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In Canada, 10.3% of the population smokes tobacco.1 Each 
year, 8  million deaths worldwide are attributed to smoking.2 
Currently, 3 pharmacotherapies are approved for smoking ces-
sation in Canada: varenicline, bupropion, and nicotine replace-
ment therapy (NRT). Although these treatments are effective, 
many people do not respond to them, and relapse remains a 
problem. Recently, a repetitive transcranial magnetic stimula-
tion (rTMS) device with a novel coil design (H-coil) was 
approved for smoking cessation by the US Food and Drug 
Administration (2020) and Health Canada (2022) (Figure 1). This 
is the first rTMS device approved for smoking cessation, but 
rTMS in various forms has been used for decades as an 
 evidence-based treatment for depression.3

What is rTMS?

Repetitive transcranial magnetic stimulation is a noninvasive 
brain stimulation technique that generates magnetic fields 
using a magnetic coil to produce electrical currents in a tar-
geted brain area. These currents allow for the facilitation (exci-
tation) or suppression (inhibition) of neurons located beneath 
the coil, which results in changes in activity in the brain area.4 
The technique can be delivered with different types of coils; the 
most studied is the figure of 8. This coil is effective in stimulat-
ing superficial areas of the cortex, such as the dorsolateral pre-
frontal cortex. Alternative coils, such as H-coils, have been 
designed to stimulate deeper cortical regions,5 which allow for 

targeting brain regions implicated in addiction, such as the 
insula, that are below the superficial cortex and not reached by 
figure-of-8 coils.6

Practice  |  Innovations    CPD

Repetitive transcranial magnetic 
stimulation for smoking cessation
Christine Ibrahim PhD, Victor M. Tang MD MSc, Daniel M. Blumberger MD MSc,  
Bernard Le Foll MD PhD

n Cite as: CMAJ 2024 February 20;196:E187-90. doi: 10.1503/cmaj.230806

Key points
• Repetitive transcranial magnetic stimulation (rTMS) is a 

noninvasive brain stimulation technique used to treat 
mental health disorders, including smoking addiction.

• The first rTMS device for short-term treatment for smoking 
cessation was approved by Health Canada in 2022.

• The procedure is safe and generally well tolerated and is 
an emerging alternative treatment option for people who 
would like to stop smoking.

Figure 1: The deep repetitive transcranial magnetic stimulation device 
with an H-coil currently approved by Health Canada for treatment for 
smoking cessation, depression, and obsessive–compulsive disorder. 
Patients sit in a chair with the helmet secured to their head. The coil is 
embedded in the helmet, which is then attached to a stimulator and 
cooling device.
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How is treatment delivered?

Treatment is delivered at a clinic by trained staff. The treatment 
protocol approved by Health Canada consists of 15  daily ses-
sions over the course of 3 weeks, followed by 1 weekly session 
for 3 weeks (Figure 2). At the beginning of the first treatment, a 
physician will find the patient’s resting motor threshold (RMT). 
The RMT determines the minimum intensity required to acti-
vate a muscle (right abductor pollicis brevis) in that patient’s 
hand when stimulating the motor cortex. The target stimula-
tion intensity for all treatment sessions is set at 120% of the 
RMT. Before each session, patients have a brief smoking provo-
cation to activate brain circuits relevant to addiction. The 
patient is asked to hold a cigarette and a lighter, while imagin-
ing they are in a situation in which they would normally be 
smoking. Each session is about 25–30  minutes total, which 
includes the provocation, 18  minutes of transcranial magnetic 
stimulation, and brief counselling.

What is the evidence to support use of rTMS 
for smoking cessation?

Most research evaluating rTMS as a smoking cessation therapy 
has looked at the effect of targeting the dorsolateral prefrontal 
cortex using figure-of-8 coils. These smaller studies reported 
mixed, inconclusive results.7 Since 2014, the H4-coil — an H-coil 
that targets the insula and prefrontal cortex bilaterally — has 
been used in 2 clinical trials. As both trials that used the H4-coil 
had positive results, it is the only coil that has received approval 
for smoking cessation from Health Canada. The first trial included 
115 patients for whom pharmacotherapy was un successful, using 
a triple-blind, randomized controlled design. High-frequency 
stimulation (10 Hz) with exposure to smoking cues resulted in sig-
nificantly higher abstinence rates at end of treatment (43.75%) 
compared with sham stimulation (13.3%) (p = 0.039). It also led to 
a significant decrease in cigarette consumption and nicotine 
dependence at the end of treatment. No difference was found 
between low frequency and sham stimulation (p  =  0.94). At 
6  months after treatment, abstinence decreased to 33% in the 
high-frequency group and was no longer significant (p = 0.06).8

A subsequent multicentre trial included 262  people who 
smoked. Although having had a trial of pharmacotherapy for 
 smoking cessation was not an inclusion criterion, all participants 
had tried pharmacotherapy without success. High- frequency stimu-
lation (10 Hz) with exposure to smoking cues resulted in a 25.3% 
(intention to treat [ITT] 17.6%) 4-week abstinence rate compared 
with a 6.4% (ITT 4.8%) rate in the sham group (completed treat-
ments p = 0.0006; ITT p = 0.002) at end of treatment. People who 
were abstinent at end of treatment were followed for 18 weeks after 
the end of treatment, and higher  longer-term quit rates were found 
in the active group than in the sham group (completed treatments 
28% v. 11.7%, p = 0.007; ITT 19.4% v. 8.7%; p = 0.017).9

In comparison, first-line interventions such as varenicline, bupro-
pion, and NRT have abstinence rates at 6 months of 21.8%, 16.2%, 
and 15.7%, respectively.10 Second-line interventions for smoking 
cessation, such as combination therapies of varenicline and NRT, 
show 32.4% abstinence rates at 6 months.11 These com bination 
therapies require 12 weeks of treatment, while deep transcranial 
magnetic stimulation (TMS) requires 6 weeks of treatment. None-
theless, pharmacotherapy options have been studied extensively, 
have minimal adverse effects, are widely accessible across Canada, 
and can be taken at home, whereas deep TMS requires multiple in-
person visits at a clinic that provides this specialized treatment.

Who is eligible?

People who smoke more than 10 cigarettes a day for more than 
a year are eligible for rTMS. The procedure is not suitable for 
people who smoke and have metal implants in or around their 
head or implanted electronic devices, such as an automated 
implantable defibrillator. Deep rTMS has not been tested for 
safety in people who smoke and who are younger than 22 years 
or older than 68  years, or have substance use disorders or 
 psychotic disorders, neurologic or seizure disorders, a medical 
condition that puts them at increased risk of seizures, 
implanted electronic devices, or who are pregnant or breast-
feeding. Although these are the general guidelines of eligibility, 
outside of research settings a prescribing physician with train-
ing in rTMS determines whether to recommend this treatment 
based on an individualized assessment of risk and benefits.12

WEEK 1 WEEK 2 WEEK 3 WEEK 4 WEEK 5 WEEK 6

5 treatments 5 treatments 5 treatments 1 treatment 1 treatment 1 treatment

Each treatment includes:
•Smoking provocation
•TMS therapy for 18 min
•Brief counselling

Figure 2: Treatment protocol for repetitive transcranial magnetic stimulation (rTMS) for smoking cessation. 
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What are the harms?

Repetitive transcranial magnetic stimulation has a generally 
favourable adverse effect profile. The most frequent adverse 
effects are headache and pain at the application site, face, and 
neck. These symptoms typically resolve once the treatment ses-
sion is over.12 The most serious adverse event is seizure. Accord-
ing to a survey of members of the Clinical TMS Society (CTMSS) 
conducted in 2018,13 seizure occurred at a rate of 0.31 per 
10 000 rTMS sessions and 0.71 per 1000 patients across devices. 
The rate of seizure among patients treated with the H-coil 
device for other indications was significantly higher at 5.56 per 
1000 patients. This higher seizure rate is likely due to the 
broader induced electrical field and the higher frequency of 
stimulation of H-coils compared to other coils. Seizures are 
more likely to have been reported in people taking high doses of 
or abruptly stopping psychotropic medications (e.g., clonaze-
pam, amitriptyline), which are known to increase the risk of a 
seizure. Seizures are also more likely to occur in people who 
consume high levels of alcohol within 24  hours of treatment, 
who have an abrupt and significant change in baseline levels of 
alcohol use, or are in alcohol withdrawal. To prevent seizures, 
the RMT should be rechecked after medication changes.13,14 In 
trials where rTMS was used for smoking cessation, none of the 
participants had a seizure.8,9,15

What resources are needed to deliver rTMS?

Treatment is delivered in a clinic that has providers with the 
requisite training and expertise to deliver rTMS. Treatment can 
be delivered by nonphysicians. However, physician oversight is 
needed to determine dosing of treatment, the RMT, and man-
age some adverse effects, such as seizure.12 Patients may be 
covered through extended health care plans or may need to 
pay for treatments out of pocket at private clinics. Given that 
rTMS for smoking cessation was recently approved for use in 
Canada, only 6 clinics currently offer this treatment, including 
3 in British Columbia (Vancouver, Kelowna, and Surrey), 1 in 
Alberta (Edmonton), 1 in Quebec (Montréal), and 1 in Ontario 
(Ottawa).

What can be expected in the future?

Given the small number of clinics offering rTMS for smoking ces-
sation, and evidence limited to clinical trials in research set-
tings, the next steps are to analyze real-world patient outcomes 
of rTMS for smoking cessation and cost-effectiveness of the 
treatment. Given the cost and in-person visit requirement for 
treatment, rTMS may not be suitable as a first-line therapy but 
rather for those for whom medications have not resulted in 
smoking cessation. In addition, this treatment has not been 
investigated for all populations, such as people with schizophre-
nia who have high rates of chronic tobacco use. A proof-of-  concept 
study has shown its potential for use in patients with 
schizophrenia,16 but large trials designed to determine smoking 
cessation outcomes have not been completed.

Additional research should investigate whether treatment 
protocols that combine rTMS and smoking cessation pharmaco-
therapies may lead to increased abstinence rates or longer 
 per iods of abstinence. Our team recently completed a trial using 
a different H-coil (targeting the insula) in combination with 
 varenicline and found a significant difference in smoking absti-
nence rates between groups (82.4% active v. 30.7% sham stimu-
lation at 3  months, p  =  0.03). Similarly to the trials discussed 
above, this difference was no longer significant at the 6-month 
follow-up.15 These results further show the need for studies to 
evaluate treatment protocols targeting long-term abstinence.
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