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Abstract
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Crack-cocaine dependence is a severe condition with a high mortality rate. We present here the first deep brain stimulation (DBS)
trial targeting the sub-thalamic nucleus (STN) for crack-cocaine dependence. Our aim was to assess the effects of STN-DBS on
cocaine craving and cocaine use, as well as STN-DBS safety and tolerance in this indication. In this pilot study, we performed double
blind cross-over trials, with “ON-DBS” versus “SHAM-DBS” one-month periods. Sub-thalamic nucleus DBS failed to reduce cocaine
craving and use. An episode of DBS-induced hypomania occurred after several weeks of cocaine intake at stimulation parameters
previously well tolerated. Future research in cocaine dependence should either be conducted after a prolonged abstinence period
or explore novel types of stimulation patterns.
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Title

A single case report of STN-DBS for severe crack-cocaine dependence: double-blind ON versus
SHAM randomized controlled assessment.

Abstract:

Crack-cocaine dependence is a severe condition with a high mortality rate. This single case study
report details the first deep brain stimulation (DBS) trial targeting the sub-thalamic nucleus (STN) for
crack-cocaine dependence. The investigation aimed to assess the effects of STN-DBS on cocaine
craving and cocaine use, as well as STN-DBS safety and tolerance in this indication. In this pilot study,
we performed double blind cross-over trials, with “ON-DBS” versus “SHAM-DBS” for one-month
periods. STN-DBS failed to reduce cocaine craving and use. An episode of DBS-induced hypomania
occurred after several weeks of cocaine intake at stimulation parameters previously well tolerated.
Future research on cocaine dependence should be conducted after a prolonged abstinence period
and/or explore novel types of stimulation patterns.

Keywords: Cocaine; deep brain stimulation; subthalamic nucleus; crack-cocaine; controlled clinical

trial.
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Introduction

Crack cocaine dependence increases mortality (1,2) and has significant health and social consequences
(3-5)). France is facing an increase in specialized addiction treatment entry for cocaine use disorder
(6) in general, and an increase in crack-cocaine related mortality specifically (7). Current treatments
(8,9) show limited efficacy on abstinence maintenance and harm reduction. To date, four reported
clinical cases of cocaine or methamphetamine addiction have utilized deep brain stimulation (DBS)
treatment, with 3 out 4 patients showing a reduction in cocaine use ((10-12), reviewed in (13). These
trial studies targeted the bilateral ventral striatum, with parameters between 150-165 Hz, 2-3.3 V and
150-240us, with 240us in two cases associated with the emergence of hypomania. 3 of the 4 trials
were open label (10,12), whilst the one double blind trial failed to show any difference between the
ON versus SHAM period (11). Consequently, causal modeling trial efficacy is subject to influence by
non-specific factors.

We previously advocated the subthalamic nucleus (STN) as a potential target for severe cocaine
dependence (14). Preclinical studies indicate that the STN is an important hub for controlling cocaine
intake. High frequency STN-DBS corrects the balance between sucrose and cocaine preference in a
conditioned place paradigm (15) and reduces re-escalation of cocaine self-administration after
prolonged, but not short, abstinence (16). Low frequency STN-DBS also reduces cocaine intake in
cocaine-dependent rats who developed an aversive shock-resistant cocaine intake (17). In humans,
STN-DBS combined with a decrease of dopaminergic medication has been proposed to improve both
medication abuse and other behavioral addictions in Parkinson’s disease (PD) patients (18). STN-DBS
also improves obsessions and compulsions in obsessive-compulsive disorder (OCD) and PD patients
(19-22). The core cocaine dependence symptom, craving, has strong parallels with obsessional
symptoms in OCD (23). There is also a high prevalence of transient OCD-like symptoms in patients with
cocaine use disorder in care settings, with an OCD-like symptom prevalence of 58% in one study (24),
mostly consisting of checking, and repetitive/ritualized movements. Within the general population,
cocaine use positively associates with OCD with an odd-ratio of 4 (25). Thus, our hypothesis is that
STN-DBS suppresses craving during abstinence, as indicated by the Obsessive Compulsive Cocaine
Score (OCCS) score (26), in people with cocaine addiction.

Method

We present the first STN-DBS case for severe and treatment-resistant crack cocaine use disorder over
a two-year follow-up. The study (Clinicaltrials.gov Number NCT02892851) was approved by a local
ethics committee. Inclusion criteria were diagnosis of DSM IV cocaine dependence; crack cocaine use
(a smoked form of cocaine); previously classed as non-responder to a well conducted pharmacological
treatment, with one long-term detoxification stay associated with after-care. Exclusion criteria were
limited to surgery contra-indications or unstable psychiatric condition. Consequently, all stable
psychiatric conditions and other substance use disorders were not subject to exclusion. The primary
outcome was OCCS reduction (26), secondary outcomes were crack cocaine scale (CCQ) (27)
immediate craving score reduction and self-declared and objective cocaine use reduction over the
cross-over 1 months periods. One male patient in his 40s with a 20-year history of severe smoked crack
dependence participated in this trial. He was also opioid and benzodiazepine dependent, as well as
satisfying criteria for DSM |V alcohol abuse. He was unemployed and homeless, with severed family



ties for 11 years. The study participant had 2 previous in-patient cocaine cessation trials, followed by
long-term residential care with a maximum abstinence period of 4 months, followed by relapses. He
had also received two months of aripiprazole up to 15 mg/d (19) with no efficacy. Finally, he failed to
attend cognitive behavioral therapy (CBT) relapse prevention group sessions. At inclusion, he was
under prescribed oral buprenorphine 8 mg/day, cyamemazine 300 mg/d and oxazepam 150 mg/day.

Results

During the hospitalization for pre-surgical check-ups and two days before the scheduled surgery date,
the patient discharged himself and relapsed. Nine days later, he presented himself to the outpatient
facility asking to be “re-enrolled” and gave a new written consent a few days later. The OCCS
measurement of craving before surgery was 50/56.

STN-DBS surgery was performed 3 months later. Bilateral electrodes (Medtronic, Minneapolis, 3389
connected to an Activa PC generator) were implanted under general anesthesia. Parameter testing
revealed stimulation-induced diplopia on both ventral contacts (0 and 8; >3V, 60us, 130Hz, all
impedances <2000Q)), as well as mild hypomania after 3h of unipolar stimulation on contact 9 (2.5V)
and dyskinesia/akathisia after 4h of unipolar stimulation on contact 1 (2.5V), but not on contact 0 or 2
(see electrode locations (28) in Fig 1).

The double-blind cross-over trial (1 month SHAM, then 1 month ON-DBS) started one-month post-
surgery. During the ON-DBS period, a bilateral unipolar stimulation on contact 1 and 9 at 2V (60us,
130Hz) was utilized, which was well tolerated. Treatment efficacy on craving could not be assessed
due to absence of craving at the baseline (OCCS baseline: 0/56) (see Table 1) and

Because weekly urinary screening was only partially collected, a second crossover was decided and
randomized (1 month ON-DBS, then 1 month SHAM). During the
patient lived in a social housing facility and actively smoked crack (declared use 100mg/day, 3 positive
urinary tests in a month), entered the ON-DBS phase with only two weekly urine cocaine
free tests. After 12 hours ON-DBS, following the same parameter setting protocol as previous, the
patient exhibited an unexpected hypomanic episode, became unruly, and left before being brought by
the police to the emergency department. When the DBS was turned off the following day, the
hypomanic state quickly faded.

Finally, in accordance with the independent safety committee recommendations, and in agreement
with the patient who believed that this state was an unprecedent feeling of well-being that could be
useful to maintain crack abstinence, a third cross-over was initiated (1 month SHAM, then 1 month
DBS-ON) with a progressive increase of DBS intensity over 5 days up to a reduced target intensity
(contact 1 and 9; 1.25V, 60us, 130Hz) and performed in a closed ward (see Table 1). No hypomanic
state occurred. The patient was discharged with the DBS ON.

raving scores fluctuated irrespective of DBS status, with OCCS
baseline sham 36/56 to 3/56, whilst OCCS baseline
DBS-ON fluctuating 1 30/56. Urinary cocaine tests confirmed an absence
of correlation between crack use and STN-DBS status. Indeed, 3 out of 4 weekly urinary cocaine tests
were positive at baseline, SHAM-DBS and ON-DBS periods. We could not enroll the patient in the
scheduled open-label ON-DBS follow-up because he decided to move back to his family home, located
overseas, where DBS could not be safely monitored. Thus, DBS was turned OFF when he finally reached



abstinence and moved to his native hometown. His return to his native hometown was a long-standing
plan that had been continually thwarted by a lack of funds due to long-term crack cocaine use.

Discussion

During this trial, the patient was monitored and intensively treated for his substance use disorder over
24 months consisting of 19 months of inpatient treatment, intensive outpatient treatments, including
a dedicated social worker, social housing for 5 months, individual CBT, and pharmacological treatment
optimization. He maintained alcohol abstinence for 19 months and showed low-risk alcohol use 5
months afterward. After his return to his native town, six months after the end of the cross-over and
without STN-DBS, the patient was still abstinent from cocaine (and other stimulants), and maintained
an abstinence from buprenorphine and other opioids, as well as benzodiazepines and cyamemazine.
The patient viewed the treatment trial as a success. However, the trial failed to demonstrate a
significant reduction in both craving and cocaine use under STN-DBS set with standard parameters
during the double-blind phase of the protocol. This is parsimonious with the only previous DBS double-
blind cross-over trial for cocaine dependence that targeted the Nucleus Accumbens, which also found
a long term improvement in the absence of any chronological correlation with the DBS-ON phase (11).
Importantly, our trial showed a severe adverse event due to STN-DBS that occurred at parameters
previously well tolerated. Hypomania has already been observed in two patients under ventral
striatum DBS for methamphetamine dependence ((10), and is even presented by the authors as a
desirable effect to counteract withdrawal-associated depressive symptoms presented by patients
suffering from severe methamphetamine dependence. However, this effect was observed at much
high stimulation parameters, namely 150 Hz, 210 us and 2.5 V in one patient and 165 Hz, 240 s and
3.3 Vinthe other, and occurred from the initiation of stimulation.

Here the patient experimented hypomania at 130Hz, 60us and 3V that he had previously tolerated 6
months earlier. The two main differences between the two challenges were that for the second
challenge, the patient had used crack recently and that the tapering of several sedative treatments
was ongoing when DBS was reapplied. This highlights a possible interaction between the re-start of
the STN-DBS and concomitant cocaine intake, which merits further investigation.

Other stimulation parameters also require further investigation. Recent animal studies suggest that
low, but not high, frequency STN-DBS can be effective in reducing cocaine intake in a model of
compulsive cocaine intake (14). More detailed exploration of the mechanisms associated with DBS
treatment response, as suggested by recent data for several other DBS-treated conditions (22), may
better refine the ability of STN-DBS to modify the brain network (ventral striatum, dorsolateral
prefrontal cortex and orbitofrontal cortex) associated with cue-induced cocaine craving (23). This can
be achieved during laboratory sessions, thereby guiding personalized, tailored, progressive parameter
settings. Future trials should include a prolonged abstinence period before starting STN-DBS and
include progressive voltage increase, over several weeks, in a carefully monitored environment.

Conclusion

We failed to demonstrate a significant decrease in cocaine craving in the DBS-ON, versus DBS-SHAM,
double-blind controlled trial of STN-DBS in one patient with refractory crack cocaine dependence. Over
the two-year treatment period, the patient reduced his crack use and finally reached abstinence.
However, this was not correlated with DBS-ON periods. STN-DBS for crack —cocaine dependence may
be associated with serious impacts on affective state and should be performed only with caution in
crack cocaine therapeutic research trials. Our data will prove of benefit to future treatment
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interventions, including as to a study design that involves a prolonged abstinence period before
initiating STN-DBS, a personalized cue-induced cocaine craving brain network monitoring to choose
the best target and a progressive voltage increase over several weeks in a carefully monitored

environment.



Figure 1. Location of stimulating electrodes in the STN region

Localization of stimulating electrodes. Upper frame. The left (L) and right (R) subthalamic nuclei are
seen from a posterior view on 3D reconstructions from a computerized atlas (24). The sensori-motor
(green), associative (purple) and limbic (yellow) subdivisions are shown. The individual electrode
contacts (in blue) are numbered (0-3 and 8-11). Lower frame. The artifact produced by each electrode
in the MRI acquisition is shown in a plane of section parallel to its long axis. The exact localization of
each contact is indicated in relation to the sensori-motor, associative, limbic subdivisions of the
subthalamic nucleus in this plane (STNsm, STNa, STNIi). The substantia nigra is also shown (SN).






Table 1: Primary and secondary outcomes of STN-DBS in this clinical case.

Pre-inclusion
September 2015
(outpatient)

OCCS 50/56 (primary outcome)

CCQ brief 16/70

Previous 4 weeks urinary cocaine tests [+/+/+/-]

Self-declared use collected on the assessment day regarding previous week: 3-7 use per day; 3-7 days per week.

Current treatment (mg/day): buprenorphine 8, oxazepam 100, cyamemazine 100, zopiclone 7.5

cocaine tests
Self-declared use

0 use per day
0 day per week

0 use per day
0 day per week

0 use per day
0 day per week

Randomization 4 weeks 2 weeks 4 weeks
SHAM WASH-OUT ON
Contacts 0 and 8; >3V, 60us, 130Hz
Baseline End Baseline End

CROSS-OVER 1 0OCCS 0/56 OCCS 14/56 0CCS 0/56 0CCS 2/56
January-April CCQ brief 10/70 CCQ brief10/70 CCQ brief 10/70 CCQ brief 10/70
2016
Weekly urinary [-/-/-/-] [2/?/?/] [?/-/?/-] [-/-1?/+]

1 use per day
1 day per week

Buprenorphine 8, paroxetine 20, oxazepam
80, cyamemazine 80, zopiclone 7.5

Buprenorphine 8, paroxetine 20, diazepam
50, cyamemazine 75, zopiclone 7.5

full inpatient stay, open ward

Randomization 4 weeks 2 weeks 4 weeks
ON WASH-OUT SHAM
Contacts 0 and 8; >3V, 60us, 130Hz
Baseline End Baseline End
CROSS-OVER 2 0CCS 15/56 Interrupted at day 1 - -
November 2016- CCQ brief 14/70 Serious adverse
January 2017 effect
Weekly urinary [+/+/-/+] Hypomania
cocaine tests
Self-declared use 1 per day
1 day per week

Buprenorphine 8 mg, paroxetine 60, diazepam
20, cyamemazine 50, zopiclone 7.5

outpatient in social housing except for the assessment day, where

inpatient in open ward

cocaine tests
Self-declared use

1-2 use per day
6-7 days per week

0 use per day
0 use per week

0 use per day
0 use per week

Randomization 4 weeks 2 weeks 4 weeks
SHAM WASH-OUT ON
Contacts 1 and 9; 1.25V, 60us, 130Hz
Baseline End Baseline I End
CROSS-OVER 3 OCCS 36/56 OCCS 3/56 0CCS 1/56 0OCCS 30/56
February- May CCQ brief 9/70 CCQ brief 25/70 C€CQ brief 10/70 CCQ brief 14/70
2017
Weekly urinary [+/+/+/+] [-/+/+/-] [+/-/-/+] [-/+/+/+]

1 use per day
2-3 days per week

Buprenorphine 8, paroxetine 60, diazepam 15,
aripiprazole 20, topiramate 25, zopiclone 7.5

Buprenorphine 8, paroxetine 60, diazepam
15, aripiprazole 20, topiramate 25,

zopiclone 7.5

closed ward

outpatient in social housing except for the five first days of each period, with a careful increase of the stimulation parameters in a

OCCS 02/56
CCQ brief 10/70

Previous 4 weeks urinary cocaine tests [-/-/-/-]
Self-declared use collected on the assessment day regarding the previous week: 0 use per day; 0 day per week.
Current treatment (mg/day): paroxetine 60, aripiprazole 20

Last observation November 2017, OFF stimulation, outpatient

OCCS: obsessive compulsive cocaine scale
CCQ: cocaine craving scale
+ positive cocaine screening, - negative cocaine screening
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