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Abstract: This paper outlines the topics that are on the intersection of neuro-
ethics and neuroimaging domain.

Materials and methods: An extensive search through Medline bibliographic
database was performed for a period of 12 years (1997-2009), using a combination of 3
keywords ("ethics", "neuroethics", "neuroimaging”). The search returned 119 indexed
articles, of which 102 were found relevant. The articles were classified in two main
categories tackling ethical challenges in basic research (55 papers) and applied clinical

research and practice (39 papers).

Results and conclusions: For each of the categories, the majority of articles
came under one of the following topics — the neural basis of emotion, reasoning and per-
sonality (30 papers) and ethics of neuroimaging in disorders of consciousness (15
papers). The appointed topics stand at the very intersection of the neuroethics and neu-
roimaging domain, evidencing their strong interdependent relationship. Furthermore,
the number of topics and corresponding articles has been steadily increasing over the
years (minimal in 1997, maximal in 2009). These data are in good acconcordance with
other scientific findings. Also, they correspond to the period of progress in the inves-
tigated disciplines, giving rise to the fact that future advances in neuroethics are in
strong correlation to the advances of neuroimaging technologies.
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Introduction

The word "neuroethics" refers to the ethics of neuroscience and the
neuroscience of ethics [1]. It is a recent coinage in the vast group of neurolo-
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gisms — an ever-expanding group of auto-referential neologisms that use the
prefix "neuro". Namely, it emerged two decades ago, but was formally introdu-
ced at the beginning of the last decade. The first references in indexed articles
were considering the role of the neurologist as a neuroethicist faced with patient
care and end-of-life decisions [2], and philosophical perspectives on the brain
and the self [3]. However, it was only within the framework of the conference
called "Neuroethics: Mapping the Field" that this field was officially established
[4]. The further progression of neuroethics was proportional to the advances in
neuroimaging technology. This was evidenced in a meta-analysis [5] of nearly
3400 peer-reviewed papers, conducted a decade ago for the preceding decade
(1991-2001) in order to examine the applications of fMRI with/without other
neuroimaging modalities. Namely, the concluding remarks noted a steady
growth in studies with evident ethical and social implications. This is due to the
fact that modern neurotechnologies, giving rise to advanced capabilities for
understanding and monitoring human thought and behaviour, have brought new
issues in neuroethics to the forefront [6]. This paper outlines the topics on the
intersection of neuroimaging and neuroethics, thus acknowledging their mutual
coexistence in a strong interdependent relationship.

Material and methods

PubMed internet search engine was used to explore the Medline biblio-
graphic database of biomedical scientific journals. The following combinations
of keywords were used for selection of articles with relevant titles: "ethics,
neuroimaging" and "neuroethics, neuroimaging". The search covered a period
of published evidence from the neuroethics domain, namely the years between
1997 and 20009. In the initial phase, 119 titles in indexed, peer-reviewed journals
were selected for further processing. During the second phase their abstracts
were analysed. The selection process concluded with a complete analysis of a
total of 102 papers. According to their contents, all but the review papers were
subsequently classified into two main categories: ethical challenges in basic
research (55 papers) and ethical challenges in applied clinical research and prac-
tice (39 papers). The classification was made for didactic reasons [7] but it
returned interesting findings, listed in the following section.

Results

A. Ethical Challenges in Basic Research

Neurophysiologic Applications and Safety of Novel Technologies (2
papers). Articles within this group focus on the latest technological discoveries
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such as: transcranial magnetic stimulation, implantable brain chips and diffu-
sion tensor imaging modality. They consider these issues from various perspec-
tives: device safety, informed consent for use, application in large cohort studies
and possible health implications.

Legal and Policy Issues in Neuroimaging (23 papers). The selected
articles open up new perspectives on the matters of privacy (understood as
discretion in the process of collecting information about/from a person) and
confidentiality (understood as respect for the wishes of the person in regard to
the storage and possible disclosure of such information) [8]. Of all possible
issues, two are the most prominent: the need for fundamental reconfiguration of
personal identity (caused by the possibility of "direct" insight into our mental
processes) and the need for appropriate management of incidental findings.

Neural Basis of Emotion, Reasoning and Personality (30 papers). This
group of articles covers a wide array of topics originating in various disciplines
such as: philosophy, anthropology, sociology, psychology, biology, neurosci-
ence and the cognitive sciences in general. This is an area of research that
shows rapid expansion over the last years, constantly widening the scope of
ethical considerations. Currently, there is great advancement in providing ans-
wers to the problems of human cooperation/competition, decision-making and
moral judgment, but the area also expands to cover the less prominent and more
exotic questions about our religious beliefs, social attitudes, deceptions and
virtues. Furthermore, it gives rise to new disciplines (such as neuroeconomics
and neuromarketing) and extends its application to more distant disciplines such
as forensics.

B. Ethical Challenges in Applied Clinical Research

Ethics of Neuroimaging in Neurosurgery (1 paper). Functional neuro-
imaging can be used as a diagnostic tool to prompt the offering of surgery and
as a therapeutic tool in assisting the precise execution of operational procedure.
Therefore, adequate interpretations of the data, as well as some alternative expla-
nations are essential for advancement in this field. The issues under general
consideration are the questions of reliability and validity of the tool and its data.

Ethics of Neuroimaging in the Prenatal Diagnosis of CNS Anomalies (3
papers). The adequate prediction of the neurodevelopmental outcome in neo-
nates is a main issue for consideration, because it may affect the parental deci-
sion-making process, and may be a target of various misuses leaving long-term
and irreparable consequences.

Ethics of Neuroimaging in Paediatrics (4 papers). These articles deal
with dilemmas, typical of the adult population (on a magnified scale), and spe-
cific for the paediatric population (on a proportional scale). They discuss the
following issues: informed consent/assent, association/causation of the problem,
brain/behaviour dichotomy, and risk/benefit of the outcomes.
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Ethics of Neuroimaging in Dementias, Neurological and Psychiatric
Disorders (15 papers). The issues that receive special considerations within this
group, are new and unforeseen situations such as: the use of neuroimaging tools
for predicting subclinical disease in asymptomatic or pre-symptomatic patients.

Ethics of Neuroimaging in Disorders of Consciousness (15 papers).
The emphasis is placed upon the vegetative and minimally conscious states.
Articles which are of special significance are those exploring the opportunities
for diagnostic sub-classification, since it could have tremendous implications on
the prognosis of the patient. It should be noted that this area is in great expan-
sion with an explosion of papers, numerous meetings and various projects dedi-
cated to its further exploration. One of the most prominent European initiatives
for investigation of the problem is the COST Action BM0605 entitled "Cons-
ciousness: A Transdisciplinary Integrated Approach", in which a Macedonian
team is taking an active part [9].

Conclusions

Even though relatively new, the field of neuroethics is in steady expan-
sion, constantly flourishing with the advances in modern neurotechnologies.
This conclusion has already been anticipated in the earlier meta-analysis [5] but
was finally confirmed with this study (Fig. 1). A parallel study [10] resulted in
similar findings, serving as a reconfirmation (Fig. 2) of the fact that neuroima-
ging technologies shed light on topics which were formerly unprecedented in
the field of neuroethics.
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Figure 1 — Dynamics of papers related to neuroimaging and neuroethics in our study

Formally, the topics were arranged in a didactic framework and clas-
sified in two categories, but in essence there are no limits to the ethical
considerations in neuroscience. At present, the most popular topics are those
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standing at the very intersection of the neuroethics and neuroimaging domains.
They are exploring the neural bases of emotion, reasoning and personality, del-
ving into the ethical mysteries of consciousness disorders and boldly reaching
further into the new territory of neuroethics.
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Figure 2 — Dynamics of papers related to neuroimaging and neuroethics
in a parallel study superimposed with our findings
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Pe3sume
HEBPOUMMUMIIUHI U HEBPOETHUKA: IIPETJIE]]
I'onecka b.

Oiticex 3a Hegpoungopmaitiuxa, Ooden 3a buourpopmaitiuxa,
Maxkedoncka akademuja na Haykuitie u ymeiinocitiuitie, Crotije, P. Maxedonuja

Ancrtpakt: OBaa cTyaMja JaBa [JCTajeH OCBPT HA TEMHTC KOW CE Ha 3aci-
HUYKHOT TIPECEK OJI B HOBH AUCHHIUIMHH: HCBPOCTHKA U HEBPOUMHIIUHT.

Maitiepujan u meitioou: 3a mMoTpeOUTE Ha OBa UCTPAKYBAE, CIIPOBEICHO €
EKCTEH3UBHO npebapyBame HU3 Onbnuorpadceka 6a3a Ha nmoxatonu "Medline". TIpe6a-
pyBameTo ¢ HampaBeHo 3a nepuoj of 12 romuau (1997-2009) co koMOMHAIHja O TpH
300pa ("ethics", "neuroethics", "neuroimaging"). IIpuroa e HampaBeH nperyex ox 119
WHJICKCHPAaHU MyOJIMKALMK, CO TOCIICI0BAaTEIIHA CEJICKIMja U JIeTajHa aHanu3a Ha 102
peneBaHTHH IyOuikanumu. Mcrure ce kacuGUIUIpaHy BO ABE INIABHHU KaTETOPUH: €THIKU
MIPEAN3BULIM BO OCHOBHO HAydHO HCTpaxyBame (55 myOiukanuu) W arIMKaTHBHO
HayJHO UCTPaXXKyBame CO KIMHUYKA MpakTuka (39).

Pesynitiaitiu u 3axnyyok: JlononHuTenHaTa pa3paboTka Ha ABETE KaTETOPUHU
HOEIMHEYHO, YKaKyBa JIeKa ejHa CIenn(HuIHa 001acT ce Haora BO MOMEHTATHUOT (OKYC
3a CeKkoja o1 HUB. Bo TOMEHOT Ha OCHOBHOTO HAay4YHO HCTPaXKyBambe TOa C€ H3ydyBa-
haTa Ha HEBPOJIOUIKKTE KOPEJIaTH Ha eMollfjaTa, KOTHUIMjaTta u auyHocTta (30 myOuu-
Kalluu), JOAeKa BO JOMEHOT Ha KIMHMYKATa MPaKTHKA TOa Ce STHUKUTE ACIEKTH OJf
yrnoTpeba Ha HEBPOMMHUIIMHT TEXHOJIOTUH Kaj HapyllyBama Ha cBecta (15 myOnukarmn).
HaBeznenure Temu ce Haoraat Ha CTporaTa rpaHuIa Mely oOlacTUTe O HHTepeC, JOoKa-
JKyBajKM ja HUBHATa 3aeMHa TOBP3aHOCT. OCBEH COIAPKUHCKUOT KBAIUTET, BO IPHIOT
Ha MefyceOHaTa 3aBUCHOCT TOBOPM M KBaHTUTETOT W JUHAMUKATa Ha MPOAYLUPAHU
ny6nukanuu (MHHAMaleH Bo 1997, a MakcumaneH Bo 2009 roanHa), KaKO U CIIMIHUTE
HAO0JM OJ1 MapaJIeIHU HayYHU UCTPaXyBamba.

K.]'ly‘IHI/[ 360])081/12 €TUYKH, MOpaJl, JICTATHO, HEBPOHAYKa, HCTPAXKYBALE.
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