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[ Abstract])

issues. The treatment strategy lies in two aspects, promoting detoxification and preventing relapse. The

Drug addiction is a serious problem all over the world involving both medical and social

latter is the key for successful treatment. Although surgical measures, like stereotactic ablation of nucleus
accumbens (NAc), had already been proven to be effective for relapse prevention clinically, the application
was restricted because of the damage to brain tissues. Deep brain stimulation (DBS), which had been
successfully applied in movement disorders, was recently performed in addiction studies on both animals
and humankind. Among numbers of brain areas related to addiction, NAc is the hottest target studied and
may bring better clinical effect. In addition, combining stimulation of multiple brain targets is currently
performed for relapse prevention. The mechanism of DBS for treatment of addiction remains unclear right
now, however, DBS may be an experimental method to treat refractory addictive patients. Certainly, lots of
problems need to be solved in large sample study before the wide application of DBS for addiction
treatment, such as the setting of stimulation parameters, recognition of objective treatment feedback and
ethical issues.

[Key words] Drug addiction (not in MeSH); Deep brain stimulation; Review
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Table 1. Animal studies of DBS for the treatment of drug addiction (2007-2015)

Study Model Substance Target Lateral Fre?ﬁl;nw Result
Levy, et al * (2007) Self-administration ~ Cocaine ~ LH/mPFC Bilateral 20/100  Drug seeking behavior was reduced

Vassoler, et al ™' (2008) Self-administration/ ~ Cocaine  DS/NAc shell Bilateral 160 The reinforcement effect of cocaine was reduced
reinstatement

Liu, et al "' (2008) CPP Morphine ~ NAc core Unilateral 130 The CPP time was reduced from 75.89% to 22.22%

Knapp, et al ™' (2009) Self-administration ~ Alcohol NAc shell/core Bilateral 160 The consumption of alcohol was reduced

Henderson, et al ™ (2010)  Self-administration ~ Alcohol NAc shell Bilateral 140-150  The preference and consumption of alcohol were reduced

Friedman, et al " (2010)  Self-administration ~ Cocaine LHb Unilateral 10/100  Drug seeking behavior was enhanced by 10 Hz, no effect

by 100 Hz, reduced by combination of 10 and 100 Hz

Rouaud, et al ™ (2010) Self-administration/  Cocaine STN Bilateral 130 The reinforcement effect of cocaine and CPP time were
CPP reduced

Guo, et al ™" (2013) Self-administration ~ Heroin NAc core  Bilateral/unilateral 130 The cue-induced and heroin-induced reinforcement

effect were reduced both bilaterally and unilaterally

Wilden, et al ™ (2014) Self-administration  Alcohol NAc shell Unilateral 150 The consumption of alcohol was reduced

Hamilton, et al ™ (2015)  Self-administration ~ Cocaine NAc Unilateral 20/160  Drug seeking behavior was reduced by 36% and 48%,
respectively

Tangdu Hospital ** (2012)  Self-administration  Cocaine NAc Bilateral 130 The reinforcement of cocaine and drug seeking behavior

were both reduced

CPP, conditioned place preference, 5% {494 43 & fi 7 ; LH, lateral hypothalamus, T /il /MM X ; mPFC, medial prefrontal cortex, P4 ] fij 45 I 4
Jit ;s DS, dorsal striatum, I I SORAK s NAc, nucleus accumbens , Ik F#i#% ; LHD, lateral habenula, Ml 22 4% ; STN, subthalamic nucleus , F& ik JiE 4%
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Table 2. Clinical studies of DBS for the treatment of drug addiction (2007-2014)
Primary reasons for Follow-u Benefits/ st s
Study N Substance Target Electrode yreas Stimulating parameter oweup - related to
DBS time outcomes . .
stimulation
Kuhn, et al B 1 Alcohol Bilateral NAc ~ Medtronic  Anxiety disorders  Monopolor with 1-, 2—, IPG+; 12 months  Remission None
(2007) 3387 130 Hz, 90 s, 3.00-4.50 V
Miiller, et al 3 Alcohol Bilateral NAc ~ Medtronic  Alcohol addiction  Two patients bipolor with two 12 months 2 cessation  Transient
(2009) 3387 distal contracts activated 130 Hz, I remission  reversible
90 ps, 3.50/4.50 V; hypomania
One monopolor 0-, IPG +;
130 Hz, 90 s, 3.50/4.50 V
Kuhn, et al (Ex 10 Nicotine Bilateral/ Medtronic AD/OCD/TS Monopolar with 0-,1-, IPG +; Atleast 3 unaided Not available
(2009) unilateral through 3387 130/140/145 Hz, 90/180 s, 2 years cessation
ALIC to NAc 3.00-6.50 V (30%)
Mantione, et al = 1 Nicotine Bilateral NAc  Medtronic 0CDh Monopolar with 2—, 3—-, IPG +; 2 years Cessation None
(2010) 3389 185 Hz, 90 ps, 3.50 V
Kuhn, et al 1 Alcohol Bilateral NAc~ Medtronic ~ Alcohol addiction  Not available 12 months  Cessation None
(2011) 3387
Zhou, et al k3 1 Heroin Bilateral NAc ~ Medtronic ~ Heroin addiction 145 Hz, 90 ps, 2.50 V with 6 years Cessation  Not available
(2011) 3387 stimulation in initial 2.50 years
Heldmann, 1 Alcohol Bilateral NAc ~ Medtronic ~ Alcohol addiction 130 Hz, 90 ps, 3.50 V Atleast  Cessation  Transient
etal " (2012) 3387 2 years reversible
hypomania
Valencia-Alfonso, 1 Heroin Bilateral through Medtronic ~ Heroin addiction ~ Bipolar 2, 3; 6 months  Remission Not available
etal” (2012) ALIC to NAc 3387 180 Hz, 90 ps, 3.50 V
Voges, et al 2y 5 Alcohol Bilateral NAc ~ Medtronic ~ Alcohol addiction  Bipolor with two distal contracts Atleast 2 cessation  Transient
(2013) 3387 activated 130 Hz, 90 ps, 4.50 V 2.50 years 3 remission reversible
hypomania
Kuhn, et al ** 2 Amphetamine  Bilateral NAc ~ Medtronic Amphetamine Monopolar with 0-, 1-, IPG +; 1 or2years Remission Not available
(2014) 3389 addiction 145 Hz, 120 ps, 5 V
Monopolar with 0-, 1-, 2—, IPG +;
130 Hz, 90 ps, 4.50 V
Tangdu Hospital 2 Heroin Bilateral NAc ~ Medtronic  Heroin addiction ~ Monopolar with 0-, 4-, IPG +; Till now  1relapse  Transient
(2011) 3387 145 Hz, 120 ps, 3.50 V 1 remission  reversible
hypomania
Tangdu Hospital 8 Heroin  Bilateral through SceneRay  Heroin addiction ~ Stimulation of dual brain regions, ~ Tillnow 1 relapse  Transient
(2014) ALIC to NAc 1242 ALIC, 2-, 6, IPG+; 185 Hz, 1 was lost  reversible
150-210 ps, 2-3 V 6 cessation hypomania,
NAc, 0-,1-, 4-, 5-, IPG+; agitation

145 Hz,180-240 ps,2-3 V

+, anode, % ; -, cathode, A% . DBS, deep brain stimulation, 0 R 3 HE ) 3 R 5 NAc, nucleus accumbens, IR f& #% 5 ALIC, anterior limb of
internal capsule, NFEFTL; AD, Alzheimer’s disease , B ZK Z I R ; OCD, obsessive-compulsive disorders, # 38 JiF ; TS, Tourette’s syndrome , fill

YR IELE A AE ; IPG, implantable pulse generator, Jik i & 4= #
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Figure 1 MRI findings of combined stimulation on nucleus
accumbens and  anterior limb  of internal capsule.
Preoperative axial T\WI showed the planned locations of
electrode (green crosses indicate, Panel la). Postoperative
axial T/WI showed the locations of implanted electrode
(arrows indicate, Panel 1b). Preoperative coronal T,WI
revealed the planned paths of electrode (white and red dotted
lines indicate, Panel 1c). Postoperative coronal T,WI
revealed the paths of implanted electrode (arrows indicate,
Panel 1d).
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SR TI AR G T 1
secreted frizzled-related protein 1(SFRP1)
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fRBE#%  nucleus accumbens(NAc)
L 2 - -5 2 Bt - T 2 T i
L-prolyl-L-leucyl-glycinamide (PLG)

S 2% DX P o £ A AT
complex regional pain syndrome(CRPS)
A R AN L A A B R 1 R
embryonal tumor with abundant neuropil and true rosettes

(ETANTR)
JEM 4 FER  ventral pallidum(VP)
JEYEHIAZ  ventralis oralis anterior(Voa)
THLEAIE  Sjogren’s syndrome(SS)
FLER -2 K periodic acid-Schiff(PAS)
5IEH toxoplasma(TOX)
IS PELT AEPEME  solitary fibrous tumor(SFT)
RPN oligoclonal band(OB)
JUIG AN AR T pan cytokeratin(PCK)
] s BT e K
International League Against Epilepsy(ILAE)
[# Priz g BEA% 2% 25 Movement Disorder Society(MDS)
AT AR M cavernous sinus hemangioma( CSH)
LA MIUTRE % erythrocyte sedimentation rate( ESR)
Ja#BK i posterior subthalamic area( PSA)
WHEMERE  cyclophosphamide(CTX)
HIARA M ZE  luteinizing hormone( LH)
[F1 BT E] echo time(TE)
ILER  creatine(Cr)

<IN i -

WLER 6 creatine kinase(CK)
WLZE 45 M R WAL AE  amyotrophic lateral sclerosis(ALS)

Burke-Fahn-Marsden L7 J7 B fi 15 %
Burke-Fahn-Marsden Dystonia Rating Scale(BEMDRS)

WAL number of excitation(NEX)
BRI  spinal cord stimulation(SCS)
HHEAE 2 MRS A

subacute combined degeneration of the spinal cord

(scp)
THRIL X planning target volume(PTV)
2 W%  methotrexate( MTX)
LN MR IMFE  methylmalonic acidemia(MMA)
HIRE M a-fetoprotein( AFP)
i 53 B AR A O B

Mini-Mental State Examination( MMSE )
45 2 JL A C AR calcitonin gene-related peptide( CGRP)
KB RSN, sympathetic skin response(SSR)
T 4ERREE 11 glial fibrillary acidic protein( GFAP)
JAFE % pedunculopontine nucleus( PPN)
T B 52 4 R B e REWE AN R BE LG W)

mating type switching/sucrose non-fermenting(SWI/SNF)
I desmin(Des)
AL GHE  tuberous sclerosis complex(TSC)
HEATPEAZ BPERREE  progressive supranuclear palsy(PSP)
Z PR R transcranial sonography(TCS)
PREEVERIST  cervical dystonia(CD)
JEy kb PE R A B AR focal cortical dysplasia(FCD)
F AN EE  cytomegalovirus(CMV)



