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• Pharmacological Approaches 

• Behavioural Therapy
• Neurotechnology
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Neuroscience Developments

• Modern neuroscience has given rise to a range of possible treatments for 
addiction. Recent developments promise to improve the lived experience 
of those with an addiction by helping in abstinence and treatment efforts. 

• Over the years we have seen a drastic development in the types of 
neurotechnology marketed for the treatment of addiction. DBS and tDCS
have been proposed as emerging neurotechnology to treat addiction.

• Risks and benefits?
• Potential misuse or harm that might arise in particular 

situations?  
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Addiction 
Neuroethics

• An emerging field that 
“examines the neuroethical
challenges raised by 
neuroscience research on 
addiction, its potential 
applications in the treatment 
and prevention of addiction and 
the formulation of social policies 
toward drug use.” 

(Carter, Hall & Illes, 2012)

Neurotechnology 
targeting addiction

Transcranial direct 
current stimulation

Deep Brain Stimulation
• Neurosurgical intervention originally developed to treat 

intractable cases of neurological movement disorders 
(such as Parkinson’s disease) 

• Persons with PD who have failed to respond 
or who no longer respond to pharmacological 
treatments.

• OCD, depression and Tourette’s syndrome
• Trialed as a treatment for addiction

[Krack et al., 2010]

• Involves the insertion of microelectrodes into specific 
regions of the brain in order to modulate neural activity 
via electrical current 

[Carter et al, 2009]. 

• The premise is that DBS resolves an electrical 
imbalance at the level of the cortico-basal ganglia-
thalamocortical loop by inactivating the target area 

[Stelten et al 2008]
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In what context has 
DBS been proposed 
to treat addiction?

Case 
studies of 
DBS use 
for 
addiction

Woman successfully treated for 
agoraphobia by bilaterial DBS of the 
Nacc (which also ameliorated her 
comorbid alcohol dependence) (Kuhn 
et al., 2007).

3 of 10 people were treated for 
Tourette’s syndrome, OCD or anxiety by 
means of DBS of the Nacc- these three 
reported smoking cessation (Kuhn et 
al., 2009).

Treatment –refractory OCD quit 
smoking after receiving DBS of the Nacc 
[however these changes took place 10 
months after her DBS treatment]

DBS Leading to Smoking Cessation
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Improvement in craving for alcohol after DBS

Lesioning of nucleus accumbens reduces opioid addiction
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DBS Concerns

• Application of DBS to addiction not obvious
• Still identifying the neural circuitry 
• Not certain of its neural and neurochemical effects

• Safety concerns
• Infections
• Could cause psychological, emotional & behavioural

disturbances

• Not enough justification for use of DBS in addiction 
• Pharmacological and psychotherapeutic remedies exist 

that are not as invasive and have been proven effective
• Doesn’t warrant such procedures when benefits are 

unknown and might not outweigh the harms.
• Extremely expensive procedure ($50,000 US) with 

($10,000 – ongoing maintenance every few years. 
(Bell et al., 2009; Carter & Hall, 2011; Carter et al., 2011)

Transcranial 
Direct 

Current 
Stimulation 

(tDCS)

• tDCS is a non-invasive form of 
neurostimulation that delivers a low electric 
current via an anode and cathode placed on 
the scalp. 

(Salling & Martinez, 2016)

• Electrical current penetrates the skull and 
modulates brain activity by: 

i. Changing the resting membrane 
potential of the neurons (altering the 
baseline level of targeted neurons).

ii. Modulating synaptic activity in a 
manner similar to long-term 
potentiation (at the anode) and long-
term depression (at the cathode)

tDCS and 
Addiction

• Studies have investigated the effects of tDCS
on nicotine dependence, specifically on 
craving and nicotine cues.

• Results suggest that tDCS may 
reduce craving for nicotine (though 
not consistent) 

(Salling & Martinez, 2016)

• Studies show a less consistent effect on 
alcohol craving

• Mixed results – for some, tDCS was 
found to reduce cravings, but for 
others, there was no difference 

(Boggio et al, 2008; Klauss, et al, 2014)
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Ethical & 
Social 

Concerns

• Safety and efficacy aspects
• Compared to DBS, tDCS is reported 

to be extremely safe.

• Safety risks described are mild 
headaches and mid burning or 
itching sensation under the 
electrodes.

• Given the relative newness of these 
technologies, not much is known 
about the chronic long-term effects.

• Future studies may reveal 
unsuspected side effects that are 
more serious than those associated 
with traditional methods of 
addiction treatment. 

Questions 
to 

Consider
How cost effective are 

they?

Can these technologies 
be accessed by the 
population they are 
designed to help?
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Conclusions

Safety and efficacy concerns need to be 
validated before such technology can be 

released or made available on the market. 

It is important that these methods be 
developed and used in ways that take 
account of the social context in which 

addiction treatment is provided.

Neuroscience has the potential to provide 
novel methods for reducing addictive 

behaviour and the resulting harms. 


