such as cortex drug delivery to treat epilepsy in rodents (Wilz et al. 2008; Halliday
and Cook 2009). Moreover, members of ACES are also involved in the world’s
first-in-human trial using an “intelligent brain implant” with a seizure warning for
epileptic patients. The brain implant can predict when an epileptic seizure will
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occur (Snyder et al. 2008; NeuroVista 2011) and issue an alert. Current research
at ACES involves the development of brain implants that can detect and deliver
drugs for use in humans. These current applications allow us to consider seriously
the expansion of applications of these devices to other neural diseases. It is quite
possible to imagine, in the near future, the use of biodegradable polymers for cortex
drug delivery associated with an intelligent brain device to treat various neuronal
diseases or an intelligent brain implant that can predict and send warnings for
other neuronal dysfunctions, such as the imminent onset of an aggressive phase,
manic phase, addictive rush, etc. These future applications are still speculative;
nonetheless, it is important to develop an ethical framework around such future
development given that such treatment could directly affect how healthy individuals
improve their well-being (Gilbert et al. 2012).

According to the constitution of the World Health Organization (1946), “health
is a state of complete physical, mental and social well-being and not merely
the absence of disease or infirmity.” The constitution adds that “the enjoyment
of the highest attainable standard of health is one of the fundamental rights of
every human.” What if the use of nano-bionic devices could achieve the highest
attainable physical, mental and social well-being? In others terms, what if one
day, versatile brain implants using nanomaterials were not strictly reserved for
treating patients with neurodegenerative diseases and psychiatric conditions? Given
this possible extension of the uses of nano-bionic devices, it behooves us to ask:
Is there something intrinsically unethical about using these devices for cognitive
enhancement purposes in healthy, fully informed, free, consenting subjects? Why
would nanotechnologically-based, human enhancement be morally impermissible
if it respects the individual’s right to choose for her own physical integrity?

11.2 Much Ado About Nothing?

What is enhancement? For its proponents, enhancement is merely a form of
treatment which could help people be better rather than well. From a scientific
point of view, it is not clear if any significant enhancement effects exist in healthy
subjects (Repantis et al. 2008). To this unknown, there is an emerging literature
that highlights the “exaggeration” regarding the use of cognitive enhancement
(Partridge et al. 2011), exaggeration that has encouraged speculative assumptions
that reduce ethics to approximate debate (Gilbert 2011). That being said, this section
examines whether the ethics of nano-bionic devices for the purpose of cognitive
enhancement in healthy, informed subjects might be helped by referring to the
treatment-enhancement distinction, which could then serve to establish guidelines
and policies for the legitimate use of such devices.

There are difficulties in precisely defining a distinction between enhancement
and treatment with respect to nano-bionic devices. On one hand, the use of the
concept of treatment is universally associated with ethical values: treatments are
intended to restore health or to prevent sickness. On the other hand, enhancement
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is a polysemic concept that has numerous uses in academic literature that are
not necessarily associated with ethics. When the notion of enhancement is used
in philosophy, ethical values feature prominently. For instance, transhumanism,
a group of futurist philosophical theories, regards enhancement as “one of
the most important and challenging issues of the new century” (Bostrom and
Savulescu 2009); other schools of thought point out that, “the challenges of human
enhancement” make it important to think about how research is conducted (Juengst
et al. 2003). However, when enhancement is used in science, the concept refers
to any amelioration of a state without reference to ethical value. This use can
be illustrated by random academic examples such as “adenovirus enhancement”
(Curiel et al. 1991); “enhancement of transfection efficiency of naked plasmid
DNA in skeletal muscle” (Taniyama et al. 2002); “enhancement of secreted
phosphoprotein” (Noda et al. 1990), etc. Under these scientific descriptions, the
notion of enhancement does not involve any ethical value.

The use of the concept of enhancement in the above scientific examples is
restricted to biomedical mechanisms. However, it has to be remembered that even in
these restricted senses, ethical questions arise. For instance, if science has focused
on enhancing one’s genes that contribute to memory in particular, then, at the
same time, science has also enhanced one’s memory overall. The former use of
“gene enhancement” may seem to have little ethical value, but the latter “memory
enhancement” does raise questions of ethical value.

This analysis helps us to see that the treatment-enhancement distinction might be
difficult to uphold (Harris 2007). However, one could still defend a traditional way
of preserving the distinction by arguing that medicine should be limited to treatment
and should not engage in enhancement. How strong is this position?

It is not a controversial claim to affirm that every treatment aims to enhance
a certain state. It is the case that all treatments are legitimated only by the
assumption that they are likely to improve a patient’s quality of life. So, every
treatment constitutes a form of enhancement somehow (Elliott 2003). To be sure,
if a convincing line is drawn between the treatment (medical treatment to restore or
preserve a patient’s quality of life) and the enhancement of otherwise normal traits
(clearly to improve normal functioning), this line would not coincide with what
medicine is morally obliged to do or not do (Daniels 2000). Since treatment involves
a form of enhancement, what would be ethically permissible versus impermissible
may not be allowed by what exactly constitutes cognitive enhancement or treatment
in terms of nano-bionic devices. To speak about the distinction between treatment
versus enhancement is neither necessary nor helpful in order to find the appropriate
ethical framework for the use of nano-bionic devices in healthy, informed and
consenting subjects.

What really matters in ethics is not the question of whether every treatment
is a form of enhancement, but rather, whether every enhancement is a form of
treatment. A closer look at the universal argument, “every treatment presents a
form of enhancement” (Synofzik 2009), reveals a major logical conflation. In fact,
the argument is not sufficient to conclude anything about enhancement versus
treatment since it does not necessarily imply that “all enhancement presents a form
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of treatment.” It is a logical conflation to derive the second proposition from the first.
In fact, if “every treatment presents a form of enhancement,” an argument such as,
“some enhancements are not a form of treatment,” is sufficient to demonstrate the
logical fallacy of “every treatment presents a form of enhancement.” For instance,
somatropin (human growth hormone), used in sports, is not a form of treatment; it is,
rather, only a form of enhancement.1 From this proposition, it is possible to conclude
that if not every enhancement is a form of treatment, then not every treatment is a
form of enhancement. In other words, some nano-bionic device treatments could be
presented as a form of enhancement but not all. The same conclusion is applicable
for nano-bionic devices for cognitive enhancements purposes: some of them may be
presented as forms of treatment but not all. This criticism of the argument does not
modify our previous point concerning enhancement of healthy, informed subjects.
The distinction between treatment-enhancement is not necessary. This distinction
does not help to develop an ethical framework for nano-bionic devices, which could
serve to steer guidelines and policies for their legitimate use in healthy individuals.
The next section will examine whether nano-bionic devices raise new ethical issues.

11.3 Novel Ethical Issue?

Long before Drexler’s 1986 book, Engines of Creation: The Coming Era of
Nanotechnology (Drexler 1986), which anticipates the use of precise molecular
assembly for a wide variety of applications in order to increase the quality of human
life, meliorating the human condition through advances in technology had been
debated. The debate can, in part, be traced back to the Enlightenment. Already, in
1795, Condorcet, in his “Outlines of an historical view of the progress of the human
mind,” asked whether the “human race should be meliorated by new discoveries in
the sciences” within “the improvement of the instruments which increase the power
and direct exercise of [moral, intellectual and physical] faculties.”2 Condorcet’s
question followed his assumption:

No bounds have been fixed to the improvement of the human faculties; that the perfectibility
of man is absolutely indefinite; that the progress of this perfectibility, henceforth above the
control of every power that would impede it, has no other limit than the duration of the
globe upon which nature has placed us. (de Condorcet 1795)

1I assume that enhancers have an enhancement effect in any body (i.e. a healthy body and a sick
body). For instance, growth hormones affect any body, not only a body with disease. However, not
all treatment will have an enhancement effect (i.e. a healthy body and a sick body). For example,
could a treatment with radiation or a treatment for influenza enhance a healthy body?
2“L’espèce humaine doit-elle s’améliorer, soit par de nouvelles découvertes dans les sciences
[ : : : ]; soit enfin par le perfectionnement réel des facultés intellectuelles, morales et physiques,
qui peut être également la suite, ou de celui des instruments qui augmentent l’intensité et dirigent
l’emploi de ces facultés” (Condorcet 2004: 430).
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This exerpt from Condorcet illustrates that modern ideas of using advances in
technology for the purposes of enhancement, whether it be to enhance physical and
cognitive capacities, to enhance moods or to extend human life spans, can be seen as
a continuation of the enlightenment project (Hughes 2010) and not as a new proposal
of the futuristic transhumanist agenda (Bostrom 1998). Enhancement is not unique
to our epoch (Gilbert and Baertschi 2011), and given this observation, one could ask
whether the ethics of nanotechnology in general, (Lenk and Biller-Andorno 2007;
Alpert 2008; Ferrari and Nordmann 2010) and of nano-bionic device technology in
particular, could bring something intrinsically novel to the debate?

What might be perceived as novel is that as the enhancement capacity increases
with nano-bionic implants, neuroscience might become less interested in what
brains are, and more interested in what neuroscience can make brains become. This
distinction between a pre-enhanced brain (the “given” of what brains are) and what
a brain is “made to be” through nano-enhancement implies that the brain can be
changed or modified. As nanotechnology becomes more integrated with the brain,
the idea arises that a nano implant might change the brain’s intrinsic functionality.
Supposedly, the kinds of changes available through nano-bionic implants will not be
concerned with what brains are being changed from, but rather with what brains are
being changed to – perhaps because of their paradoxical magnitude and subtlety all
at once. A potential ethical novelty could result in practicing science in the interests
of change rather than preserving brain functionalities (Glover 1984). However, this
speculative view has it limits. Indeed, what makes nano-bionic devices any different
from other brain enhancers (i.e. pharmaceutical, genetic, electrical, etc.) for making
neuroscience more future-oriented than it has been to date? Such an orientation is
not exclusive to nanomedicine.

Questioning the intrinsic novelty of nano-bionic devices forces us to ask whether
they bring something unique to the relation between a preoperative person and
a postoperative person. In others words, do nano-bionic devices shed any new
light on the reasons why a person who is seeking nano-bionic enhancement must
be concerned with the postoperative person who she could become? On a first
approximation, it appears that at the moment of consent, the person who is seeking
nano-bionic cognitive enhancement must care about the post-operative person’s life
as much as with any other invasive brain intervention. These ethical issues that
arise from nano-bionic devices are not categorically distinct from those arising from
earlier generations of brain implants. For instance, a person receiving DBS has to
pass through a process of consent; this process raises similar ethical issues regarding
personality alteration (Gilbert 2012; 2013). In general terms, nano-bionic devices
are not unique in that matter. Nano-bionic devices do not seem to intrinsically
impose new disproportionate burdens on the postoperative person for the sake of
the person consenting to enhance herself. Like other cases of invasive intervention,
nano-bionic devices do not exclusively concern the preoperative challenges regard-
ing cognitive enhancement, but rather the potential postoperative issues, such as
personality changes, which could occur after the intervention. Although not novel,
it needs to be mentioned that this risk of damaging the physical and psychological
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integrity of the postoperative person might be morally wrong to ignore; at least the
risk ought not to be ignored because of some laissez faire policies. Seeking nano-
bionic cognitive enhancement requires any patient to be fully informed of the risks
involved before, during and after the intervention, but such intervention does not
raise any fundamentally new ethical question.

Also, if there is a genuine ethical problem associated with the use of nano-bionic
devices for enhancement capacities in healthy subjects, it is not on account of the
risks of transformation of personal identity. Indeed, it would be a philosophical
blunder to believe that the risks of upsetting personal identity through nano-bionic
devices are categorically different from those achieved through pharmacological
enhancements (or other forms of enhancers). Concerns that nano-bionic technology
may threaten personal integrity are sometimes overstated. Comparatively speaking,
a glance at how religion or cultural identity can permanently affect personality tells
us that nano-bionic devices may not be more damaging to the integrity of one’s
person than, say, unconscious social pressure in a healthy individual’s life.

To help ensure that the debate concerning the use of nano-brain devices for
enhancement is not slowed down by numbers of publications that try in vain to find
unique or authentic ethical issues in terms of enhancement, I adopt Nordmann’s
view that ethical literature should be based on its application rather than on any
speculative scenario (Nordmann 2007). I believe that using hypothetical cases to
ascertain ethical attitudes toward the risks and benefits of nano-neuro implants for
enhancement may lead to social misunderstanding, not to mention social panic
(e.g. the impact of somatic nuclear transfer for reproductive purpose3). An attempt
to involve concrete ethical cases will shape the direction of ethical research toward
a rational nanotechnology enhancement debate.

In terms of novelties, it seems that nano-brain devices are not intrinsically unique
in terms of enhancement, but I believe they raise a number of issues that need to be
considered in future ethical guidelines and clinical trials. Let us look more closely
at these issues in the following sections.

11.4 Challenge to Informed Consent

As a necessary precondition for informed consent, a healthy individual seeking
cognitive enhancement must be (1) a volunteer, chosen without manipulation, undue
influence or coercion (2) competent to appreciate the risks and benefits, (3) able
to understand alternative treatment options, and (4) free of psychiatric conditions
or psychiatric comorbidity. Admitting that the efficacy and safety of nano-bionic

3The debate on somatic nuclear transfer for reproductive purpose (reproductive cloning) has been
monopolized and depicted without accuracy by the media. This phenomenon has dragged ethical
questions on speculative ground and shifted the focus away from issues of safety and efficacy.
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devices could be reasonably possible for cognitive enhancement, if a subject lacks
one of these four minimum ethical requirements, then the subject should be excluded
from invasive neurosurgery.

As an essential element of informed consent – the appreciation of the risks of
harm (that subjects must assume) may not be obvious at the time of the decision.
Potential patients may be legally competent and free to choose concerning their own
physical and psychological integrity, but they may not be able to make meaningfully
autonomous decisions regarding consent to nano-bionic cognitive enhancement.
When in consultation for cognitive enhancement intervention, a healthy patient
may feel invulnerable to safety issues given the possibility of quick beneficial
effects. Indeed, healthy populations might underestimate the long-term risk effects
of nanomaterials in the pursuit of quick results. A look at the phenomenal increase of
the use of botulinum toxin type A or sildenafil, the former for beauty enhancement,
the latter for sexual performance, shows that many healthy individuals, with freedom
of choice, are not hindered by the potential for long-term risks if there are
immediate, tangible benefits (Turner and Sahakian 2006). An incorrect estimation
of the risk may result in a notable increase in claims that allege failure to obtain
proper informed consent before intervention; this is an issue that plastic surgery is
facing (Tebbetts and Tebbetts 2002).

If nano-bionic device clinics for enhancement purposes of healthy subjects
become a reality, practitioners have to ensure that a patient’s comprehension of
the risks and uncertainties is evaluated at the time of obtaining consent. Official
national and international guidelines should be developed by multidisciplinary
experts. Guidelines could provide information to assist potential patients’ decision-
making.

Nano-bionic devices for cognitive enhancement purposes could be ethically
approved for healthy subjects if subjects make informed decisions and are not
coerced. Although not entirely sufficient, this approach to conditions for access
to nano-bionic devices will ensure ethical approval for the enhancement field –
safety being the core ethical prerequisite. The nano-bionic device enhancement field
should avoid being inspired by pure mercantile profit and aggressive marketing;
it should avoid the less-than-noble model of the field of plastic surgery, where
recently, pathology labeled ‘plastic surgery addiction’ has been observed (Wright
1986; Phillips et al. 2001). Risk of addiction in relation to enhancement should
not be ignored. In terms of nano-bionic implants, the need to continually enhance
oneself could lead to risky addiction. Given that a certain level of electric stimulation
might result in a certain level of enhancement, who should decide and adjust the
implant stimulation level? Famous studies of rat brains using positive reinforce-
ment produced by electrical stimulation have demonstrated addictive, often lethal
behavior outcomes (Olds and Milner 1954; Wright 1987). Similar compulsive self-
stimulation in human has been already reported in the literature (Portenoy et al.
1986). Postoperative follow-up issues raise many complex questions.

A study by Macoubrie (2005) of public perceptions of nanotechnology found
that the public anticipated major benefits from nanotechnology. How do such
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perceptions arise in public opinion? Can such opinion influence an individual’s
informed consent process? Healthy individuals use the media as a primary source
of information about new technologies and their possible applications. Although
the media have an important role in disseminating information, they also play an
influential role in disseminating misinformation. Can positive media depictions of
the potential of nanotechnology for enhancement purposes influence a patient’s
informed consent? A review of DBS media studies might be able to answer this
question. Bell et al. (2010) have reported an insightful study on the impact of
enthusiastic media portrayals of DBS on patients’ hopes and expectations. They
concluded that healthcare providers view media portrayals of DBS as “playing a
key role in establishing expectations for DBS patients and for public in general”
(Bell et al. 2010). From the point of view of healthy patients who go through an
informed consent process because they are willing to enhance their memory, the use
of an easily available optimistic depiction (Racine et al. 2007) – both in the medical
literature and in the popular media – might be a challenge to truly informed consent.
Ford (2009) suggests that the overtly optimistic reports about new neurosurgical
innovations generate an “educational vulnerability” for patients. Ford affirms that
very often when patients approach neurosurgical techniques, they have already been
preconditioned by overly optimistic portrayals of novel brain interventions, and this
compromises truly informed consent. Informed consent is an important mechanism
for respecting patient autonomy, but in order to reach this ambitious goal, the effect
of exposure to unbalanced media reports must be considered.

Based on these observations, enhancement providers would have the responsi-
bility of designing a process for obtaining fully informed consent, while avoiding
the exploitation of unrealistic hopes built by optimistic portrayals that do not
engage in any ethical examination. Healthy patients seeking enhancement must be
educated about the realistic potential of nano-brain devices because they may harbor
misconceptions about the potential for enhancement efficacy and underestimate the
safety risks.

11.5 Recourse to Reasonable Medical Alternatives

The invasive nature of nano-bionic device procedures exacerbates bona fide con-
cerns of safety, as compared to non-invasive pharmacological interventions, such
as selective serotonin reuptake inhibitor drugs or beta-receptor blockers. Since
pharmacological intake implies less severe risks and adverse complications in both
the short and long term, it stands to reason that a non-invasive method is undeniably
preferable to surgical interventions for cognitive enhancement.

Although the application of nano-bionic devices does not seem to raise novel
ethical problems, significant ethical concerns are nonetheless at stake. Besides the
technical difficulties involved in making risk assessments, which try to project
the likelihood and extent of harm that could result for healthy patients seeking
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nano-bionics enhancement, there are also ethical difficulties to face. These include
questions such as:

1. Under what circumstances should healthy individuals have the right to receive
nano-bionic devices for cognitive enhancement purposes?

2. What level of prospective benefit could justify such invasive nano-bionic inter-
ventions in healthy patients?

3. How should nano-bionic devices be regulated to assure the primary concern for
patient safety, without stopping research in this field altogether?

These questions must be thought through and given serious ethical attention
before applications for nano-bionic devices can be approved for use in healthy
human subjects.

Nano-bionic devices should be seen as a last solution, the appropriateness of
which depends on what outcomes a patient wants to achieve through this invasive
intervention. Before any invasive intervention could be regarded as an option, it
must be proven that it enhances mood as well as functional and cognitive abilities
in healthy subjects in general; moreover, it must be proven – with a high level of
significance – that it could enhance the very individual asking for the intervention.
Any benefit that can result from an individual’s enhancement in particular does not
necessarily entail that the whole population would be identically enhanced given
the same intervention. Not only should it be established that an intervention could
enhance the particular individual, but it must also be demonstrated that it is the only
alternative left in order to reach that individual’s aim. Nano-bionic enhancers must
offer an individual significant advantages over non-enhanced individuals; indeed,
the level of improvement is often well below the level of normal function (Repantis
et al. 2008). Additionally, nano-bionic devices must be proven to be more effective
than pharmacological measures available to the individual.

Severe short and long-term side effects have to be eradicated on both a physical
and psychological level before nano-bionic devices can be considered a viable
option for healthy subjects. Yet, to address the ethics of these requirements, nano-
bionic devices must prove themselves, and part of doing so means they must pass
scientific muster. At this point, assurances of the safety and efficacy of nano-bionic
devices are not borne out in the literature. Current reporting on DBS is particularly
vulnerable to researcher/investigator bias because of an excessive reliance on single-
patient case reports (Schlaepfer and Fins 2010; Gilbert and Ovadia 2011). Although
the risk that selective publishing poses is by no means unique to DBS, it is
essential that safety and efficacy be proven, and for this, higher powered studies
will be needed. Ethical patient selection for such studies will of course be a
challenge. Alternatively, without higher powered studies, investigator bias may drive
development of this research.

Rather than imposing a total ban on further nano-bionic implant developments
or endorsing total freedom, ethical regulations (informed and uncoerced choice,
restriction to cases where there are no other alternatives available, competence to
appreciate the risk, no psychiatric conditions or comorbidity) should be evaluated
with priority.
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11.6 Conclusion

There is a wide spectrum of positions in the human enhancement debate. For the
advocates of human enhancement, the debate should be solved with respect to
a fundamental right: the freedom of choice regarding psychological and physical
integrity. What could be wrong with a healthy person enhancing her own brain
functions with a nano-device if it harms no one other than perhaps the individ-
ual? Following this preliminary investigative chapter, I conclude that regulating
enhancement technology for enhancement purposes is not directly infringing on the
fundamental right of freedom of choice with regard to physical and psychological
integrity. Although there might not be a right to prevent one from deciding to engage
in risky interventions that could result in damaging physical and psychological
integrity, there is a duty to prevent one from deciding to engage in an unethically
invasive intervention that could damage one’s physical and psychological integrity.
Although nano-bionics for cognitive enhancement is not unethical per se, there are
sufficient reasons for restricting the kind of interventions surgeons are requested to
do. It is a corollary from the necessity to regulate the informed consent that each
person’s freedom to decide must be limited so as not to directly inflict unnecessary
bodily injury on one’s own physical and psychological integrity (i.e. the person
willing to undergo enhancement), nor on any other (e.g. a surgeon). As seen above,
regarding the deliberative informed consent process, it is not clear where the realm
of autonomy ends and where the realm of heteronomy begins. Allowing nano-
bionic enhancement without the four minimum requirements for a proper informed
consent framework is simply unethical. Individual autonomy could not survive
without health and safety concerns. If a surgical brain procedure is proven to be
safe and effective, the enhancement debate becomes more of a matter for healthcare
policymakers rather than an issue based exclusively on the right to freedom of
choice.

No one can predict for what purposes bionic devices built with nanomaterials
will be used in a few decades or even what nano-bionic devices will become
in the history of cognitive enhancement in terms of ethics. Given their current
stage of development, nano-bionic technologies for enhancement purposes are
more speculative than actual. It would be premature to advocate invasive nano-
neurosurgical interventions strictly on the basis of freedom of choice. If one
day nano-bionic devices could be used for enhancement purposes, policymakers
must ensure that their use will not heighten behavioral consumption patterns and
dependency on technology, which are unfortunately related to individuals having
freedom of choice.
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