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SUMMARY

Transcranial magnetic stimulation (TMS) is a non-invasive brain stimulation tech-
nique. Many substance use disorders lack effective treatments, and TMS is
expected to reduce cravings and risk of relapse by regulating brain function.
Here, we introduce three alternative TMS settings and specific operations to
interfere with methamphetamine use disorders. Theoretically, this protocol can
also be applied to diseases with similar brain damage characteristics.
For complete details on the use and execution of this protocol, please refer to
Chen et al. (2020).

BEFORE YOU BEGIN

The institutional review board and the ethics committee of Shanghai Mental Health Center approved

this study protocol.

Understand the basic knowledge of transcranial magnetic stimulation intervention

The mechanism of transcranial magnetic stimulation (TMS) is that through the principle of electro-

magnetic induction, magnetic field signals can pass through the skull and be converted into electri-

cal signals to act on the cortex (George et al., 1999). TMS does not require invasive operations and

has the advantages of high safety and reliability. Unlike single-pulse TMS stimulation, repetitive

transcranial magnetic stimulation (rTMS) regulates the brain functional state by continuously stimu-

lating specific brain regions (Diana et al., 2017). Based on the existing research, it is generally

believed that the intervention effect of rTMS mainly depends on at least three mechanisms (Peng

et al., 2018; Speer et al., 2000; Ziemann and Siebner, 2008): (1) Functional changes in stimulated

brain regions and changes in the strength of functional connections between different brain

regions.; (2) Induction of long-term potentiation or depression of the brain; (3) Induction of synchro-

nized activities of neuronal populations.

At present, TMS is used in the examination and treatment of several neuropsychiatric diseases. For

instance, the FDA approved high frequency rTMS targeting the left dorsolateral prefrontal cortex
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(DLPFC) for the treatment of major depression (FDA approval K061053). The clinical guidelines is-

sued by the International Federation of Clinical Neurophysiology also suggest that rTMS targeting

the DLPFC area can reduce the relapse risk of nicotine dependence. The clinical recommendation

level is C (‘‘possibly effective’’) (Lefaucheur et al., 2020). In overall, TMS provides a potential mean

to regulate the functional state of the brain and improve clinical symptoms.

Understand the different stimulation parameters

Before starting the intervention, the parameters that need to be determined include at least the

following: the brain area of the intervention, the coil used for the intervention, and the stimulation

parameters (frequency, intensity, total number of pulses, and duration of treatment).

1. The brain area of the intervention

RTMS mainly affects the targeted brain region and the brain area that is functionally connected with

the targeted brain area. Therefore, it is necessary to choose different brain regions for intervention

according to the pathological mechanisms of different neuropsychiatric diseases.

For people with substance use disorders, it is generally believed that when the limbic circuit is stim-

ulated by external drug-related cues, the reward signals is projected to the ventral striatum by the

dopaminergic neurons in ventral tegmental area (Wolf, 2016). This process is also mediated by ex-

ecutive control network (Diana, 2011; Schultz, 2002; Volkow and Morales, 2015). Hence, the disrup-

tion of the executive control networks and limbic neural circuits may induce the addictive behaviors

and repeated relapse (Li et al., 2018; Van Dam et al., 2014). Specifically, the cue-induced craving and

drug relapse may be related to two situations. One is that the activity of the executive control

network is weakened, and cognitive control becomes worse; the other is that the activity of the

limbic neural circuit increases excessively when under the cue exposed (Moeller et al., 2010). There-

fore, the present protocol mainly focuses on the brain regions of these two brain network, DLPFC

(the core brain area of the executive control network) and ventromedial prefrontal cortex (VMPFC,

the core brain area of the limbic neural circuit).

2. The coil used for the intervention

There are several coils could be used in TMS stimulation: circular shape, butterfly shape (also known

as figure of eight), elliptic shape, and D-shape. The coil with different shape has different stimulation

feature. For instance, the butterfly coil can produce a concentrated stimulating effect on the center

of the coil (e.g., MCF-B70 coil); the circular coil and the elliptical coil can produce a more average

stimulation effect on the larger area of the brain under the coil; and the stimulation center of the

D-shaped coil is located at the coil edge. Within the figure-of-eight coil, the angled butterfly coil

(e.g., Cool D-B80 coil) (Figures 1A and 1B) can stimulate deeper than the flat one (Figures 1C and

1D). When the operation needs to stimulate a more precise position, we could choose the figure-

of-eight coil; and when our goal is to stimulate a broader area of brain region, we could choose

the circular coil, which have a wide range of stimulation area and average stimulation intensity.

3. The stimulation parameters

After determining the location of targeted brain region and selecting the coil, specific stimulation

parameters need to be determined.

In terms of frequency, high-frequency (>5 Hz) and low-frequency (<1 Hz) modes are currently used in

most studies (Lefaucheur et al., 2020). Based on the findings in the MEP measurement study of

healthy subjects, some researchers believed that low-frequency stimulation is regarded as ‘‘inhibi-

tory’’ and high frequency stimulation is regarded as ‘‘excitatory’’. Although this is not a definite

conclusion, we can set parameters based on this principle when we carry out the research and adjust

ll
OPEN ACCESS

2 STAR Protocols 2, 100944, December 17, 2021

Protocol



the parameters according to the actual treatment effect. It should also be noted that the choice of

specific parameters is also related to the disease. In the same brain area, the damage characteristics

may be various in different disease, so the frequency setting needs to be changed. For example, in

depression studies, it was found that high-frequency stimulation of the left DLPFC can improve

depression (Gershon et al., 2003), but in patients with sleep disorders, low-frequency stimulation

of the left DLPFC can improve sleep quality (Nardone et al., 2020).

Besides, theta burst stimulation (TBS) is another frequently used type of stimulation mode. TBS re-

fers to a stimulation setting in which a fixed-frequency pulse is nested in another pulse mode with

fixed-frequency. Theta burst pulse stimulation is a commonly used TBSmode in psychiatric diseases,

which refers to embedding three continuous 50 Hz pulses stimulation into a 5 Hz pulse stimulation

(Huang et al., 2005). It is suggested that intermittent theta burst pulse stimulation (iTBS) plays an

excitatory role, while continuous theta burst pulse stimulation (cTBS) have an inhibitory effect.

For intensity, most studies are between 80 and 120% of rest motor threshold (rMT) (Lefaucheur et al.,

2020). The higher the stimulus intensity and themore pulse numbers, the effect of stimulus is also higher

(McDonald et al., 2011). However, high intensity of rTMS may bring more risks of adverse effects (Rossi

et al., 2009). Regarding the treatment course, studies that reported significant treatment effect usually

set a course for at least one week. The stimulation of multiple sessions can enhance long-term effects.

The design of the current stimulation protocol

Four stimulation settings will be introduced in this protocol. The first one uses the excitatory stimu-

lation mode iTBS to stimulate the dorsolateral prefrontal region; the second uses the inhibitory

stimulation mode cTBS to target the ventromedial prefrontal cortex; the third combines the first

and second setting; the fourth is sham stimulation, which the parameter is consistent with the first

or second setting. The coil used in the sham stimulation setting (i.e., MCF-P-B70 coil) is a placebo

coil and no magnetic field effect is generated. The TBS parameters used in this protocol are 3-pulse

50-Hz bursts given every 200 ms (Figure 2). During the cTBS setting, a 60-s train treatment (900

Figure 1. The outlook of the flat butterfly coil and angled butterfly coil

(A and B) The outlook of the flat butterfly coil.

(C and D) The outlook of the angled butterfly coil.
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pulses in total) is applied to the left VMPFC with D-B80 coil. During the iTBS setting, a 5-min train

treatment (2 s on and 8 s off, 900 pulses in total) is applied to the left DLPFC with MCF-B70 coil (Le-

faucheur et al., 2020; Su et al., 2020).

KEY RESOURCES TABLE

STEP-BY-STEP METHOD DETAILS

Recruit and screen patients

Timing: 0.5 days for each potential participant

Inform the study-related information to the potential participants, and if they are willing to partici-

pate, prepare the written consent and ask the participant to sign it.

1. Contact the interested subjects by telephone to initially screen the potential patients. At this

stage, the following details of subjects will be obtained: the type of drugs they used, their age

and gender, and whether they suffer from neuropsychiatric diseases.

2. For patients whomeet the requirements of the initial screening (i.e., usemethamphetamine in the

past 3 months; male; aged 18–49 years old; no serious neuropsychiatric diseases), invite them to

conduct the face-to-face interviews, provide them information about the research, and answer

potential questions.

3. If patients who meet the research eligibility criteria are willing to participate (Seventy-four pa-

tients in this study, the sample size calculation methods please refer to Chen et al. (2020)), pro-

vide the written consent form to the patients, and create their individual records after they

have signed it.

CRITICAL: The inclusion criteria are: (1) met the DSM-5 criteria for severe methamphet-

amine use disorder; (2) aged 18–49 years old; (3) normal vision and audition; (4) received

Figure 2. The theta burst stimulation protocol.

REAGENT or RESOURCE SOURCE IDENTIFIER

Experimental Models: Organisms/Strains

Human subjects (met the DSM-5 criteria for severe methamphetamine
use disorder; male; aged 18–49 years old who use methamphetamine
in the past 3 months; no serious neuropsychiatric diseases)

Chen et al. (2020) N/A

Other

MagPro X100 stimulator MagVenture N/A

Cool D-B80 coil MagVenture N/A

MCF-B70 coil MagVenture N/A

MCF-P-B70 coil MagVenture N/A

Keypoint EMG recorder Dantech N/A
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no medications during treatment; (5) used methamphetamine in the past 3 months before

being recruited in this study. The exclusion criteria are: (1) serious physical or neurological

illness, a diagnosis of any other psychiatric disorder under DSM-5 criteria (except for nico-

tine use disorder); (2) any contraindications to rTMS.

Create individual record

Timing: 10 min for each potential participant

Create a treatment record sheet for each patient and record the treatment process and adverse ef-

fects during the treatment.

4. Before starts treatment, a treatment document for each subject will be created. The contents of

the document mainly include information such as the intensity of the intervention, the mode of

the intervention, the date of the intervention. This can be recorded by the operator before and

after treatment.

5. Individual adverse effect record sheets should also be prepared, which are used to record the

type, intensity as well as time of adverse effects that occurred during the intervention.

CRITICAL: The possible adverse effects including headache, dizzy, tinnitus, facial discom-

fort, jaw tremble, insomnia, somnolence, and epilepsy.

CRITICAL: Most adverse effects disappear gradually after stopping the stimulation. In the

adverse reaction record, we also ask the patients to score their discomfort feeling (0–9).

"0" means no adverse effect, and "9" means the adverse effect is severe, and the stimula-

tion needs to be stopped. When the score reaches 5–8 points, it is recommended to

consider reducing the current stimulation intensity by about 5% per time until the subject

can tolerate the stimulation. When the score reaches 9 points, it is recommended to stop

the treatment.

Assessment of craving level (baseline)

Timing: approximately 5 min (for 1 participant)

Assess the participant’s cue-induced craving scores at baseline using visual analog scale.

6. Instruct the subjects to watch the methamphetamine-related figures for 5 min and let the patients

to recall the last time they used methamphetamine.

7. Patients report their craving level. The scores are ranging from 0 (i.e., no craving) to 100 (i.e., high-

est craving intensity ever experienced for methamphetamine).

Measurement of resting motor threshold

Timing: 20 min for each participant

Evaluating the resting motor threshold of each subject is one of the prerequisites for setting treat-

ment parameters.

8. Settings for the instrument used for evaluation.

a. Transcranial magnetic stimulator: choose the single pulse stimulation mode and the coil is

MCF-B70 coil.
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b. EMG recorder: The EMG recorder should connect to the EMG recording line, which has three

electrode patches (two for EMG recording and one for grounding), the EMG signals are analog

bandpass filtered between 5 and 500 Hz. The sampling rate is 1000 Hz.

CRITICAL: The coil used for the determination of the resting motor threshold should be

consistent with the coil used in the later intervention. As mentioned above, since different

coils have different effects when target to same brain area, the use of the same coil can

ensure that the intensity of the subsequent intervention is closer to the expected.

9. The coil targets the motor cortex andmoves weakly during stimulation to find the correct location

(Figure 3A). The electrode patches are placed on the right abductor pollicis brevis muscles and

the thenar eminence position (Figure 3B). Troubleshooting 1

Note: To identify the areas of motor cortex, mark the vertex of the brain firstly by measuring

the mid-point intersection between the nasion-inion and inter-aural lines. For the right

abductor pollicis brevis, position the coil 1–2 cm laterally to the right area of the vertex and

1–2 cm posterior initially. The stimulation coil position should be adjusted for each subject

to the area that induced motor-evoked potentials with maximal amplitude.

10. According to existing studies, the resting motor threshold of most people is range between 30

and 50% of the output power of the TMS machine. Therefore, the stimulation starts from 40%,

Figure 3. The schematic diagram of resting motor threshold measurement

(A) Demonstration diagram of the relative position of the head and the coil.

(B) The electrode patches are placed on the right abductor pollicis brevis muscles and the thenar eminence position.

(C) Electromyogram after tie stimulation of the transcranial magnetic stimulation. The minimum stimulation intensity that can

produce 5 motor-evoked potentials responses of at least 50mV in 10 stimulation is the resting motor threshold of the subject.
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and gradually increases or decreases the intensity of the stimulation. Finally, the resting motor

threshold is determined.

Note: In order to improve the efficiency of the operation, the intensity is suggested to increase

by 2% each time when increasing.When the approximate range of the target intensity is deter-

mined, the intensity is reduced by 1% each time for fine-tuning.

Note: The minimum stimulation intensity that can produce five motor-evoked potentials re-

sponses of at least 50 microvolts (mV) in ten stimulation is the resting motor threshold of the

subject (Figure 3C).

Positioning and coil placement

Timing: 10 min for each participant

11. Before the intervention, it is necessary to locate the stimulation target based on the 10–20 EEG

system and position the coil on the head.

12. Two treatment parameters are stored in the stimulator for use in subsequent interventions. The

first one is the stimulation parameters targeting DLPFC, and the second one is the stimulation

parameters targeting VMPFC.

13. Identify the position of the stimulation site: Before each stimulation session, the subjects take a

sitting position and wear an EEG cap. The EEG international 10–20 system will be used to iden-

tify the stimulation position (Fp1 for left VMPFC and F3 for left DLPFC) (Figure 4). Trouble-

shooting 2

CRITICAL: It is necessary to select an EEG cap with a suitable size for each subject and

wear it accurately. Generally, there are no very strict criteria for this, but at least two

points should be met: (1) the subjects have no discomfort; (2) the cap is not too loose to

cause the cap to shift during operation. This can ensure the accuracy of the stimulation po-

sition as much as possible.

14. Placement of the stimulation coil: After determining the position of the stimulation, the stimu-

lation coil needs to be placed correctly and the position of the coil must be fixed.

Note: For left VMPFC, the coil is rather placed on the nasal bridge so that the imaginary

straight lower margin of the coil is centrally positioned on FP1 (Figure 5). The distance

Figure 4. The targeting area based on EEG International 10–20 system positioning

(A) F3 electrode for left dorsolateral prefrontal cortex;

(B) Fp1 electrode for left ventromedial prefrontal cortex. DLPFC = dorsolateral prefrontal cortex, VMPFC =

ventromedial prefrontal cortex.
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between the upper edge of the coil and the upper forehead is about 2 cm. The handle of the

coil is turned upward to be tangent to the head and point towards the top of the head.

Note: For left DLPFC, the coil is held tangential to the participant’s head and the coil is centrally

positionedonF3 (Figure 6).Whenperforming shamstimulation intervention, the stimulation coil is

randomly target on the DLPFC stimulation position or VMPFC stimulation position.

Treatment process

Timing: 20–30 min for each participant

After setting the parameters and positioning, each subject will be stimulated separately. In addition,

the operator needs to observe the patient’s feelings during the intervention.

15. All the subjects will be allocated to one of the four treatment groups in a 1:1:1:1 ratio according

to the random number table by an independent study researcher. All subjects will receive ten

sessions of treatment in two weeks (one session/day and five days/week).

16. Ask the subject to lie on the chair (shown as the Figures 5 and 6) in a separate room and prepare

to intervene. Troubleshooting 3

CRITICAL: The main purpose of intervention in a separate room is to ensure the implemen-

tation of blinding.

17. Before starting the formal stimulation, place a thin PE foam sheet (thickness = 0.5 mm) between

the coil and the stimulated brain position to reduce the potential discomfort caused by the stim-

ulation.

18. When everything is ready, start to stimulate. The stimulation intensity is first set to 80% of the

rMT, and it is gradually increased to the specified stimulation intensity during the stimulation

process (100% rMT when stimulating DLPFC, and 110% rMT when stimulating VMPFC). In doing

so, the patient’s tolerance to the stimulation can be improved. Troubleshooting 4 and 5

19. For the combined stimulation group, after completing the intervention of one targeting site, it

takes about 5 min to complete the replacement of the stimulation coil and reset the stimulation

parameters, and then start the stimulation of another targeting site. Two treatment protocols

are randomly assigned to the subjects. The stimulation process is the same as above.

CRITICAL: During the stimulation process, the subject’s head needs to be kept still to

ensure that the stimulation position is accurate. It is recommended that an operator could

watch by the side, if there is obvious head movement, the operator could help to adjust

the head position.

Figure 5. Schematic diagram of the positioning of the coil targeting the ventromedial prefrontal cortex

The coil is centered over Fp1, a location approximating the left ventromedial prefrontal cortex.
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CRITICAL: When performing sham stimulation intervention, the stimulation parameter is

randomly set to DLPFC stimulation parameters or VMPFC stimulation parameter, but the

stimulation coil uses P-B-70 coil.

Record the treatment process

Timing: 10 min for each participant

20. During the treatment, the operator records the details of the treatment process and asks the

subjects about the adverse effects. If it is needed, make timely adjustments to treatment ar-

rangements, including parameter adjustments or discontinuing the treatment.

21. After the treatment is completed, record the stimulation intensity of the patient’s current treat-

ment and the time to complete the treatment.

22. Record the patient’s adverse effect, the time point of the adverse effect, and the severity of the

adverse effect.

CRITICAL: The adverse effects (e.g., headache, dizzy, facial discomfort, and insomnia) may

be that the patient has not yet fully adapted to the intensity of the stimulation. In this case,

by reducing 5%–10% of the stimulation intensity, the adverse effect could usually be

solved. For thosewho still have obvious adverse effect after reducing the stimulation inten-

sity, it is recommended to suspend the intervention. The solution could be to stop the

intervention for 1–2 days and then restart the stimulation. Our research (unpublished

data) has found that some subjects no longer have adverse effect in the follow-up treat-

ment. Another solution is to ask the patient whether to withdraw from the study and pro-

vide other help to them.

CRITICAL: For the subject with serious adverse events (e.g., epilepsy), it is recommended

to stop the stimulation immediately and contact the doctor for further treatment. Howev-

er, it should be clarified that, according to the current studies, the probability of serious

adverse events caused by TMS intervention is low.

Assessment of craving level (post-treatment)

Timing: approximately 5 min each time (for 1 participant)

Evaluate the participants’ cue-induced craving scores during and after the treatment using visual

analog scale. It is assessed at post 1/2 week of intervention, post 1 week of intervention, post 3/

2 weeks of intervention, and post 2 weeks of intervention.

Figure 6. Schematic diagram of the positioning of the coil targeting the dorsolateral prefrontal cortex

The coil is centered over F3, a location approximating the left dorsolateral prefrontal cortex.
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23. Instruct the subjects to watch the methamphetamine-related figures for 5 min and let the pa-

tients to recall the last time they used methamphetamine.

24. Patients report their craving level. The scores are ranging from 0 (i.e., no craving) to 100 (i.e.,

highest craving intensity ever experienced for methamphetamine).

EXPECTED OUTCOMES

The outcomes of this protocol are the safety and feasibility of four different rTMS intervention pro-

tocol. The specific results depend on the evaluation content before and after the intervention. Figure

7 depicts an example of the protocol applied to patients with methamphetamine use disorder (Chen

et al., 2020). The study observed that all three real stimulation protocols can significantly reduce the

craving for patients with methamphetamine use disorder (Figure 7A). In addition, the average time

from baseline to become treatment responder of the three real stimulation protocols is shorter than

that of the sham stimulation group (Figure 7B). The patients that accepted the combined protocol

had a shorter time of becoming treatment responder compared with those accepted the protocol

targeting the DLPFC site. No serious adverse events are reported in the present study. All reported

side effects are tolerable and mild and ameliorated gradually during the treatment duration, and no

significant differences are identified in four groups.

QUANTIFICATION AND STATISTICAL ANALYSIS

In this study, the primary outcome is the change in craving scores. The treatment response rate

(R60% reduction in craving scores) is the secondary efficacy outcome. Therefore, repeatedmeasure

ANOVA is performed to figure out the potential effect on outcomes, with time as intragroup factors

and treatment groups (DLPFC iTBS vs VMPFC cTBS vs iTBS+cTBS vs Sham) as intergroup factors.

Kaplan–Meier survival analysis (Breslow test) is conducted to explore the relationship between treat-

ment group and the timepoint of patients becoming the responder. The post-hoc pairwise compar-

ison is performed subsequently.

LIMITATIONS

Although the three real treatment setting provided by this protocol have certain evidence in terms of

effectiveness, safety, and feasibility (Chen et al., 2020), there are still some limitations and can be

taken as an optimization direction. First, this protocol uses the EEG international 10–20 system

for identify the stimulation position. Previous study has suggested the feasibility of this method in

determining the stimulation target (Noh et al., 2017). However, rTMS treatment with magnetic reso-

nance imaging-based navigation and positioning method fully takes the diversity in the shape and

Figure 7. The intervention effect of four treatment group

(A) Changes of the cue-induced craving after treatment of four groups.

(B) Kaplan–Meier and Breslow analysis for response of four treatment groups. Figure reprinted with permission from

Chen et al. (2020). T0 = baseline, T1/2 = post 1/2 week of intervention, T1 = post 1 week of intervention, T3/2 = post 3/

2 weeks of intervention, T2 = post 2 weeks of intervention. Group A = DLPFC iTBS group, Group B = VMPFC cTBS

group, Group C = iTBS + cTBS group, Group D = Sham group.
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size of the individual’s head into account and may bring better treatment effect. Therefore, the nav-

igation and positioning based on magnetic resonance imaging should also be considered when

designing the treatment protocol. Similarly, due to the limited of the resources, we did not use

the fMRI localizer scan to detect the motor cortex and evaluate the rMT value. When conditions

permit, the fMRI localizer scan should be recommended, which may be able to achieve higher accu-

racy. Secondly, the current treatment settings of the sham stimulation group (control group) need to

be improved. We have taken several measures to improve the current blinding setting, but this is a

common challenge in the rTMS clinical trials, that is, the slight pain and discomfort during treatment

may weaken the blinding. Mostly, the sham stimulation setting does not cause discomfort. There-

fore, if a sham stimulation group is set, multiple aspects need to be optimized to enhance the blind

setting.

TROUBLESHOOTING

Problem 1

Difficult to determine the rMT (step 9).

Potential solution

In actual operation, it is difficult to determine the rMT of a small number of subjects. Many reasons

may cause this phenomenon, including the width of the skull, which is the subject’s innate phys-

iological condition; another possibility is that the intensity of patient’s rMT is higher than the

average subjects. The usual practice is to fix the position of the coil after determining the location

of the motor cortex. By increasing the stimulation intensity, when the electromyographic signal

exceeding 50 uV is observed, fix the relative position of the head and the coil by hand, and grad-

ually reduce the stimulation intensity (at a rate of 1% intensity each time), and finally determine the

subject’s rMT.

Problem 2

Difficult to fix the daily positioning and stimulation position (step 12 and 13).

Potential solution

Since treatment is a long-term process, there may be several operators involved in completing the

intervention. Sometimes this will lead to a certain difference in the site of daily stimulation and

cause the deviations in the therapeutic effect. Therefore, when encountering this situation, a

skin marker can be used to mark the intervention position to keep the daily stimulation position

consistent.

Problem 3

Significant head movement during the intervention (step 16).

Potential solution

In this protocol, the subjects will lie on a chair for treatment. In general, obvious headmovements are

rare. However, the therapeutic effect of rTMS is closely related to the distance between the coil and

the brain skull. Therefore, when the subject has obvious head movement, it is recommended to re-

cord the time of the patient’s head movement at the same time, and to make up for this period of

time that should be intervened at the target point.

Problem 4

The subjects present with the muscle tremor on the head and face (step 18 and 19).

Potential solution

During the stimulation process, tremor of the head and facemuscles is a common phenomenon. This

is because TMS not only stimulates the brain, but also has a certain stimulating effect on the muscles

of the head and face. This performance usually disappears immediately after stopping the
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stimulation. The reason for muscle tremor is that the magnetic field acts on the target brain area and

also acts on the head and facial muscles near the stimulation location. There is no research showing

that this phenomenon will affect the treatment effect, but this phenomenon may affect the subject’s

acceptance of the treatment. Therefore, it is necessary to inform the patient that this phenomenon

may exist, give a sufficient explanation, and reassure the subject before treatment.

Problem 5

The coil becomes hot during the stimulation and cannot be applied anymore (step 18 and 19).

Potential solution

When the coil is applied continuously, it will cause the coil to heat up; when the temperature exceeds

the threshold, the coil will be automatically locked. After the coil has cooled down, it can be applied

again.

In order to deal with this situation, there are at least two methods. One is to understand the output

parameters of the transcranial magnetic stimulator used by your institution, and to reasonably

arrange the number of subjects treated in the same time period; the other is to choose a coil with

the dynamic cooling function. The heat dissipation performance of this type of coil is better than

that of the static liquid-cooled coil in continuous use.

RESOURCE AVAILABILITY
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Further information and requests for resources should be directed to and will be fulfilled by the Lead

contact, Min Zhao (drminzhao@smhc.org.cn).

Materials availability

This protocol did not generate any unique reagents.

Data and code availability

Further information and requests for the raw datasets generated by this protocol should be directed

to and will be fulfilled by the lead contact, Min Zhao (drminzhao@smhc.org.cn). There was no new

code developed as part of this study.
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