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Safety and Neuroethical Consideration 
of Deep Brain Stimulation as 

Psychiatric or Dementia Treatment

MIYAKO TAKAG I

Introduction

This article will summarise the results of two studies related to the use thera-
peutic use of deep brain stimulation (DBS) and will provide an overview of 
some of the key ethical issues related to DBS used both for therapy and for 
“human enhancement”. The study is interview-based and discusses the views 
of physicians and patients on the use of DBS to treat psychiatric disorders. 
The article then summarises the results of a Canadian clinical trial of DBS in 
Alzheimer’s patients. The subsequent review of ethical issues raised by DBS 
for therapeutic as well as cognitive enhancement purposes will address such 
issues as risk factors, informed consent and conflict of interest questions.
 DBS is a surgical medical treatment involving the implantation of a medical 
artificial device which sends electrical impulses to specific parts of the brain. 
In DBS, electrodes are connected by wires to a type of pacemaker device 
(called an impulse generator) implanted under the skin of the chest, below the 
collarbone. The impulse generator can easily be programmed using a computer 
that sends radio signals to the device. DBS can directly change brain activities 
in a controlled manner, and its effects are generally mild and reversible.1, 2

 DBS in the selected brain areas has provided remarkable therapeutic benefits 
to treat a variety of disabling neurological symptoms — most commonly the 
symptoms of Parkinson’s disease (PD), such as tremors, rigidity and slowed 
movement. At present, the procedure is used only for patients whose symptoms 
cannot be adequately controlled with medications.
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 Lately, in advanced nations, the clinical trials of DBS have been applied 
for various psychiatric disorders, such as obsessive compulsive disorder (OCD), 
Tourette syndrome (TS) and severe depression.3 It has also been tested in a 
few patients for other conditions such as Alzheimer’s disease (AD), obesity, 
a minimally conscious state after a traumatic brain injury4 and addiction. 
Though the data are intriguing, there is insufficient evidence to support DBS 
as a therapeutic modality for these conditions. We must examine the safety of 
such therapies, and clarify the conditions for proper application of the DBS 
technique.
 Previous medical practices such as prefrontal lobotomy revealed many 
problems and concerns which needed to be resolved. Prefrontal lobotomy 
provides a valuable historical lesson as human neuroscience progresses. This 
operation did help people but had adverse effects that were not fully known 
or disclosed.5 Therefore, the new techniques of DBS must define its criteria, 
procedure and ethical boundaries in avoiding possible bioethical mistakes.
 On the other hand, some scientists are warning that the neural device such 
as DBS will introduce a possibility of “brain hacking”. In spite of this risk, 
neural devices are not created with security as yet. We will briefly consider 
neurosecurity as well as neuroethics in this article.

Our Investigation on the Ef fects and Safety of DBS for 
Psychiatric Disorders

We researched the effects and safety of DBS therapies for psychiatric disorders 
under NEDO International Research Project in 2007–2008.6 We investigated 
1) the safety of DBS electrodes, 2) the safety of DBS procedures for psychiatric 
purpose, 3) the role of clinical coordinators who mediate between patients 
(or end users) and DBS clinicians, 4) the social concerns about personality 
changes/brain plasticity, 5) lessons from the past: re-examination of ethical 
debates of prefrontal lobotomy, 6) possible use for the purpose of brain 
enhancement, 7) end users’ expectations and fears towards brain stimulation, 
and 8) a comparison of DBS with electroconvulsive therapy. The main focus 
of the project was to determine the critical issues of brain stimulation techno-
logies as psychiatric treatment in the Japanese clinical scene.
 Research methods were 1) interviews with researchers at academic institutes 
that are engaged in developing DBS electrodes, 2) interviews with physicians, 
neurologists, neuroscientists who are involved in DBS therapy, 3) interviews 
with patients who underwent DBS, 4) interviews with coordinators who 
mediate between patients and physicians, and 5) a survey of the literature 
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— academic articles, government documents, and other records — both in 
Japan and the USA.
 The hospitals visited, and people interviewed are the following: 1) Mayo 
Clinic: Jacksonville (Dr. R.E. Wharen, M.D., Dr. R.J. Uitti, M.D.), 2) Emory 
University; Atlanta (Dr. H.S. Mayberg, M.D., FRCPC, Dr. R.E. Gross, M.D., 
Ph.D., Dr. M.R. Delong, M.D., Dr. T. Wichmann, M.D.), 3) Cleveland 
Clinic: Ohio (D. Malone M.D., C. Kubu Ph.D., J. Vitek M.D., Ph.D., M. 
Deogaonkar M.D., K. Wilson RN, A. Machado M.D., Ph.D.), Dr. A. Rezai 
M.D., 4) Mayo Clinic: Rochester, Minnesota (S. Sampson, M.D., K.H. Lee, 
M.D., Ph.D., 5) University of Minnesota (A. Abosch, M.D., Ph.D.), 6) 4 DBS 
patients (Mr. J.H., Mr. J.W., Ms. J.H., Mr. S.T.), 7) University of Tuebingen; 
Germany (M. Tatagiba, M.D., Ph.D., Dr. M. Synofzik, Dr. A. Gharabaghi, 
Dr. R. Kügen, Dr. S. Breit, Dr. C. Plewina, 8) University of Bonn — Medical 
Center; Germany (Dr. med. T.E. Schläpfer, H. Walter, Dr. med.) 9) University 
Hospital of Créteil; France (Dr. P. Cesaro).

Key Results: In Brief

Safety of DBS Electrodes

The electrodes in DBS used were manufactured by Medtronic Inc., as these 
were the only ones with official approval.7 The electrodes implanted over 10 
years ago were still working,8 which represented a long follow-up period. The 
early versions suffered from lead breakages; however, the latest version of the 
device does not have this problem. Several of the investigators were interested 
in research to improve the electrodes. Improvements suggested included making 
the device smaller and batteries that last longer.
 Complications of the DBS surgery were a low incidence of bleeding (1–3%) 
and infection. Some patients became apathetic or had hallucinations after 
the operation, but these effects could be largely controlled by adjusting the 
stimulation parameters and/or the use of dopaminergic drugs.

Clinical Trial Supporting Team and the Patient Selection Criteria

Coordinated multidisciplinary teams were constructed with neurosurgeons, 
neurologists, specialist nurses, and administrative staff to schedule procedures 
and appointments. The programmer was usually a specially trained nurse. They 
had a group discussion after a patient had been seen to decide whether or 
not the patient would be offered DBS. For psychiatric diseases, psychiatrists 
established the conditions for surgery, and the DBS surgery group alone never 
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decided which patient would get the device. By a group discussion in the 
supporting team, many failures resulting from the misuse of this technique 
could be avoided. This is a very important ethical aspect in this issue.
 Research studies required Institutional Review Board (IRB) approval; these 
boards included a broad range of people, including physicians, nurses, lay 
people, lawyers, ministers and members of humanities departments at the same 
institution. Board members checked the research from various perspectives.
 The patient selection criteria were stringent and included very severe illness 
and failure of all other possible treatments, including different antidepressant 
treatments and electroconvulsive therapy (ECT).9–11

Informed Consent

The doctors in the USA and Germany considered that a diagnosis of a neuro-
logical or neuropsychiatric disorder does not mean that patients necessarily 
relinquish their decision-making capacity and they are usually competent to 
give informed consent.12 In France, however, according to the severity of the 
disease or the psychiatric status, a legal representative may be able to make 
the decision about whether to accept a treatment. In both cases, support from 
the patient’s family was considered important.
 The procedure was discussed with patients before the operation to ensure 
that they fully understood the benefits and risks of DBS before giving their 
consent. Patients often have high expectations; however, they need to be in-
formed that DBS is not a cure, but simply a means of reducing the severity 
of their disease, and that it is an invasive procedure with attendant risks. They 
should also understand that the process is a research study and not clinical 
care, as it is unknown if this procedure is either safe or effective.

Possibility of Affecting Personality

The patient should be informed about the probable adverse effects, containing 
“affect personality”. There was little definite information on whether persona-
lity changes might occur after DBS. Some doctors mentioned that it was not 
easy to know what a patient’s baseline personality was. They were not aware 
of any significant psychological effects, though there was some anecdotal evi-
dence of changes. If something happened, switching off the stimulator might 
restore the pre-operative state. This is an advantage of DBS which is reversible.
 It is debatable whether these effects, especially on personality, can be consi-
dered entirely bad. Some people would say that DBS treatment for psychiatry 
is similar to prefrontal lobotomy as described below. The potential for change 
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in personality may be used as an argument against the treatment of psychiatric 
disorders with DBS. If an intervention affects the brain, the personality may 
be changed. This is true for any intervention on the brain. If the personality 
is changed, doesn’t he/she have the same capacity to make decisions as he/
she had before the intervention? The real question may not be whether DBS 
affects personality, but whether it affects the personality in a good way or a 
bad way.13, 14

Lessons from the Past Experience with Prefrontal Lobotomy

Past experience with lobotomy reveals that many issues regarding this proce-
dure need to be resolved. A lobotomy is a neurosurgical procedure, a form 
of psychosurgery. It consists of cutting the connections to and from the pre-
frontal cortex. These procedures result in major personality changes beyond 
what is desired, and can cause severe mental disabilities. Lobotomies were 
used mainly from the 1930s to 1950s to treat a wide range of severe mental 
illnesses.15

 Although a lobotomy has some benefits, it has been used on a massive scale 
without any defined criteria. The lobotomy studies that have been performed 
were poorly designed.16 Thus, programs using new techniques must be per-
formed systematically using very well defined ethical boundaries in association 
with bioethics and internal and external oversight. Consequently, the basic 
ethical principles were applied in a DBS program: any intervention should 
benefit the patient; the patient should not be harmed; and the doctor should 
act according to the patient’s will.17

 Lobotomy also provides a case study of the relationship between science, 
the media, and the public. People have a right to know what is going on in 
science, and it is important to inform them responsibly and accurately and 
without misleading them.18

Current Status of DBS for Neuropsychiatric Disorders

On the use of DBS, the first reports on Tourette Syndrome (TS) and obsessive 
compulsive disorder (OCD), were published in 1999 and on severe depression 
in 2005. The field of DBS for neuropsychiatric disorders is moving rapidly.19

DBS Approved for Obsessive Compulsive Disorder (OCD)

OCD is an anxiety disorder characterized by intrusive thoughts, by repetitive 
behaviours, or by a combination of such thoughts (obsessions) and behaviours 
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(compulsions). Repetitive behaviours such as hand-washing, counting, checking, 
or cleaning are often performed with the hope of preventing obsessive thoughts 
or making them go away.
 In February 2009, Medtronic Reclaim DBS Therapy for OCD was approved 
by The Food and Drug Administration (FDA), USA, under a Humanitarian 
Device Exemption (HDE) for people with chronic, severe OCD. HDE is a 
device approval method that is intended to benefit patients by treating or 
diagnosing a disease or condition that affects fewer than 4,000 individuals 
in the USA per year. Combined long-term results of studies looking at DBS 
for OCD found clinically symptom reductions and functional improvement 
in nearly two-thirds of 26 patients with severe OCD, with a majority of the 
patients moving from severe ratings to mild or moderate ratings at various 
post-implantation follow-up times.20 Using DBS for OCD is the first time 
DBS has been approved as a therapy for a psychological disorder. Following 
this announcement, DBS also received CE (Conformite Europeene) Mark 
approval for the treatment of severe OCD in July 2009.

DBS for Tourette Syndrome (TS)

TS is an neuropsychiatric disorder with onset in childhood. It is characterized 
by the presence of multiple motor tics, and is most often associated with the 
exclamation of obscene words or socially inappropriate remarks. The exact 
cause of TS is unknown, but it is well established that both genetic and envi-
ronmental factors are involved. It is estimated that two million Americans are 
affected by TS.
 The study in long-term outcome on tics, behavioural symptoms, and cogni-
tive functions in the largest case series of DBS for TS was published in 2009. 
15 of the original 18 patients were followed and tested for two years after DBS, 
and it was found that the patients experienced 52% fewer tics on average.21

 A Japanese research group in Nagoya University has started to examine that 
DBS improves the involuntary movement of the patients with TS and does not 
affect the cognitive and emotional function, as a clinical trial in May 2011.22

Effects of DBS on Severe Depression

Depression is the most common of all psychiatric disorders and ranks among 
the top disease burdens worldwide. Studies show an estimated 9.5% of the 
population suffers from a depressive order each year.23 Most people who suffer 
from depression can be treated with antidepressant medication, psychotherapy 
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or electroconvulsive therapy. However, approximately 20% of patients do not 
respond to these interventions.
 DBS on subgenual cingulate (Cg25) was first used in an initial pilot study 
of six patients with refractory depression in Toronto, Canada on 2003.9 Cg25 
is an area previously identified as playing a critical role in modulating sadness 
and negative mood. The Toronto team hypothesised to retune the abnormally 
functioning circuit by way of DBS. As a result, chronic stimulation was asso-
ciated with a striking and sustained remission of depression in four of six 
patients. Recently, the initial series of six patients was eventually expanded to 
20, suggesting response rates of about 60%.24

 Over five years, no side effects have been observed in patients treated for 
depression with DBS in Cg25, while DBS-implanted Parkinson’s disease pa-
tients may have problems with swallowing, gambling and dementia and there 
may be an increased suicide rate.25 It is speculated that Cg25 area has less 
signal traffic between nerve cells than the area required for DBS in Parkinson’s 
disease patients.26

Manufacturer-Supported Research

There was concern that research on DBS was compromised because it was 
largely funded by the manufacturer of the device used. Now two large clinical 
trials to improve depression symptoms with DBS are ongoing, funded by 
Medtronic Inc. Each study targets different brain areas. Another Medtronic-
supported pilot study in depression is running in the University of Bonn, 
Germany, in 12 patients. Medtronic Inc. is also funding a clinical trial in 110 
patients with epilepsy at 17 USA study sites.
 Meanwhile, St. Jude Medical Inc., which is starting to manufacture the 
stimulator, is supporting a clinical trial in 100 patients with refractory 
depression.27

 A manufacturer can influence the type of research performed and the 
decision of which results should be published. In USA and Germany, public 
funding agencies do not fund such research because they regard it as being 
in the industry’s interest and should therefore be funded by the industry.6 

However, it should be emphasised that the scientific work on DBS is not 
controlled by the industry. At least, there is clearly a very important role for 
public funding agencies in supervising these researches.
 The manufacturers believe that the DBS market for depression can generate 
greater returns compared to the returns from other neuropsychiatric disorders. 
Medtronic Inc. aims to have DBS for treatment resistant depression approved 
by the FDA in 2013.
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The Total Number of Neuropsychiatric Cases Implanted Worldwide 
is Unknown

On a PubMed search, 225 articles of DBS were published on patients with 
psychiatric conditions by 2008.19 26 of these publications present clinical out-
come data on primary psychiatric patients implanted with DBS, corresponding 
to about 124 individuals — 50 with OCD, 35 with TS, and 39 with severe 
depression.
 The total number of neuropsychiatric cases implanted worldwide not cap-
tured in published reports is unknown. As is true of off-label prescribing of 
psychotropic medications, there is no requirement to report neurosurgical 
experience for indications not cleared by FDA. Researchers called for a registry 
of all DBS studies to make sure that all cases get proper follow-up procedures 
to learn what does and does not work.26

DBS to Treat Alzheimer ʼs Disease (AD)

An Accidental Discovery

Some 23 million worldwide suffer from AD, and these numbers are expected 
to reach over 100 million by the year 2050. And 40% of patients will require 
high-level care.28 In 2008, Prof. Lozano’s team in Toronto, Canada, reported 
that a 50-year-old obese patient who was undergoing hypothalamic DBS to sup-
press appetite unexpectedly evoked a sense of déjà vu and detailed personal 
memories.29

 The discovery was surprising because the hypothalamus is not usually asso-
ciated with memory. But the parts of the hypothalamus that were stimulated 
are estimated to be close to the fornix, an arched bundle of fibres that carries 
signals within the limbic system, which is involved in memory and emotions. 
Finally, they concluded that just as DBS can influence motor and limbic 
circuits, it may be possible to apply DBS to modulate memory function and 
gain a better understanding of the neural substrates of memory.

Clinical Trial in DBS to Treat Alzheimer’s Disease (AD)

Six participants (two female, four male) were recruited for this pilot study. 
Their inclusion criteria were men and women aged 40 to 80 years, who 
satisfied the diagnostic criteria for mild AD. The exclusion criteria were pre-
existing structural brain abnormalities (such as tumour or infarction) or other 
psychiatric diagnoses. The research team had started to apply this technique 
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in the first trial (Phase 1) of the treatment and in August 2010, they reported 
that the DBS therapy was safe and was able to alter brain metabolism.30

Informed Consent

The study was approved by the research ethics board (REB) of the University 
Health Network after an intense 18-month ethics review.31 Approval came on 
the basis that AD is a devastating sentence for families and patients, who 
usually die within nine years of a diagnosis. DBS for other conditions has 
been generally safe for the 80,000 people who have undergone it worldwide 
and, as noted, the procedure is reversible. REB monitored the progression of 
the study and required a report of the course of two patients at six months 
of stimulation before approving enrolment of the next four patients.
 In informed consent, the uncertainty of benefits and the potential for 
adverse effects were emphasized. Written informed consent was obtained from 
patients or surrogates who for these patients were spouses or children. In 
follow-up, some forgot they underwent the procedure and were surprised by the 
chest-embedded regulators. As a result, the team also worked with surrogates.

Results

Patients received continuous stimulation for 12 months. AD dampens glucose 
metabolism in the temporal and parietal regions, so the researchers used 
positron emission tomography (PET) to examine metabolism after DBS. 
Changes occurred within one month of starting stimulation, with metabolism 
going up in both the temporal and parietal areas. As a result, two patients 
deteriorated after a year of stimulation, two showed no change, while two 
improved. The average AD patient declines by three points per year, even 
with standard medications, which all six patients continued to take during the 
trial. The results suggest that of the six patients, three may have done better 
than if AD was allowed to run its course. The team has found no serious 
adverse effects.
 However, some critics such as the Standard measures, the Mini-Mental 
Exam32 and the AD Assessment Scale33 do not decrease linearly or regularly, 
so it is difficult to speculate how much decline the participants would have 
experienced without DBS. In addition, with no placebo control participants 
for comparison, the study was not able to clearly demonstrate cognitive effects.
 The study had a small sample size and was geared to determine safety 
rather than efficacy. The researchers are now planning a multicentre Phase 2 
trial and hope to find funding to test DBS in another 50 early AD patients.
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Initiation by the German Team to Employ DBS to Treat AD

The research team at the University of Cologne, Germany, is currently re-
cruiting participants suffering from mild to moderate Alzheimer’s disease 
to treat cognitive deficits.34 They plan DBS of the Nucleus basalis Meynert 
which is different from the target area considered by the Canadian team. 
In the following year, the patients will be closely monitored to examine the 
effects of DBS on their cognitive abilities.

Risk of Developing Dementia Following DBS in 
Parkinsonʼs Disease (PD) Patients

The clinical trial in DBS to treat Alzheimer’s disease has started as mentioned 
above, while risks of developing dementia following DBS in Parkinson’s disease 
patients were recently reported. Although the stimulated point in the brain 
for AD is certainly different from the target point for PD, we discuss here 
the problem of dementia as a matter of DBS on the whole.
 The most frequently reported cognitive side effect after DBS surgery for 
PD patients appears to be a decline in verbal fluency. Older age and moderate 
cognitive impairment prior to surgery may be associated with greater risk 
of developing cognitive deficits, although this has not been unequivocally 
demonstrated. Therefore, pre-existing dementia is currently a contraindication 
to DBS surgery.
 Unfortunately, little is known about potential cognitive risk factors for 
patients undergoing DBS, and only a few studies have examined the role of 
stimulation on cognitive performance.35 Recently, researchers in Baylor College 
of Medicine, Houston, USA, published the result of the cognitive outcome six 
months after DBS for the treatment of PD using a disease control group.36 
23 patients who underwent DBS were compared with 28 medically treated 
patients with PD at baseline. Their findings demonstrated that patients who 
underwent DBS demonstrated a significant decline in verbal memory com-
pared with the control group.
 Cognitive decline in PD influences daily function, safety, and long-term 
management, even though DBS is a successful therapy for motor symptoms. 
Patients with PD and dementia require increasing care over time and living 
with DBS can get complicated. Hence, several nursing homes have denied 
admission to such patients in the past. Since it is still possible that patients 
with PD and dementia could benefit from DBS, patients should not be dis-
qualified from receiving DBS without substantial evidence.
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 The complexity of these decisions requires a meticulous approach that can 
guide the emerging field of DBS towards enhanced protection of patients, 
improved informed consent procedures, and superior standard practices for 
patients with dementia.37 At present, potential candidates should be counselled 
about the risk of mild cognitive declines following DBS to take into consi-
deration the risks and benefits of surgery.

Neurosecurity for Neural Devices

Neural devices are innovating at an extremely rapid rate and hold tremendous 
promise for the future. As neural devices become more complicated and go 
wireless, the risks of brain hacking should be taken seriously. What would 
happen if someone focused their wicked energy on neural devices, such as the 
deep brain stimulators? Neurosecurity was advocated by the computer science 
team at University of Washington, Seattle, USA.38

 There are already examples for using computers to cause neurological harm. 
In November 2007 and March 2008, individuals placed flashing animations 
on some epilepsy support websites causing seizures in some photo-sensitive 
patients.39, 40 These separate occasions reveal that people may and can try to 
compromise people’s health using computers.
 Today’s devices are not susceptible to attack, however, as future DBS be-
come more technologically capable, neurosecurity will become a more pressing 
issue. For example, hackers may attempt to programme DBS maliciously. By 
sending random signals, cell death or the formation of meaningless neural 
pathways may be led in the brain.
 If DBS are applied in the treatment of various psychiatric disorders, 
changes made by hackers could have irreversible effects on human performance 
and cognition. There is also a possible danger that one can observe the 
patient’s feelings and emotions from the outside through DBS devices and 
computers (a misuse of Brain-Computer Interface which takes information 
from the brain and externalises it).
 In order to avoid such problems, these potential security problems should 
be addressed/discussed before they become a reality. It is never too early to 
start thinking about security issues.

Overview of Enhancement

Over the last decade, human enhancement has grown into a major topic of 
debate in applied ethics. The rapid advances currently taking place in bio-
medical sciences and related technological areas make it clear that a lot more 
will become possible.41 This brings up questions such as: “Is DBS acceptable 
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for the cognitive enhancement of normal healthy people?”, “What lies behind 
the idea of an enhanced — human being?” and “What does perfectibility of 
human beings mean?”42

 Whether brain enhancement is right or wrong, or correct or incorrect, it 
is an old argument that has been thoroughly aired. Humans are always going 
to enhance themselves because it is part of being human. Everybody needs a 
competitive edge. People need to work harder, sleep less, be more productive; 
if you’re smarter, maybe you will get a better job and make more money. 
Elderly people might want to enhance the brain by allowing it to function 
like a young, healthy brain. The military may use neural engineering to 
allow combat personnel to function at a higher level than the average human 
capabilities.43, 44

 It was suggested that the important thing is to start thinking about where 
the discussion on this topic should be focused. Enhancement cannot be con-
sidered simply in broad population terms because it is too big a subject and 
humans are going to invent everything that is possible to improve the human 
condition.
 Enhancement can be considered in different sectors of the population, 
categorized by age (e.g., children, adolescents, healthy 20- to 30-year-olds, 
and 70- to 80-year-olds), culture, gender, or ethnicity. The question of what is 
right and what is wrong is closely related to what group of people and what 
kind of enhancement is being considered.
 Another variable that needs to be looked at is the method used for enhance-
ment. The level of risk that a person is willing to accept for the purpose of 
enhancement is an important factor, and cultural or contextual considerations 
will also affect the acceptability of DBS and any other form of enhancement. 
For brain devices, there is also a distinction between those that are placed on 
the surface and those that are actually inserted into the brain — temporary 
versus permanent treatments.
 The unrestricted freedom of some may endanger the health and safety of 
others. There could be conflict between the personal freedom to use one’s 
economic resources to get an implant that will enhance one’s physical and 
mental capabilities and what society at large considers desirable or ethically 
acceptable. The benefits and risks have to be considered from both the social 
and the personal aspects. First, there is a question of what is available medically 
and what society accepts, and then comes the individual choice.45

Overview of Ethical Issues

The implantation of a device in the brain for health purposes should be 
governed by the following principles: a) the objective is important, like saving 
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lives, restoring health or improving the quality of life; b) the implant is neces-
sary to achieve this objective; and, c) there is no other less invasive and more 
cost-effective method of achieving the objective.46

 The safety of patients is always the prime issue in DBS therapy. DBS 
directly changes the brain activity in a controlled manner; however, its under-
lying principles and mechanisms remain unclear. Moreover, the target area in 
the brain for severe depression and the long-term effects of the surgery still 
need to be clarified.
 The basic constituents and the prerequisites for the application of the pre-
cautionary principle are existence of a risk, possibility of harm, and scientific 
uncertainty concerning the realization of this harm.45 Having invoked the pre-
cautionary principle, the risk manager has to decide on precautionary actions 
that are proportionate to the potential harm being mitigated and which do 
not attempt to create “zero risk” situations. The risk management actions 
should be aimed at identifying the “acceptable risk” threshold with regard to 
the values at stake.47,48

 To fulfil an informed consent in clinical trials, the patient is required to 
provide evidence of cognitively understanding of what the procedure is being 
done for. They need to understand the risks of the procedure and their rights 
as a patient to withdraw consent for participating in the study. Especially in 
clinical trials of brain research, the researchers should explain that there is the 
possibility of damaging bodily or psychic functions. In DBS, patients need to 
be informed that this procedure is not a cure, but simply a means of reducing 
the severity of the disease.49, 50

 A patient with depression may not feel that they have the option not to 
undergo a procedure because they have already taken 12 antidepressant medi-
cations and had 10 rounds of electroconvulsive therapy, and their life is not 
good. Is truly informed consent ever given in a situation such as this? There 
is also concern about the informed consent process for DBS in psychiatric 
treatment, which normally uses risks for PD surgery.6 There is not enough 
data on the true risk of the use of DBS in psychiatric treatment, therefore the 
risk may be overestimated or underestimated. These facts suggest that a system 
enabling consent by surrogates might be considered for severely depressed or 
demented patients.
 When considering the use of DBS for depression, it is important to be 
aware that the patients are likely to be a lot younger — and therefore have a 
longer potential remaining lifespan — than those receiving DBS for conditions 
such as AD or PD. Failure of a treatment for depression may lead to an acute 
suicidal tendency and a medical emergency, whereas failure in AD or PD is not 
a life-threatening problem.
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 Another potential problem in the current era is the important conflict 
of interest issue. Each researcher has potential conflicts of interest that can 
impinge upon patients’ rights. The surgical treatment of psychiatric diseases 
is a very big topic at the moment. It is a competitive area, and academic re-
searchers are concerned with the race to publish, invitations to seminars, and 
so on. The conflict of interest is always assessed whether the individual has 
any monetary gain from the proposed project. However, gains are obtained 
from talks and awards. The possibilities of fame and career advancement as 
well as financial matters, should be included items to check by the Conflict of 
Interest Board. Also I already mentioned in previous part about the potential 
conflict of interest in the situation where research is funded by private com-
panies. There should be rules in place that prevent such companies from 
suppressing any findings from the research, even negative findings.
 In China, a neurosurgeon has started to use lesioning for treating heroin 
addiction. This is an area about which no information is available in the lite-
rature. The World Psychiatric Association already informed China to cease 
because of the ethical issues raised.6 There is no shortage of animal data sup-
porting the role of the nucleus accumbens in addiction. Does this mean that 
heroin-dependent patients should start having DBS in the nucleus accumbens?
 There might be a scenario in which DBS becomes available in an appro-
priate way for addiction. This raises questions of social values being placed 
on this technology and how it is applied. There could be a very paternalistic 
use, against the individual’s will; in a prison system, for example, it could be 
an alternative to going to prison. A person wanting a job may find there is 
an option of treatment, perhaps with coercion by certain doctors, and come 
to believe that this treatment option is one way to improve the prospect of 
employment. Thus, hypothetically, an application to conditions like addiction 
could potentially arise.

Conclusion

The application of DBS is expanding from PD to various psychiatric disorders 
including AD, obesity and addiction. There will be the pressures to transfer 
potential therapies into the clinical environment, especially in the commercial 
sector, even when they are only at the “promising” stage, and possibly before 
they are actually ready. Despite the advantages of DBS, such as the possibility 
to remove or regulate brain stimulation devices if necessary, some scientists 
are warning about the pace of DBS research, which is accelerating and may 
progress too fast. The day when DBS will be more widely available for clinical 
use is not far off. DBS therapies for psychiatric disorders and other incurable 
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diseases should be introduced in a proper manner. Each application needs a 
detailed, case-specific ethical analysis based on the criteria of beneficence, harm 
and autonomy.
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