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Tolerability and feasibility of accelerated repetitive transcranial
stimulation for reduction of nicotine craving
Dear Editor,

Tobacco smoking remains the leading cause of preventable
death in the world, leading to approximately 6 million deaths a
year. A recent review estimated offering smokers a combination
of individual counseling and pharmacotherapy resulted in only an
11e16% cessation rate at 6 months [1]. Craving is associated with
smoking relapse [2], and has been a frequent target of treatment in-
terventions including nicotine replacement therapy, bupropion,
and varenicline [3]. Several recent investigations reported that re-
petitive transcranial magnetic stimulation (rTMS) applied to the
dorsolateral prefrontal cortex (DLPFC) reduced craving [4], and
cigarette consumption [5,6]. Though promising, the work to date
has been limited by the current treatment paradigm of rTMS where
treatments are delivered each day for several weeks. In prior rTMS
smoking cessation trials, study retention has only ranged from
approximately 50%e67% [5,6]. Subsequently finding a way to
condense treatment courses may increase the feasibility of deliv-
ering this promising intervention to smokers. Recently several
studies have explored the feasibility and efficacy of delivering
“accelerated” courses of rTMS for depression, delivering several
treatments each day [7,8]. We wanted to determine if an acceler-
ated course of treatment could be feasibly delivered to cigarette
smokers. These feasibility data might spur the development of
accelerated rTMS for smoking cessation paradigms.

In order to determine if an accelerated course of rTMS could be
feasibly delivered to cigarette smokers, we completed a prelimi-
nary, parallel-designed, randomized, double-blind, sham-
controlled, pilot trial delivering five-treatments of either active,
or sham rTMS in a single day to non-treatment seeking nicotine-
dependent cigarette smokers. Additionally, cigarette craving was
assessed after each treatment session. Prior to beginning enroll-
ment, this trial was approved by the institutional review board of
the Medical University of South Carolina, and pre-registered with
clinicaltrials.gov (NCT03352609). Cigarette smoking participants
were recruited via fliers and online advertisements, and underwent
Table 1
Participant craving and reported adverse effects.

Participant Active/Sham Average Cigarettes FTND %rMT Change in c

1 Active 19 8 100 þ0.7%
2 Sham 21 8 110 �21.3%
3 Sham 47 7 110 �10%
4 Sham 15 6 110 þ3.3%
5 Active 13 6 110 �14%

https://doi.org/10.1016/j.brs.2019.06.023
1935-861X/© 2019 Elsevier Inc. All rights reserved.
a telephone screen prior to attending a single visit. Participants
were included if they were current daily smokers (>10 cigarettes/
day) who were not currently making a quit attempt. Participants
were excluded if they met DSM-5 criteria for any other substance
use disorder, met criteria for any other major psychiatric illness,
were currently taking any psychotropic medication or nicotine
replacement, had any unstable medical condition, were pregnant,
had any implanted metal in their head, or were at elevated risk of
seizure. Prior to undergoing study procedures, informed consent
was obtained. The MINI international neuropsychiatric interview,
review of current medications, medical history, urine pregnancy
test and confirmation of smoking status by exhaled CO reading of
>10 ppm, were all used to confirm participants met study inclu-
sion/exclusion criteria. Current level of nicotine dependence was
evaluated by the Fagerstrom Test for Nicotine Dependence
(FTND) and two-week time line-follow back. Smoking was
permitted up to the start of the visit, which was approximately
an hour prior to beginning craving assessments and participants
abstained for the remainder of visit.

Participants meeting all inclusion/exclusion criteria were ran-
domized to active or sham rTMS. Active rTMS was delivered via a
MagPro double blinded rTMS Research System (Magventure,
Denmark) with a Cool-B65 Butterfly combined active and sham
coil. For sham stimulation, a validated system was utilized which
used transcutaneous electrical nerve stimulation [9]. Treatment
was delivered to the left dorsolateral prefrontal cortex using the
Beam-F3 method [10] at 110% of resting motor threshold. Each
rTMS session consisted of a total of 3000 pulses of 10hz stimulation
(5s on-10s off). During the initial session, the dose was slowly
increased to a maximum of 110% of rMT over several minutes to
improve comfort. During the visit participants received 5-sessions
of rTMS, each separated by 30 minutes, for a total of 15,000 pulses.
The primary outcomemeasure was the percent of participants who
tolerated the intervention and completed the five-session course at
110% rMT. Cigarette craving was evaluated using a modified Ques-
tionnaire on Smoking Urges-Brief (QSU-B) scale with computerized
raving Subjective

Mild scalp discomfort with dose titration
Denied adverse effect
Denied adverse effect
Mild transient nausea at start of first treatment, immediately resolved
Denied adverse effect
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analog ratings between 0 and 100. After completion of 5-sessions,
patients were asked if they thought they received active or sham
treatment and were evaluated for adverse events (AE's).

Twenty-two individuals were screened by phone, of which six
were invited for a visit, and five met with study staff, all of whom
enrolled. All participants were male with an average age of
37± 13.8. They reported smoking an average of 22.9± 13.9 ciga-
rettes a day with an average FTND score of 7.0± 1.0 indicating a
high level of dependence. Two participants were randomized to
active rTMS, both of whom completed the study procedure. One
such participant achieved the goal dose of 110% rMT without re-
ported side effects, reported a 14% reduction in average craving,
and felt he had received active treatment due to having a decreased
urge to smoke. The other participant receiving active stimulation
requested treatment not be escalated above 100% rMT due to scalp
discomfort, and reported a negligible change in his craving before
and after treatment, with a 0.7% increase in craving. Three partici-
pants received sham treatment, all of whom completed the study
protocol at 110% rMT, and all believed they had received active
stimulation. One participant receiving sham stimulation reported
transient nausea, and neither of the other participants reported
AE's. Among participants receiving sham treatment, one reported
a 3% increase in average craving and two reported decreases of
21.3% and 10% in average craving respectively. (See Table 1)

In this pilot investigation, we found that it was feasible to
deliver 5-sessions of 10hz LDLPFC rTMS for a total of 15,000 pulses
to nicotine-dependent cigarette smoking individuals in a single
day. Further, treatment using this paradigm was well tolerated
with four of five participants achieving 110% of rMT, and all five
completing the visit. These data suggest that the accelerated deliv-
ery of rTMS to non-treatment seeking nicotine-dependent smoking
participants likely can be performed. Future larger investigations
will be needed to determine whether a course of accelerated
rTMS (delivering 15 or more total sessions of treatment), is well
tolerated, and efficacious in reducing craving, or cigarette smoking.
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