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ABSTRACT

The saying once an addict always an addict is one that

many people believe is true, but this does not always have to be
the case. Drug addiction does not mean that your life is ruined,
or that you will always be an addict. If you have a problem
with drugs or alcohol you do not have to just learn to live with
the issue. Deep brain stimulation has been put forward as a
potential “cure” for intractable drug addiction. The history of
neurosurgical treatment for psychiatric disorders suggests that
we should be cautious in prematurely advocating invasive
neurosurgical procedures on the basis of such limited evidence.
Further research is required in people treated for other
neurological or psychiatric disorders before trials in addicted
populations can be justified. Localized stimulation of the
human brain to treat neuropsychiatric disorders has been in
place for over 20 years. Although these methods have been
used to a greater extent for mood and movement disorders,
recent work has explored brain stimulation methods as
potential treatments for addiction. The rationale behind
stimulation therapy in addiction involves re-establishing
normal brain function in target regions in an effort to dampen
addictive behaviors. In this review, rationale and studies
investigating brain stimulation in addiction including
transcranial magnetic stimulation and transcranial direct
current stimulation and deep brain stimulation are added.
Overall, these studies indicate that brain stimulation has an
acute effect on craving for drugs and alcohol, but few studies
have investigated the effect of brain stimulation on actual drug
and alcohol use or relapse. Stimulation therapies may achieve
their effect through direct or indirect modulation of brain
regions involved in addiction, either acutely or through plastic
changes in neuronal transmission. Our analysis of the literature
suggests that the NAc is currently the most promising DBS
target area for patients with treatment-refractory addiction. The
medial prefrontal cortex (mPFC) is another promising target,
but needs further exploration to establish its suitability for
clinical purposes. We conclude the review with a discussion on
translational issues in DBS research, medical ethical
considerations and recommendations for clinical trials with
DBS in patients with addiction.
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INTRODUCTION

Deep brain stimulation (DBS) is a neurosurgical
intervention in which implanted electrodes deliver electrical
pulses to stereotactically targeted areas of the brain. It has been
used as treatment for movement disorders for over 20
yearsl and has recently shown promising results as
experimental treatment of psychiatric disorders such as
obsessive—compulsive disorder (OCD), Tourette syndrome and
depressive disorder” A wide range of other possible applications
for DBS have been suggested over the last years®” >—one of
which is addiction. The reasons to consider DBS as an
intervention for addiction are threefold. (1) Preclinical studies
and case studies have reported promising results for DBS as a
treatment for addiction. ’ (2) The recent understanding of neural
pathways that are affected in addiction has created a new range
of possibilities for treatments that directly target and normalize
affected brain circuits. And (3) new effective interventions are
needed for patients who do not benefit from current treatments,
since addiction is a chronic relapsing brain disorder seriously
affecting both individual and public health.'> A substantial
numbers of patients suffer multiple relapses and show a chronic
course of the disorder despite several treatments: abstinence
gltes after 1 year of completing treatment are about 30—-50%. '

A well-documented rationale for the choice of the
target area in the brain is required in order to investigate the
effectiveness, safety and feasibility of DBS in treatment-
refractory addiction®. Therefore, the objective of this review is
to find the most promising target area for DBS in addiction.
Original published reports on empirical studies about DBS in
addiction in humans were considered’. In the first step, a search
was conducted using various terms for ‘addiction’ and ‘deep
brain stimulation’. In the second step, the reference lists of all
papers from the first step were screened for additional articles
fitting the inclusion criteria.

Transcranial Magnetic Stimulation

CASE FOR CAUTION

Addiction does not usually follow an inexorable path to
severe disability and death; it is generally more amenable
to pharmacological and psychotherapeutic treatment, so
drastic remedies are less justifiable'’. In fact, many of the
failures of addiction treatment are due to inadequate access
to well-run and optimally provided forms of existing
treatments; a situation that could be exacerbated by an
increased use of deep brain stimulation to treat drug
addiction.
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2. The history of neurosurgical treatment in psychiatry
cautions against uncritically accepting “positive results” from
uncontrolled and often selectively reported clinical case series.
Deep brain stimulation has also been reported
to induce addictive behavior in some cases " And while
ablative neurosurgery for heroin addiction reduced drug use in
some patients in the short term, subsequent long-term follow-
up found that it carried significant side effects and was not as
effective as first thought.

3. Deep brain stimulation is often described as a “reversible”
alternative to neurosurgery, but it is nonetheless an invasive
intervention that carries significant risks “: Insertion of
stimulating electrodes can cause serious infections and produce
cognitive, behavioral, and emotional disturbances "*! It can
also produce irreversible psychosocial changes that can be
harmful.

4. Deep brain stimulation for addiction is an expensive form of
treatment for addictive disorders where access to existing
treatment remains poor. Inability to pay for treatment and
stigmatization often discourage addicted persons from seeking
treatment.

II1. DISCUSSION

As of today, there are no published randomized
controlled trials on the effect of DBS in alcohol- or drug-
dependent patients. The available clinical evidence is
restricted to 11 case reports or case series. In these studies,
two target areas have been used: the NAc and the STN Five
reports described the NAc as target area for DBS—three
reported on the remission of addiction as a non-intended side
effect of DBS during the treatment another psychiatric
disorder” .In two studies the indication for DBS was
addiction."" We found six reports that described the effects of
STN DBS on addiction; in all these studies the indication for
DBS was Parkinson's disease. Here, we provide a summary of
these case studies.

NAc

The first study that examined the effects of NAc
DBS on addiction was a retrospective case series by Kuhn et
al.> ® They found that 3 out of 10 patients treated with high-
frequency NAc DBS (five bilateral and five unilateral) for
different disorders (for example, depression, OCD) stopped
smoking; a much higher quit rate than unaided smoking
cessation in the general population. Successful quitters were
less addicted, more motivated to quit and were stimulated at
higher mean voltages than non-attempters. DBS had a
negligible effect on the anxiety symptoms, but rapidly and
drastically reduced alcohol consumption without any
particular motivation. The patient claimed to have lost the
desire to drink and felt no longer a pressing need to consume
alcohol. Finally, Zhou et al.'® described a patient addicted to
heroin who refrained from drug use after bilateral, high-
frequency NAc DBS during follow-up period of 6 years in
total. The patient was 24 years old, had been using 1-1.5 g of
heroine for over 5 years and did not respond to any previous
interventions. Additionally, he decreased the number of
cigarettes he smoked from 40 a day before surgery to 10 a
day after surgery®. The NAc is the most frequently used target
area for addiction, and has consistently shown promising results
across human case studies and animal research. Therefore,
concluded that NAc DBS is currently the most promising
candidate target for therapy-refractory addiction'®.

STN

Finally, there are several reports in which high-
frequency STN DBS in patients with Parkinson's disease
either induced or reduced addictive behaviors. Some
Parkinson patients treated with dopamine replacement
therapy develop an addictive pattern of medication use called
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‘dopamine dysregulation syndrome’, which in turn is
associated with the onset of impulse control disorders.
Parkinson patients with dopamine dysregulation syndrome or
impulse control disorders were followed after STN DBS
treatment (18 bilateral and 1 unilateral).’ In a study, 19
Parkinson patients with dopamine dysregulation syndrome or
impulse control disorders were followed after STN DBS
treatment (18 bilateral and 1 unilateral).’ The study showed
mixed results: in a small proportion of these patients the
addictive behavior improved, whereas in the majority of the
patients the addictive behavior did not improve or even
worsened.3 Side effects of STN DBS reported in these case
studies were mild apathy (two patients7, emotional instability
and vivid dreaming (one patient)’. From these studies it is
difficult to deduce how STN DBS influences addictive behaviors
and what role adaptation of dopaminergic medication has in
it. However, we like to emphasize that no firm conclusions can
be drawn from uncontrolled case reports and case series. On the
basis of these cases, the NAc appears to be the most promising
and safe target for the use of DBS in patients with addictive
behaviors.

Magnetic

Electric current

Skull

Compare Brain Stimulation Different Techniques And
Application

Most promising is NAc

The precise mechanisms behind DBS are still a
matter of investigation and we can only speculate about the
mechanism of action of NAc DBS in the treatment of
addiction. Here, we elaborate on two plausible mechanisms.
First, NAc stimulation could normalize dysfunction in striatal
areas of which the NAc is an important part. Recent studies
show reduced striatal dopamine activity in individuals with
drug addiction that might be responsible for decreased
sensitivity to natural reinforces whereas long-lasting drug-
induced increases of dopamine are likely to activate the
reward circuits.4 This situation might strengthen the relative
salience of drugs over natural reinforces leading to fixed
motivational choices'’. NAc DBS might activate afferent and
efferent pathways leading to distant synaptic inhibitory and
excitatory effects, modulating dysfunctional neuronal
network activity. The first study suggested that stimulation of
the NAc shell can decrease dopamine and serotonin turnover
(measured as the metabolite-transmitter ratio's in post-
mortem tissue) locally, whereas stimulation of the NAc core
did not.
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Cases where DBS trial is justified

In accordance with Carter ef al.,” we would like to
emphasize that DBS for addiction can only be considered
when the highest medical ethical standards are applied. These
include careful patient selection, responsible publishing and
media reporting, and free and non-coerced choice to be
treated with DBS'!. For more detailed ethical guidelines, we
refer to previous papers.® " ¥ In DBS for addiction, patient
selection deserves special attention because of the serious
social and physical problems that often accompany chronic
alcohol or drug dependence. In the screening process,
patients will have to undergo careful physical examination
and laboratory testing to determine their fitness for anesthesia
and surgery. Furthermore, patients should be seriously
motivated and be able to keep their appointments since DBS
is an intensive procedure that requires extensive follow-up
and careful observations of symptoms and possible side
effects. DBS should, therefore, be restricted to chronically
addicted, treatment-refractory patients stable enough to
comply with an intensive period of treatment and research.
Lastly, patients should have (had) unrestricted and free of
charge access to alternative treatments, that is, DBS has to be
a free and non-coerced choice, which is important since
serious concerns have been expressed about some
neurosurgical lesion studies in addicted patients on these
issues.'®

For trials of deep brain stimulation to be justifiable in
patients with addiction, the following requirements need to be
met. First, there needs to be strong evidence that any
participants in such trials suffer from a severely debilitating
form of addiction that carries a high risk of morbidity or
premature death and that has not responded to adequate trials
of effective treatments. Second, there needs to be a reasonable
expectation that the intervention will improve the patients’
quality of life. This should include preclinical evidence of
likely benefit, evidence on the long-term effects of deep brain
stimulation on patients with other psychiatric conditions (e.g.,
OCD and depression), and a good theoretical basis for
stimulating the targeted brain region. Accordingly, we believe
that it would be premature to trial deep brain stimulation in the
treatment of addiction on the basis of available animal models,
the small number of selected case studies, and the evidence
from uncontrolled studies of neurosurgery for heroin addiction.
it has been outlined above the type of research in animals and
individuals required to make a case for undertaking trials of
deep brain stimulation in the future > We also support calls for
the creation of a register of all cases treated with deep brain
stimulation, as suggested recently °, to minimize the potential
of selective publication of good outcomes. However, even if
these conditions are met and deep brain stimulation proves to
be safe and effective in treating addiction, we suggest that the
high costs involved make it a lower priority for public funding
than trials of pharmacotherapy.
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