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Ethics of neurostimulation. 

Brain function can be modified by motor cortex stimulation, deep brain 
stimulation and TMS. The possibility of a brain/computer interface opens up 
further possibilities.  It is well established that deep brain stimulation can be 
profoundly effective in certain conditions such as advanced Parkinson’s disease, 
tremors, dystonia and pain.  Other indications are emerging such as depression, 
obsessive compulsive disorders, Tourette’s syndrome, epilepsy and even 
possibly dementia. 

DBS: Current State-of-the-art 

DBS was originally used in the 1950s in an experimental context to modify 
behaviour and psychiatric disease in the Tulane medical experiments(1). Its use 
in pain was the first largely used indication with large series emerging (over 100 
patients) over the following 20-30 years(2, 3). However, its prominence came 
about when it was used for movement disorders such as tremor and Parkinson’s 
disease, and to date, over 50,000 patients have been treated worldwide. Whilst 
its use in movement disorders is not associated with any particular ethical 
problems, patients undergoing such treatments, such as stimulation of the 
subthalamic nucleus (STN) can experience behavioural and psychiatric side-
effects such as altered mood, cognition and even marital discord(4). This is 
thought to be due to the connections of the anterior STN to limbic circuits. In 
addition to this, the procedure carries risks such as intra-cerebral haemorrhage, 
infection, hardware failure and end of battery life.  As stated in the Hippocratic 
oath, ‘primum non nocere’ ; It is a clinician’s main responsibility to cause no 
harm, benefit the patient and act according to the patients’ wishes. These ‘side-
effects’ can be difficult to predict and although patient selection is paramount, 
the risks are always present. 

 

Pain is an indication of DBS that may be associated with limbic changes. Pain 
patients are often desperate for a cure and in a sense are ‘vulnerable’ to a 
physicians’ opinion. Chronic pain is often associated with neuropsychological 
sequelae and dissecting the pain from the neuropsychological reaction to the 
pain can be difficult. In addition, the pain circuits are inextricably linked to limbic 
circuits such as those to the orbitofrontal cortex (associated with pleasure) as 
well as the anterior cingulate cortex (ACC). Indeed this latter area is now being 
targeted to treat chronic neuropathic pain.  

The ethical issues of DBS: Pyschiatric Disease and Neural Augmentation 

There is currently a huge expansion in both the numbers of patients treated with 
DBS as well as the number of different indications. We believe there are two 



major ethical issues with these phenomena. Firstly, emerging indications include 
psychiatric diseases such as major refractory depression, Tourette’s syndrome, 
OCD, and more recently, drug addiction(5-8). Whilst DBS is reversible (and 
therefore considered ‘safe’) it is currently being used to ‘normalise’ pathological 
behavioural states associated with these conditions. In the case of Tourette’s 
syndrome, this has been justified because of the motor tics associated with the 
disease. However, electrodes placed more anteriorly in the Globus Pallidus 
interna (GPi) not only have an effect on the motor aspects of the disease, but also 
the ‘psychiatric’ aspects. In the case of drug addiction, the application to a 
behavioural disorder is even more obvious. From the point of view of the 
treating clinician, the biggest ethical consideration is patient consent. For 
example, the patient has to recognise that there is a behavioural problem and be 
keen to ‘fix’ the problem. Whilst DBS is emerging for these indications, the main 
‘risk’ that proponents of DBS for these indications need to avoid is a return to the 
‘lobotomy days’ of Freeman in the 1950s and 1960s where procedures were 
being carried out without proper control of who was selected. The consequences 
of this were devastating for psychosurgery and probably put it back 50 years or 
more. Despite this, surgeons carrying out ‘pychosurgery’ in a controlled manner 
(e.g. cingulotomy for depression) recognise its very powerful and beneficial 
effect when used wisely.  

 

The second big ethical issue of DBS is that of neuroaugmentation. If DBS can be 
used to normalize pathological states (as evidenced by functional imaging in the 
case of, say, depression, where area Cg25 was found to be abnormally active on 
PET imaging(9)), can it be used to improve function? And what do we regard as a 
pathological state versus a normal state? For example, if DBS can be used to 
improve cognition, where do we draw the line at what is ‘reduced’ cognition? Is 
it a number on an IQ scale or is it ethical for a ‘normal’ person to enhance their 
memory with an implant? At one end of the scale is the latest foray into 
Alzheimer’s disease. Researchers in Canada have recently found that stimulating 
the mamillary bodies in patients with Alzheimer’s disease enhances their 
memory. In fact a large trial has begun to test this further and even a start-up 
company has been heavily invested in by one of the large device manufacturers 
(Functional Neuromodulation Ltd). It is becoming clear that stimulating areas of 
the brain can enhance cognitive function. Whether this stimulation is actually 
‘useful’ is another matter, but it is only a matter of time before the boundaries 
are blurred between using it for Alzheimer’s disease and in people who may not 
have a pathological ‘condition’ per se but have subnormal memory. If this 
pathway continues, would a time be envisaged where it would be a disadvantage 
not to have a brain-computer interface of this sort? Is this going to be beneficial 
to the human race? 

With the emergence of less invasive technologies such as Transcutaneous 
Magnetic Stimulation (TMS), altering brain function has become easier and 
cheaper. For example, TMS of the plFC can enhance verbal performance. These 
technologies may not be associated with the surgical risk of DBS but this in itself 
means that it is important that they are not used indiscriminately without proper 
consideration of the consequences. 



Deep Brain Stimulation for the Persistent Vegetative or Minimally 
Conscious State 

Traumatic brain injury or strokes can in a small number of cases result in 
patients who are in a vegetative state with no obvious perception of 
surroundings or any residual ability to communicate.  There have been studies to 
show that neurostimulation can lead to prolongation of survival and even a 
suggestion of inducing arousal(10).  There have been occasional reports of 
dramatic improvement but these cannot be separated from spontaneous 
recovery that might have happened without treatment. 

In recent times the number of studies on such patients seems to be on the 
increase and this may be led by the fact that better medical management is 
leading to more survivors of brain damage and also military interest in treating 
severely injured soldiers. 

A recent fMRI study in a patient in a persistent vegetative state revealed that he 
could ‘absorb suggestions’ to ‘imagine situations’ with fMRI evidence of 
activation of relevant areas of the brain.  Given this surprising finding it may be 
the case that a certain number of such patients are aware and conscious of their 
surroundings but through lack of communication are unable to engage in 
discussion of their treatment in any shape or form. 

Can one therefore offer any treatment without patient consent that may prolong 
life or heighten awareness of what must be an intolerable existence?  These 
people are so damaged that beyond that further recovery would be unlikely. 

Another scenario may well arise with the development of a brain-computer 
interface. 

Brain Computer Interface 

Using recorded brain signals to interact or control devices by thought alone is 
gradually edging towards reality(11).  The signals can be acquired invasively by 
surgically implanting arrays of electrodes over the surface of the brain or non-
invasively by skull caps fitted with electrodes to record EEGs.  There are several 
reports of using such signals to control cursors on a screen or even robotic arms.  
It is not beyond a possibility that signals recorded invasively or non-invasively 
will give severely disabled people a new life and in the case of possible PVS/MCS 
an ability to interact with their environment. The ethics of brain-computer 
interfaces has been discussed, and the main focus is on patient autonomy and 
responsibility(12). However, there is much research in the military (especially 
the US Department of Defense) looking at applications of such technologies to 
warfare, be it in the context of better communication between soldiers and 
commanders, implantable devices or the use of virtual reality on the battlefield 
to control weapons etc(13). 

Behavioural Modification 

There have been two major explorations in the field of DBS in the behavioural 
field. Active research programmes exist in the field of obesity, for example. It is 
thought that stimulation of the lateral hypothalamus, a satiety centre in the 



brain, may be able to treat obesity(14). This research is in its preliminary stages, 
but in effect represents a method of altering the desire to eat. Apart from the fact 
that this would alter behaviour (and effectively take the individual’s higher 
control of eating out of their control) it also represents an extreme and risky 
treatment for something that could be altered by more routine psychological 
measures such as cognitive behavioural therapy or even an increased awareness 
of the risks of obesity such as the campaigns associated with smoking risk and 
cancer and heart disease since the discovery of its dangers in the 1960s. Does 
DBS effectively reduce the individuals’ responsibility towards their behaviour 
rather than encouraging them to accept the responsibility? 

A second ‘behavioural’ therapy that has recently emerged is DBS for aggressive 
behaviour(15). This was borne out of DBS of the hypothalamus for epilepsy 
syndromes where it was found that patients who also had ‘aggression’ as part of 
their epilepsy syndrome improved. So, is it ethical to stimulate for aggression per 
se? If so, what about people with personality disorders or criminals who cannot 
help but repeatedly harm those around them? There is little doubt that some of 
the patients in Broadmoor have personality disorders that are harmful to both 
themselves and others and the big question is how much control do they have 
over their own actions? Recent evidence suggests that individuals with 
‘psychopathic’ personalities have differences in brain function as demonstrated 
with fMRI(16) and genetic abnormalities that may have led to their behavioural 
traits. This brings us to the fundamental question of how much control the 
individual has over his/her own behaviour. It also stimulates us to ask whether 
one individual has the authority to act on another to change these underlying 
behavioural traits. 

What is our responsibility as clinicians? 

Modern brain imaging techniques such as fMRI, MEG scans and classical animal 
experimentation have massively contributed to a better understanding of how 
the brain works.  These methodologies are leading to new indications in 
pathological and conceptually normal states. Whilst DBS for pathological motor 
states such as PD is well established and not associated with such important 
ethical issues, emerging psychiatric and behavioural indications throw up new 
ethical issues.  

Should we as neuroscientists and clinicians look at the ethics of 
neurostimulation?  We believe that now is a very important time to do so.  A 
significant number of neurosurgeons do believe that neuromodulation to 
enhance life, be it cognition, pleasure or motor function is ethical.  However, 
should the proponents of these technologies (who are obviously biased in 
promoting them) be the people who make these decisions? 

We believe that any ethical framework needs to consider a number of factors 
(figure 1). Firstly, is the treatment to correct a ‘pathological’ state that can be 
determined to be either anatomically or neurophysiologically abnormal? If so, 
the decision may be easier than ‘neuroaugmentation’ where there may be debate 
as to what is the normal ‘reference’ state. Secondly, we need to consider the 
individual in both their capacity to make the decision and consent to a 
procedure, but also in terms of their individual identity and ‘self’. For example, in 



the case of drug addiction or personality disorder, neuroaugmentation 
procedures may change the sense of self or personal identity.  

 
Fig 1. The ethical position of ‘Neural Augmentation’ amongst different states of the individual. At 
present, mainly practiced is Deep Brain Stimulation that changes the pathological state into the 
‘normal’ or near-normal i.e. the top left part of the diagram. In the future, it may be possible to 
move from ‘abnormal’ to normal but this has ethical dilemmas. There is an area of conflict 
between what is considered to be ‘abnormal’ and what is pathological. There is also an area of 
conflict between normal and ‘super-normal’. Any decision to ‘augment’ has to take into account 
the individual’s consent, understanding, and the risk of the procedure to that individual, both to 
his/her personality as well as physically. 

 

A final thought relates to neuroaugmentation. If an individual has no psychiatric 
disease or personality disorder, what sort of regulation or restriction should be 
in place to allow or prevent that individual from undergoing procedures to 
enhance mental processes. For example, an individual who wishes to have a 
higher IQ or a better memory in order to function at a higher level may feel that 
they have the right to undergo any procedure they wish. And what sort of 
pressures would this put on the rest of society in order to ‘keep up’? 
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