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Ethical Practice in the Era of 
Advanced Neuromodulation

TAMAMI  FUKUSH I

Therapeutic and scientific approaches to neurological and psychiatric disorders 
have led to advanced technologies for neuromodulation, such as deep brain 
stimulation (DBS), transcranial magnetic stimulation (TMS), and brain-
machine interfaces (brain-computer interfaces; BMI/BCI). The interactive 
approaches between external environment and brain function via BMI/BCI 
may provide novel insights into “free will”, as well as decision-making and 
action planning processes of human agents. Indeed, BMI/BCI instruments can 
already be applied in “real-time” translation systems linking brain activity and 
computer commands, such as computer cursor movement, spelling devices, 
and wheelchair control. Such advances enable human agents “interfaced” with 
computers to manipulate external instruments efficiently and to express one’s 
basic intentions.
 In this article, I introduce recent advances in BMI/BCI and other related 
technologies being developed globally, and the ethical implication of their 
practice for neurological patients in Japan.

“Neuromodulation” in Computational Context

“Neuromodulation” can be defined as a technology to modulate brain function 
for realising more improved quality of life (QOL) for both healthy people 
and patients and people with disabilities (Fukushi and Sakura 2008). There 
are two procedures implementing neuromodulation in humans, i.e., pharmaco-
logical and computational ones (Fukushi and Sakura 2008; Husain and Mehta 
2011; Synofzik 2007). Pharmacological procedures are not the main focus in 
this article. Briefly, it has been recognised that psychotropic drugs can alter 
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people’s daily performance by enhancing the memory, concentration, social 
communication, etc. (Husain and Mehta 2011). Computational procedures, 
such as DBS, TMS, and BMI/BCI, have been developed considerably for this 
half century.
 DBS is an electrical stimulation technology via chronically implanted elec-
trodes to subcortical structures. It was originally developed by Benabid and 
his colleagues in the 1980s, and the original purpose for DBS application to 
the target patient was a treatment of movement disorders (Wichmann and 
DeLong 2006; Okun et al. 2010). After almost three decade of DBS appli-
cation in the clinical scene, it is extensively used for various types of neuro-
logical disorders including essential tremor, dystonia, ballismus, and chorea 
(Montgomery 2004; Wichmann and DeLong 2006) as well as vegetative state 
(Schiff et al. 2011; Yamamoto et al. 2012, 2010; Yamamoto and Katayama 
2005).
 TMS, another neurostimulating technology, is a relatively new technology, 
and is considered among the “non-invasive” and “safer” stimulation procedures 
(Steven and Pascal-Leone 2006). TMS produces magnetic field by electric 
current flowing through a coil of wire, and it is categorised by three types of 
stimulation pulses: single-, paired-, and repetitive (rapid-rate) types (Quintana 
2005). The safety criteria of TMS parameters in the guidelines of International 
Federation of Clinical Neurophysiology (IFCN) published in 1999 was not 
precisely defined to cover various types of disorders (Hallet et al. 1999; see 
also Fukushi and Sakura 2008). Since then, it has been extensively discussed 
how the effect of TMS differs across stimulating procedures (single pulse, 
paired pulse, and repeated), purpose of stimulation (clinical or non-clinical), 
subject’s characteristics (sex, age, vital condition, neurological history, etc.), 
and target brain structures (Gilbert et al. 2004; Machii et al. 2006, Quintana 
2005). In 2009, the guidelines were fully revised with considerable numbers of 
analyses and discussions among researchers and clinicians (Rossi et al. 2009).
 BMI/BCI is a technology developed for the purpose of connecting living 
brain structure and computer(s) directly, in order to manipulate instruments. 
The possibility of this technology has been discussed in the late 20th century 
and the number of laboratories dealing with BMI/BCI has been expanded 
in this decade (Guger et al. 2011; Mikhail et al. 2011). Neurophysiological 
approaches using non-human primates have contributed significantly to make 
this technology applicable for human subjects, and recent advances in non-
invasive BMI/BCI for human subjects are remarkable (Birbaumer et al. 2008; 
Cecotti 2011; Fifer et al. 2012). For example, most of BMI/BCI instruments 
succeed to apply “real-time” translation system between brain activity and 
computer command, and a variety of instrumental options are getting available 
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for BMI/BCI manipulation, such as computer cursors, spelling devices, wheel-
chairs, and so on (Millán et al. 2010; Mak and Wolpow 2009). These 
advances enable human subjects to manipulate instruments so efficiently to 
realise one’s intention to express. In “BCI AWARD 2010”, a competition of 
BMI/BCI technology sponsored by g.tec company, 10 out of a total of 57 
applications were nominated to the final selection. Of those top-10 projects, 
nine focused on the application to human users, and five out of those nine 
dealt with the systems for neurological patients including stroke, locked-in 
or paralysed disables, and amyotrophic lateral sclerosis (ALS). As described 
above, it is very obvious that one goal of BCI/BMI technology development is 
enabling neurological patients who have difficulty in voluntary action, to ex-
press their thought and intention in their daily life situation as demonstrated 
by BCI AWARD 2010.

Ethical Practice of Neuromodulation in Japan

In Japan, neuroethics as an academic discipline was introduced from the US 
in 2004, though it was discussed in terms of “ethics of neuroscience and edu-
cation” or “neuroscience and philosophy” at the committee of brain science 
and education at Ministry of Education, Culture, Sports, Science and Techno-
logy (MEXT) in the early 2000s. Through March 2002 to June 2004, MEXT 
held an investigative commission to discuss “Brain Science and Education”, 
and published working papers to progress a cohort study about children using 
neuroscience technology such like brain imaging tools (http://www.mext.go.jp/
b_menu/shingi/chousa/gijyutu/003/toushin/020802.htm and http://www.mext.
go.jp/b_menu/shingi/chousa/gijyutu/003/toushin/03071003.htm, published 
in Japanese). In those reports, the commission recommended to establish the 
cohort project, and described the importance of ethics of brain imaging to 
manage the children cohort study project across a long period. After importing 
the US-defined discipline, the concrete “neuroethics” analysis was led by the 
Neuroethics Research Group, which was established by the Research Institute 
for Science and Technology for Society (RISTEX) at the Japan Science and 
Technology Agency (JST). From 2004 to 2009, the research group organised 
various events, including international symposium (http://www.kuba.co.jp/
ristex/index_e.html), academic workshops in both neuroscience and bioethics 
society meetings, public engagement workshops, and stakeholder meetings. In 
respect to neuromodulation, the research group tried to define both technical 
and ethical issues based on the concurrent Japanese research communities’ 
achievements (Fukushi and Sakura 2007; Fukushi et al. 2007). In 2008, the 
Ministry of Education, Culture, Sports, Science and Technology established 
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the Strategic Research Program for Brain Sciences (SRPBS) to support progress 
in neuroscience research and development. Neuromodulation was one of the 
main goals of the medial innovation strategic plan, and which has been conti-
nuously supported by all political parties and across frequent political power 
shifts in recent years in Japan. In the following section, I introduce several 
activities related to ethics and safety of neuromodulation in Japan.

Safety and Ef f icacy Regulation by Governmental Bodies

Application of DBS to the movement disorder has been established in Japan, 
and a group of Nihon University also played an important role to develop the 
DBS treatment for vegetative state patients, as described above (Yamamoto 
et al. 2012, 2010; Yamamoto and Katayama 2005). Nevertheless, use of DBS 
for psychiatric disorders has been controversial amongst Japan’s functional 
neurosurgeons, psychiatrists, and bioethicists, since the risk and benefit ana-
lyses to identify the safety criteria for ethical application are still in progress 
(Takagi 2009, 2012; Katayama and Fukaya 2009). From 2007 to 2009, the 
New Energy and Industrial Technology Development Organization (NEDO), 
under the Ministry of Economy, Trade and Industry (METI), held an inter-
national survey about safety and efficacy assessment of DBS for psychiatric 
disorders and Alzheimer’s Disease (NEDO 2008, 2009; Takagi 2012). The 
principle investigator of the 2008 project — Takagi — pointed out the fol-
lowing items to be counted for the definition of safety and ethical regulation 
of DBS application for psychiatric patients (NEDO 2008). First, team activity, 
i.e., collaboration with neurologists, neuropsychologists, psychiatrists, neuro-
surgeons, nurses, and bioethicists would be effective to share the responsibility 
as well as to prevent the “curiosity-driven DBS trial”. Second, multi approval 
and monitoring systems in which a combination of Food and Drug Admi-
nistration (FDA)-like regulation, an institutional review board (IRB), a “data 
monitoring committee”, and a “conflict of interest board”, would work effi-
ciently to monitor the safety, efficacy and conflict of interest between the 
clinician and medical industries. Lastly, consideration of patient selection, 
based on multi criteria for patient screening and suitable informed consent 
with accurate information about the risk and benefit of DBS such that the 
DBS is not a perfect solution of one’s disorder, would be required.
 Safety and efficacy of the electronic/medical device for use in neuromodu-
lation were also discussed by the research community for future development 
of governmental regulation. METI and the Ministry of Health, Labour and 
Welfare (MHLW) have collaboratively established a “Neuromodulation working 
group” during two years from 2008 to 2009. There were various participants 
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from the neurosurgery, neurophysiology, rehabilitation, and neuroengineering 
communities, who discussed how to identify safety criteria for repetitive 
TMS, DBS and other brain stimulation devices, prosthetic visions, spinal cord 
stimulation device, cranial nerve stimulation device, and BMI. Based on their 
discussion, guidelines about the technical development of implanted devices 
for neurostimulation was issued by METI in addition to safety criteria for the 
evaluation of neuromodulation devices by MHLW. METI guidelines determine 
the safety criteria for the production process of implanted medical device ap-
plied to central and peripheral nerves, based on the reference of International 
Organization for Standardization (ISO), including sterilisation, adhesion 
particles, biocompatibility, devices accompanied with pharmaceutical agent, 
stimulation parameters, electrode lead, configuration and casing, electrical 
safety and stability, thermally-safety and stability, protection from unexpected 
performance, alarm, in vivo non-clinical evaluation, clinical trials, electro-
magnetic compatibility, and mechanical stability (http://www.meti.go.jp/
policy/mono_info_service/service/iryou_fukushi/downloadfiles/201011-12.pdf, 
in Japanese). In MHLW descriptions, it is mentioned that near future whole 
stimulation devices may be promisingly improved by additional technology 
development. Thus, the present criteria just contain possible safety compo-
nents considered in the current clinical context, which may be revised and 
updated as occasion may demand. It is also mentioned that the present criteria 
does not reject the application of novel devices developed by advanced tech-
nologies (http://www.fujita-hu.ac.jp/~rehabmed/JSNRNR/neuromodulation_
eval/H22_12_15notice_neuro.pdf in Japanese). These regulatory frameworks 
should be more informed to the research communities from basic neuroscience 
to clinical neurologist, and neurosurgeon in addition to engineers making 
devices.

Self-Regulation and Ethics Discussion by 
Research Community

In addition to regulation by governmental bodies, the research community 
also developed self guidelines for ethical implication of neuromodulation tech-
nology. The Japan Neuroscience Society revised their guidelines for human 
subject research in 2009 (http://www.jnss.org/en/guideline/rinri/). In their 
new guidelines, ethical issues related to non-invasive research on human brain 
function are identified separately and then described the recommended pro-
cedure to use for human subject, including informed consent process and 
protecting the privacy of subjects. The technologies identified in the guidelines 
are as follows: Magnetoencephalography (MEG), TMS, Positron Emission 
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Tomography (PET), Single-Photon Emission Computed Tomography (SPECT), 
Functional Magnetic Resonance Imaging (fMRI), Near Infrared Spectroscopy 
(NIRS), Neuro-Psychological study, BMI/BCI, and genomic research. In addi-
tion, precautions when reporting research results at conferences and in aca-
demic journals were also mentioned by the Society.
 There are another activities related to the ethical practice by the research 
community. In the Strategic Research Program for Brain Sciences (SRPBS), 
which was established by the Ministry of Education, Culture, Sports, Science 
and Technology to progress neuroscience research and development including 
neuromodulation, a neuroethics support team started ethics consultation. The 
team modified the Stanford model of “Benchside Ethics Consultation” (Cho 
et al. 2008) for the suitable format to SRPBS organisation, which was the 
first case for the neuroscience research bodies in Japan (Sakura and Mizushima 
2010). Another remarkable activity was that, in 2012, the Japanese Society 
of Biological Psychiatry (JSBP) started academic discussion about the ethical 
regulation for DBS treatment for the patients with psychiatric disorders. In 
their first symposium and the annual meeting, neurosurgeons were invited to 
give a presentation about the DBS application for neurological disorders and 
then pointed out both technical and ethics problem to apply DBS for the 
psychiatric patient from the surgical side (Taira 2012). In Japan, since the 
Japanese Society of Psychiatry and Neurology (JSPN) adopted a cessation of 
lobotomy in 1975 (in Folia Psychiatrica et Neurologica Japonica [1975]: 597, 
in Japanese), which led the psychiatrists to avoid the interaction with neuro-
surgeons community. Therefore a surgical treatment for the patient with 
psychiatric disorders using new neurosurgical technologies has not been inves-
tigated in both ethical and safety context for more than 30 years. In recent 
years, neurosurgery community in Japan started sharing the clinical informa-
tion about Tourette syndrome patients who had DBS treatment. Tourette 
Syndrome contains neurological symptoms, such like repetitive, stereotyped, 
involuntary movements and vocalisations, and sometimes accompanied by 
psychiatric symptoms related to depression or anxiety disorders (http://www.
ninds.nih.gov/disorders/tourette/detail_tourette.htm). They will accumulate the 
cases of DBS surgery on Tourette syndrome patients purposing improvement 
in motor disorders and analyse how the psychiatric symptoms are changed by 
DBS. Though it will take a long time to conclude whether or not to accept 
DBS treatment for the patient with psychiatric disorders, the recommence-
ment of dialogue between psychiatric researchers and neurosurgeon community 
in Japan will develop new scientific and ethical insight of DBS implication 
not only for individual patient but for the Japanese society in terms of how 
to accept active treatment of patients with severe psychiatric disorders.
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 Taken together, ethical practice in neuromodulation is established in 
Japan in terms of both regulatory and ethical aspects, which are comparable 
to ethical practices as already discussed in western countries (Clausen 2011; 
Jotterand 2011; Rabins 2009; Takagi 2012). However, the number of neuro-
ethics professionals who can link neuroscience, ethics, regulation, and policy-
making communities is still limited in Japan. It is true that there are limited 
opportunities to interact ethical and clinical communities at the same table, 
because there is no established academic society of neuroethics or equivalent. 
The researchers interested in neuroethics need to chase various activities across 
neuroscience, neurosurgery, psychiatry, bioethics, philosophy of science, science 
communication, and so on, by their own effort. Linking whole stakeholders 
surrounding neuromodulation to implement the idea provided by the ethics 
community to suitable regulatory procedures for research and clinical scene 
is quite important to facilitate medical innovation through neuromodulation 
technology development. This would be the next step to further establishment 
of neuroethics in Japan.
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