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Introduction: Transcranial magnetic stimulation (TMS) is an established treatment

option for major depressive disorder (MDD) but is currently limited to clinical

settings such as hospitals or doctors’ offices. Technical and logistical challenges

have so far prevented its application in patients’ homes.

Methods: In this pilot study, five outpatients with MDD (aged 29–65 years), living

up to 120 km from a tertiary care hospital (Regensburg, Germany), received

home-based TMS treatment using an accelerated intermittent theta burst

stimulation protocol (aiTBS; 5 sessions per day, 1800 pulses per session).

Treatment was delivered using a conventional DuoMAG XT-100 device

(Deymed Diagnostics, Hronov, Czech Republic). Feasibility was evaluated

through assessment of logistical challenges, device handling, safety, treatment

tolerability and patient satisfaction. Depressive symptoms were measured before

and after treatment using the 21-item Hamilton Depression Rating Scale (HAMD-

21) and the Major Depression Inventory (MDI).

Results: Home-based TMS treatment was feasible with no serious adverse events

reported. A reduction in depressive symptom scores was observed. Major

logistical challenges included device transport, space requirements and the

need for trained personnel on site.

Conclusion: Our pilot data demonstrate the feasibility of home-based TMS using

a conventional clinical device, while highlighting substantial technical and

logistical limitations. These limitations underscore the urgent need for the

development of lightweight, portable and patient-friendly TMS devices to

facilitate the delivery of neurostimulation therapies beyond clinical settings.

Further studies with larger samples are warranted, using randomized controlled

designs comparing home-based and clinic-based TMS to evaluate not only

feasibility, but also efficacy under standardized conditions.

KEYWORDS
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Introduction

According to the World Health Organization (1), 5.7% of adults,

approximately 280 million people worldwide, suffer from depression.

Standard antidepressant treatments such as psychotherapy and

pharmacotherapy are insufficiently effective in a substantial subgroup

of patients. Since there was an urgent need for additional treatment

options (2), repetitive transcranial magnetic stimulation (rTMS) was

proposed as an innovative, non-invasive brain stimulation technique

(3). When applied to the left dorsolateral prefrontal cortex (DLPFC),

rTMS has demonstrated antidepressant efficacy in numerous

randomized clinical trials and is an established evidence-based

treatment option for Major Depression Disorder (MDD), particularly

in case of non-response to standard therapies (3).

Recently, intermittent theta-burst stimulation (iTBS), a

patterned form of rTMS delivering bursts of 50 Hz pulses

repeated at theta (5 Hz) intervals, has emerged as a shorter, yet

equally effective protocol (4–7). Furthermore, accelerated iTBS

(aiTBS) protocols involving multiple iTBS sessions per day (up to

10) have been introduced, demonstrating similar effectiveness, good

tolerability and improved cost-effectiveness (4, 8–11).

Up to now, TMS treatment remains confined to hospitals,

outpatient clinics, or medical offices and is not available for

administration at patients’ homes. In contrast, home-based

treatment with transcranial direct current stimulation, another

non-invasive neurostimulation technique, has been successfully

explored in recent years (12–14).

Several aspects have so far challenged the implementation of

TMS in home-based settings. First, conventional TMS devices are

large, heavy, complex and expensive (15). Second, these devices are

not designed for self-administration and require trained

professionals to ensure precise coil placement and appropriate

stimulation settings, which are critical for treatment efficacy (16).

Third, safety concerns arise when treatments are administered

outside clinical environments without appropriate monitoring,

increasing the risk of side effects, such as epileptic seizures (17, 18).

On the other hand, limiting TMS availability to medical

facilities restricts access for many patient groups, especially those

with mobility or geographical barriers (19, 20). Although the first

generation of portable TMS devices has been developed (21), to our

knowledge, there are currently no reports on the implementation of

antidepressive rTMS treatments outside clinical settings.

Given these constraints, our study aimed to explore the

technical feasibility and practical challenges of delivering home-

based TMS treatment in MDD patients using a conventional device

following an aiTBS protocol. Specifically, we aimed to evaluate the

transportability, setup, safety, treatment tolerability and patient

satisfaction of the device within their home environment. This

pilot study represents an initial step in assessing whether home-

based TMS can be a viable treatment option despite the current

limitations of large TMS devices.
Methods and materials

All methodological procedures for the implementation of the

present home-based study were approved by the ethics committee
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of the University of Regensburg (24-3652-101). The trial was

registered at the U.S. National Institutes of Health Database

(www.clinicaltrials.gov) accessible with the identifier code

NCT06689592. All patients gave written informed consent prior

to study participation. Due to two drop-outs (see below), seven

outpatients were recruited for the home-based TMS treatment from

September 2024 to February 2025. In addition to the standard

inclusion and exclusion criteria for TMS treatment (e.g. previous

neurological illnesses, electrical or metal implants in the head area,

etc.), various logistical aspects (e.g. sufficient space at home for the

TMS device and barrier-free access) were further requirements or

participation in the study.

Implementation of the home-based TMS
study

Once an eligible patient agreed to receive TMS at home, an

experienced psychologist and/or physician traveled to the patient’s

home to conduct an initial meeting and provide detailed

information about home-based TMS. On site, each patient was

informed about the procedure, the purpose of the study and the fact

that at least two practitioners would be at the patient’s home for the

time of treatment, monitoring each session. One key point of the

information provided was that an emergency physician would be

called in the event of an emergency (e.g. epileptic seizure) and that

treatment would be performed without a physician being

immediately available. Nevertheless, all clinical staff in

Regensburg are required to complete mandatory annual training

in first aid and cardiopulmonary resuscitation, independent of

TMS. For the present study, this ensured that, in the event of a

medical emergency during a TMS session, practitioners would be

able to provide immediate basic life support (e.g., placing the patient

in the recovery position) until emergency medical services arrived.

However, no additional emergency equipment (e.g., defibrillator,

oxygen) or rescue medications were carried during home visits. In

this pilot study, emergency management relied on immediately

contacting an emergency physician if required. If the patient agreed

to a treatment at home, a written declaration of consent was signed.

Afterwards, a suitable place for the TMS device at home was

identified and the necessary power supply was clarified. In a

subsequent visit, the TMS device was transported to the patients’

home (see Figure 1).

Transcranial magnetic stimulation

All magnetic stimulations were performed with a DuoMAG

XT-100 (Deymed Diagnostics, Hronov, Czech Republic) using a

figure-of-8 coil to induce biphasic pulses (default current direction,

PA-AP). The DuoMAG system was chosen due to fixation of the

stimulator on a mobile cart together with an integrated

electromyography (EMG) device and an integrated coil holder

(see Figure 1). For determination of the resting motor threshold

(RMT), the individual motor hotspot was determined first, by

administering single pulses at different positions over the left

primary motor cortex.

For EMG recording, pre-gelled Ag/AgCl foam electrodes

(Kendall™ H124SG, Cardinal Health) with a diameter of 24 mm
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were used. Prior to electrode placement, participant skin was cleaned

using alcohol pads. EMG responses were recorded from the right first

dorsal interosseous muscle (FDI) using a belly-tendon montage. The

ground electrode was attached to the ventral side of the right forearm.

Hotspot search started from a point 5cm lateral to point Cz, using a coil

orientation of 45° to the sagittal midline (with the handle of the coil

pointing backwards). The hotspot was defined as the skull position

yielding largest and most reliable MEP responses in the first dorsal

interosseous muscle (FDI) of the right hand. The subject’s motor

hotspot was defined as the point where single TMS pulses evoked stable

motor-evoked potentials (MEPs) with the highest amplitude. Once the

subject’s motor hotspot was identified, the treatment-coil was fixated

and the subject’s RMT was then measured by stimulating the

individual hotspot while simultaneously recording the MEPs from

the thenar muscles of the right hand using EMG (22). It was

determined based on the Rossini-Rothwell method, which defines

the RMT as the lowest stimulation intensity necessary to elicit MEPs

of at least 50 µV in 50% of the applied pulses (23). All patients were

treated with an aiTBS protocol over the left DLPFC, again, using a coil

orientation of 45° to the sagittal midline. Based on the SAINT-protocol

by Cole et al. (8, 9), all patients were treated with half of the SAINT-

protocol using 5 stimulation sessions á 1800 pulses per day with 50

minutes interval between sessions for 5 days (overall 25 sessions). The

DLPFCwas localized using the adjusted Beam F-3method (24, 25).We

aimed for a target treatment intensity of 80% RMT, which was

otherwise limited to 60% maximum stimulator output (MSO).

Treatments were performed with the patient seated in his/her

own chair. For safety reasons, the coil was removed after each day of

treatment, brought back to the clinic and reconnected the next day.

A Follow-Up visit took place 4 weeks after the last treatment.

Figure 2 illustrates the course of the home-based TMS study for

one patient.

Assessment

Before the first and after the last TMS treatment session patients

were interviewed with the Hamilton Depression Rating Scale

(HAMD-21; 26) and completed the Major Depression Inventory

(MDI; 27). In order to investigate the subjective patient experience,

all patients filled out the User Experience Questionnaire after the

final visit (UEQ; 28). The questionnaire is divided into six scales,
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which measure usability as well as user experience aspects (7-step

Likert-Scale ranging from -3 to +3). The six scales include

Attractiveness (Overall impression of the product), Perspicuity (Is

it easy to get familiar with the product?), Efficiency (Can users solve

their tasks without unnecessary effort?), Dependability (Does the

user feel control of the interaction?), Stimulation (Is it exciting and

motivating to use the product?) and Novelty (Is the design of the

product creative?) (https://www.ueq-online.org/; access: 2025-03-

21). Side effects were assessed by direct observation (e.g., visible jaw

or eyebrow twitching) and by actively questioning the patient

immediately after the completion of each treatment session. All

reported and observed side effects were documented by one of the

practitioners in a treatment protocol.

Statistical analysis

For the course of depressive symptoms, the mean and

individual sum scores of the HAMD-21 and MDI as well as the

course of the sum scores (D score = after treatment – before

treatment scores) are reported for the three measurement times:

before treatment, after treatment, Follow-Up. For a better overview,

the original numbering of the included patients is maintained (1 –

5). As mentioned above, potential TMS-related side effects were

documented on a paper-pencil protocol and quantified by the

number of patients reporting or displaying a side effect in at least

one of the TMS sessions. The mean values of the UEQ were

analyzed with a preset Excel sheet, which is open to the public

(ueq-online.org), by Schrepp et al. (28). All statistical analyses were

conducted with SPSS version 28.0 (IBM SPSS, Chicago, IL). A cost

analysis was performed using both collected data and additional

research on relevant economic factors.
Results

Feasibility

Seven patients were recruited for participation. One patient

asked to stop treatment prematurely (Visit 5) due to the lack of

benefit and the burden of daily TMS treatment. Another patient
FIGURE 1

Transport of the TMS device (own source). A van of a suitable height was necessary to transport the TMS device for the home-based treatments.
The TMS device was secured using straps and fixed ropes so that it could be transported safely.
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could not be treated at her home because of a technical failure:

During transportation, the stimulator cable became disconnected

from the TMS device, resulting in malfunction. This issue was not

detected until after the device had already been transported back to

the hospital and the patient’s treatment had commenced there.

Hence, a total of five patients completed the home-based TMS

treatment and were included in the present descriptive analysis.

Efficacy

From before to after treatment, depressive symptoms dropped

in all patients, according to both questionnaires. At the 4-week

follow-up, 3 out of 5 patients were still considered in remission

according to the HAMD-21, while only one patient showed a slight

worsening, as assessed by the MDI. (see Figure 3). Demographic

and clinical characteristics of the enclosed patients are provided in

Tables 1, 2.
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Tolerability

No serious adverse events occurred in any of the patients. The

following side effects occurred: 1/5 patient reported pecking in the

eye, 3/5 patients displayed lid twitching, 2/5 patients displayed jaw

twitching, 1/5 patients displayed eyebrow twitching, 1/5 patients

reported fatigue, 1/5 patients reported light headache, and 1/5

patients reported continuous sensations on the nose (note: some

patients reported/displayed multiple side-effects).

Patient experience: evaluation of the
home-based treatment

The User Experience Questionnaire (UEQ) (28), revealed the

following results: the factors efficiency (M = .70, SD = 1.15) and

stimulation (M = .85, SD = 1.50) were rated “below average”. The

factors attractiveness (M = 1.30, SD = 2.03), perspicuity (M = 1.25,
FIGURE 3

Progression of depressive symptoms. Course of the depression scores for each patient as well as the mean course for the home-based TMS study
(three measurement points) for all study visits: the Hamilton depression rating scale (HAMD-21) (A) and the Major Depression Inventory (MDI) (B).
Error bars indicate SDs for the mean scores.
FIGURE 2

Course of the study. The figure shows the course of home-based TMS treatment for one patient. For each visit (0 - 7), the practitioners had to go to
the patient. Visit 0 and 1 took place in the week before the treatment week (usually Thursday and Friday). During visit 1, the resting motor threshold
(RMT) was determined by an experience practitioner. Each patient was treated 5x/day with accelerated intermittent theta-burst stimulation (aiTBS)
using 1800 pulses per session with 50 minutes interval between each session (based on the SAINT-protocol by Cole et al. (8, 9). During the 50-
minute breaks, the practitioners awaited the next session either at the patient’s home or outside, depending on which setting was more comfortable
for the patient.
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SD = 2.63) and novelty (M = 1.10, SD = 1.33) were rated “above

average”. Dependability (M = .65, SD = 1.83) was rated “bad”

(see Figure 4).

Comparison of costs: clinic-based vs.
home-based TMS

From a structural and economic perspective, home-based TMS

showed to be more resource-intensive than clinic-based TMS. Here,

we treated all patients with two practitioners being on site for the

entire treatment duration (five consecutive full working days) and

device transport added logistical complexity and cost. Table 3

presents an estimated cost comparison between home-based and

clinic-based TMS treatment.
Discussion

To the best of our knowledge, this is the first study to investigate

the feasibility of administering TMS for the treatment of depression

entirely in patients’ homes using a conventional, non-portable TMS
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device. The primary aim of this study was not to assess clinical

efficacy, but rather to investigate the technical and logistical

feasibility of delivering home-based treatment with a standard

clinical device.

Regarding the course of depressive symptoms, the

antidepressant potential of an aiTBS protocol is well established

in the literature and is briefly mentioned in our findings: all patients

showed an improvement in depression symptoms following TMS

treatment (HAMD-21, MDI). Our findings highlight substantial

practical and organizational challenges regarding the feasibility of

home-based TMS, particularly in terms of transporting the TMS

device to patients’ homes. The device was secured only using straps

and was equipped with brakes, which could have potentially

disengaged during transport. Nevertheless, authorization to

conduct the study was obtained from the manufacturer and a

formal loan agreement was in place. Future home-based studies

may mitigate the risk of damaging the device by implementing

additional securing mechanisms during transport. Transporting the

stimulator, which weighed approximately 20 kg and measured 1.63

m in height (including the screen of the EMG monitor, see

Figure 1), required a high-roof vehicle and at least two trained

staff members for delivery, setup and removal, as in some cases
TABLE 2 Depression sum scores per patient: Before and after treatment as well as Follow-Up.

Patient Before treatment After treatment After – before treatment Follow-Up

HAMD-21 1 17 12 -5 5

2 24 22 -2 21

3 24 9 -15 5

4 23 7 -16 7

5 18 16 -2 11

M (SD) 21.30 (4.06) 13.11 (6.27) -8.19 (5.78) 9.80 (6.72

MDI 1 25 24 -1 9

2 22 17 -5 18

3 22 12 -10 15

4 34 24 -10 14

5 40 27 -13 33

M (SD) 27.80 (10.35) 22.30 (11.16) -5.50 (4.62) 17.80 (9.09)
HAMD-21, Hamilton Depression Scale: 21 items; MDI, Major Depression Inventory; M, Mean scores, SD; Standard Deviation.
TABLE 1 Demographic data per patient.

Pat. Sex Age Depression diagnosis
(ICD-10)

Comorbid disorders
(ICD-10)

Psych. Med. (dosage) RMT TI No. of
Sess.

1 f 59 F33.1 - Paroxetin (20mg) 52 42 25

2 f 65 F33.1 F42.0
Clomipramin (75mg),
Venlafaxin (150mg)

54 43 25

3 f 65 F33.1 F45.41 Paroxetin (30mg) 51 41 24*

4 f 29 F34.1 F41, F68.8, F60.1 – 61 49 25

5 m 62 F33.1 - - 57 46 25

M
(SD)

55.00
(4.06)

44.20
(3.27)

24.80 (.46)
f

Pat., patient number; f, female; m, male; Psych. Med., psychiatric medication; M, Mean scores; SD, Standard deviation; RMT, Resting motor threshold; TI, Treatment intensity = 80% RMT; No. of
Sess., Number of sessions. * Patient 3 had a doctor’s appointment during the course of treatment and, thus, missed one session. Patients were taking daily antidepressants; doses were not changed
throughout the study.
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several steps had to be passed to reach patients’ homes. While one

practitioner with comprehensive expertise would generally be

sufficient during the actual TMS treatment, given that the risk of

an epileptic seizure is considered minimal (31), the transport and
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setup of the device in patients’ homes would have been hardly

feasibly without the support of the second practitioner. The size of

the stimulator itself led to exclusion of some patients from potential

study participation, since their living space was either too small or
TABLE 3 Estimated cost comparison between clinic-based and home-based TMS (per patient, 25 sessions).

Cost category
Clinic-
based
TMS (€)

Home-
based TMS
(€)

Source
Assumptions/ notes

Patients treated per TMS device
per day (using an aiTBS
protocol)

5 1 – 5
Home-based TMS: depending on the number of patients recruited for the
week of treatment

Practitioners needed per
treatment day

1 1 – 2
Emergencies are better handled with two practitioners in home-based
TMS

Personnel time per patient (total) 5 h 40 h Clinic: 0.2h x 25 sessions; Home-based: 8h/day x 5 days of treatment

Personnel costs 550€ 1760€ 29 22€/h

Room/facility costs 450€ - Amortized clinic space

Equipment depreciation &
maintenance*

600€ 600€
Assumed equal across settings to avoid overestimation of cost differences
despite possible lower utilization in home-based TMS

Insurance & liability 250€ 300€ Higher liability for home-based treatment

Transport – vehicle rental &
depreciation

– 450€ Van rental for 5 days

Transport – fuel – 350€ 30, 2025

Travel time (personnel) – 440€ ~ 20h travel time x 22€ (Reflected in full-day personnel allocation)

Electricity 120€ 14€**
Electricity prizes
in Germany,
2025

Clinic vs. household rates

Opportunity costs (idle device &
staff)

Low (included) High
Clinic-based TMS allows same-day replacement of cancelled patients;
home-based TMS results in a full-day loss of personnel and device
availability

Total estimated cost
(25 sessions)

2000 – 3000€ 3900 – 4800€ Conservative estimates
*Estimated per-patient cost, calculated as the sum of device depreciation, annual maintenance and insurance/transport risk.
**Electricity costs for home-based TMS must be covered by the patient.
aiTBS: accelerated intermittent theta-burst stimulation.
All estimates are based on current market values in Regensburg, Germany (2024–2025).
Clinic-based treatment benefits from economies of scale, allowing multiple patients per device and practitioner per day.
Home-based costs assume one full-time practitioner plus assistant, local fuel prices and average household electricity rates.
FIGURE 4

Mean evaluation of the user experience. This graph shows the mean scores of the 6 factors of the user experience questionnaire (UEQ) of all
patients based on the open-source evaluation method by Schrepp et al. (28). Higher scores correspond to better evaluation (range of the
transformed values: -3 (max. negative) to +3 (max. positive)).
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lacked appropriate access (e.g., an elevator or being on the ground

floor). Further, adverse weather conditions (e.g., heavy rain or

snow) posed additional risks of damage during loading and

unloading. Within patients’ homes, all patients were explicitly

instructed not to operate the device and to leave it undisturbed.

The device was positioned to minimize interference, occasionally

within a dedicated or partially restricted area. In our pilot study,

there were no small children or pets present in any of the

households; therefore, in households with small children or pets,

future studies should only proceed with TMS treatment if the device

can be secured by the adult patient in a separate room, in order

to minimize the risk of accidental contact or injury. In the

event of accidental damage, the study would have been

discontinued and responsibility for any necessary repairs or

related actions would have rested with the study team, not the

patients. Generally, beyond operational safety, regulatory, liability

and insurance considerations are crucial for home-based TMS.

As TMS devices are certified medical devices (CE-marked),

their use outside clinical environments requires compliance

with applicable local regulations and institutional guidelines.

Responsibility for potential adverse events, including accidental

injury to patients or third parties or damage to the device, must

be clearly delineated, typically resting with the clinical institution

or study team. Adequate insurance coverage, encompassing

device transportation, on-site operation and potential third-party

liability is strongly recommended to mitigate legal and financial

risks. Incorporating such measures is crucial for both participant

safety and regulatory compliance in future home-based

TMS implementation.

The device required access to two power outlets in close

proximity. The use of household electricity further raised

important concerns regarding safety, regulation and liability.

Nevertheless, the fears have proven to be unfounded as the

DuoMAG XT-100 operates with a universal power supply of 100–

240 V AC, 50/60 Hz, allowing safe connection to standard electrical

circuits outside clinical hospital environments. The device is

designed according to medical electrical safety standards and

includes built-in protections to ensure stable and reliable

operation regardless of typical variations in external power supply

conditions (32).

With respect to tolerability, no serious side effects occurred. In

this pilot study, no additional emergency equipment or medications

were available on site and emergency management relied solely on

contacting an emergency physician if required. To ensure adequate

safety in home-based TMS, future studies should equip staff to

manage potential emergencies on site, including appropriate

training (e.g., proper use of oxygen equipment) and basic

emergency resources (e.g., oxygen or rescue medications such as

benzodiazepines under appropriate supervision). A relative high

number of minor side effects such as muscle twitches were reported.

Presumable this observation was related to the home-based setting,

e.g. by increased alertness to possible side effects and more

communication with the patients (e.g. during treatment pauses)

resulting in an increased attention on potential side effects than in a

clinical setting. In terms of the relationship between the patients

and the practitioners, the enhanced therapeutic relationship during
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home-based sessions may have contributed to the observed

remission rates at Follow-Up (3 out of 5 patients according to the

HAMD-21). Treatment pauses often included discussions of

patients ’ personal histories and depression symptom

improvement. Future studies should consider controlling for such

additional, potentially subconscious psychological influences

arising from interactions with practitioners in order to more

precisely isolate the effects of the TMS intervention itself.

Patients rated their overall experience with home-based TMS

positively in terms of convenience and general impression (UEQ

factors: attractiveness, perspicuity and novelty). However, the

dimensions of motivation (UEQ factors: stimulation and

efficiency) and trust in the device (dependability) were rated low,

suggesting a certain degree of uncertainty in using complex medical

technology outside clinical supervision. These findings emphasize

the importance of intuitive, user-centered device design and robust

safety monitoring.

Regarding structural and economic points, the costs of home-based

TMS treatment were higher compared to clinic-based administration,

despite identical treatment protocols. In this novel pilot study, we

decided to assign two practitioners for the implementation of the study

for safety reasons, resulting in substantially higher personnel costs.

Moreover, transportation, setup and calibration of the TMS device in

patients’ homes introduced additional logistical complexity and

financial burden. To address these challenges, future studies should

explore strategies to reduce on-site staffing demands, such as remote

supervision or hybrid caremodels and determine the minimum level of

oversight required to ensure safety and correct adherence to the

treatment protocol.

Home-based vs. clinic-based TMS

While home-based TMS involves substantial logistical and

organizational challenges, particularly regarding device transport,

setup and on-site staffing, it could still be envisioned as a

complementary strategy to reduce strain on healthcare systems.

In the present pilot study, each patient required the continuous

presence of two practitioners across several full working days, which

increased personnel costs and limited scalability compared to clinic-

based administration. Transporting, setting up and calibrating the

device added further logistical complexity and these organizational

demands need to be considered carefully when evaluating home-

based delivery.

Nevertheless, home-based TMS may offer important clinical

advantages. Patients who are severely impaired or geographically

distant could benefit from greater accessibility, reduced stress from

travel and improved adherence due to treatment in a familiar

environment. In our pilot study, all patients explicitly expressed

appreciation for receiving therapy without needing to leave their

homes, highlighting the potential benefits of comfort and privacy.

Decentralizing TMS treatment also presents organizational

opportunities. Mobile treatment models may help alleviate

pressure on clinics during periods of high demand or staff

shortages and could increase flexibility in the utilization of

devices and personnel, particularly in rural areas, potentially

reducing dropout rates.
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At the same time, home-based treatment with on-site personnel

remains resource-intensive, due not only to treatment time but also

to travel, device transport and setup, leading to higher personnel

and logistical demands. Future studies should explore strategies to

reduce on-site staffing requirements, for example through hybrid

care models or the use of portable TMS devices that do not require

continuous supervision. Most of the logistical disadvantages

observed in the present study could be avoided with smaller,

more easily portable stimulators, as recently developed by Qi

et al. (21). Consideration of these factors is crucial for the design

of future applications and home-based device development.

Limitations and outlook

Findings are limited to feasibility and patient experience.

Practitioner experience was not formally assessed, despite its

relevance for feasibility, scalability and workforce burden. These

dimensions represent important areas for future research and

should be addressed through dedicated qualitative or mixed-

methods approaches in prospectively designed studies. Further,

the present pilot study used a conventional TMS device not

designed for home use. Future studies should focus on the

development and validation of lightweight, portable TMS systems,

ideally including automated coil positioning, remote monitoring

and robust safety features. Randomized controlled trials comparing

clinic- and home-based TMS protocols are needed. These should

control for environmental and interpersonal variables, such as the

amount of practitioner interaction or daily structure, both of which

may confound treatment effects. In this context, future studies

should assess expectation effects, as they may influence symptom

reporting and perceived tolerability. Future studies could

incorporate standardized measures, such as the Treatment

Expectancy Questionnaire (TEX-Q), to better account for these

potential effects. Further, this study did not systematically collect

qualitative data on aspects specific to home-based TMS, such as

perceived advantages and disadvantages of receiving treatment at

home, sense of safety, or disruption of daily routines.
Conclusion

This feasibility study demonstrates that antidepressive home-

based TMS treatment using a conventional clinical device is

technically possible and leads to symptom reduction but is

associated with substantial logistical and financial challenges. This

may limit its potential as a standard therapeutic approach in the

future, but it could still be implemented in cases where specific

needs arise. Our findings also highlight the potential for portable,

autonomous TMS systems designed specifically for home-based

treatment. If successfully developed, such systems could expand

access to neuromodulatory therapies, improve treatment adherence

and reduce the burden on clinical infrastructure, particularly for

patients who would otherwise be excluded from standard care. This

includes individuals with significant mobility limitations, physically

vulnerable older adults, patients living in remote or underserved

areas and those with intensive caregiving responsibilities that limit
Frontiers in Psychiatry 08
their ability to attend regular clinical appointments. These patients

often encounter substantial logistical, physical or social challenges

that may prevent consistent attendance at clinic-based sessions and

may experience additional stress related to travel and disruption of

daily routines. By delivering treatment directly in the home, home-

based TMS can reduce travel-related burden, accommodate

individual schedules and potentially improve adherence and

continuity of care. Further, this approach may also be applicable

in healthcare facilities without on-site TMS equipment, where a

trained practitioner could deliver and supervise treatment, ensuring

adherence to safety protocols. As long as a portable, autonomous

TMS system has not been developed yet, maintaining appropriate

monitoring and standard emergency procedures in such settings

would remain essential to guarantee patient safety and broaden the

clinical relevance of this method.
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3. Lefaucheur JP, André-Obadia N, Antal A, Ayache SS, Baeken C, Benninger DH,
et al. Evidence-based guidelines on the therapeutic use of repetitive transcranial
magnetic stimulation (rTMS): An update, (2014-2018). Clin neurophysiol: Off J Int
Fed Clin Neurophysiol. (2020) 131:474–528. doi: 10.1016/j.clinph.2019.11.002

4. Neuteboom D, Zantvoord JB, Goya-Maldonado R, Wilkening J, Dols A, van Exel E,
et al. Accelerated intermittent theta burst stimulation in major depressive
disorder: A systematic review. Psychiatry Res. (2023) 327:115429. doi: 10.1016/
j.psychres.2023.115429

5. Cheng CM, Li CT, Tsai SJ. Current updates on newer forms of transcranial magnetic
stimulation in major depression. Major depressive disorder: Rethinking and
understanding recent discoveries. Advances in Experimental Medicine and Biology.
(2021) 1305:333–49. doi: 10.1007/978-981-33-6044-0_18

6. Huang YZ, Rothwell JC. The effect of short-duration bursts of high-frequency, low-
intensity transcranial magnetic stimulation on the human motor cortex. Clin
Neurophysiol. (2004) 115:1069–75. doi: 10.1016/j.clinph.2003.12.026

7. Blumberger DM, Vila-Rodriguez F, Thorpe KE, Feffer K, Noda Y, Giacobbe P, et al.
Effectiveness of theta burst versus high-frequency repetitive transcranial magnetic
stimulation in patients with depression (THREE-D): a randomised non-inferiority trial.
Lancet. (2018) 391:1683–92. doi: 10.1016/S0140-6736(18)30295-2

8. Cole EJ, Stimpson KH, Bentzley BS, Gulser M, Cherian K, Tischler C, et al. Stanford
accelerated intelligent neuromodulation therapy for treatment-resistant depression.
Am J Psychiatry. (2020) 177:716–26. doi: 10.1176/appi.ajp.2019.1907072

9. Cole EJ, Phillips AL, Bentzley BS, Stimpson KH, Nejad R, Barmak F, et al. Stanford
neuromodulation therapy (SNT): a double-blind randomized controlled trial. Am J
Psychiatry. (2022) 179:132–41. doi: 10.1176/appi.ajp.2021.20101429

10. Baeken C. Accelerated rTMS: a potential treatment to alleviate refractory
depression. Front Psychol. (2018) 9:2017. doi: 10.3389/fpsyg.2018.02017

11. Wu GR, Duprat R, Baeken C. Accelerated iTBS changes perfusion patterns in
medication resistant depression. J Affect Disord. (2022) 306:276–80. doi: 10.1016/
j.jad.2022.03.036

12. Dragon K, Abdelnaim MA, Weber FC, Heuschert M, Englert L, Langguth B, et al.
Treating depression at home with transcranial direct current stimulation: a feasibility
study. Front Psychiatry. (2024) 15:1335243. doi: 10.3389/fpsyt.2024.1335243

13. Kumpf U, Palm U, Eder J, Ezim H, Stadler M, Burkhardt G, et al. TDCS at home
for depressive disorders: an updated systematic review and lessons learned from a
prematurely terminated randomized controlled pilot study. Eur Arch Psychiatry Clin
Neurosci. (2023) 273:1403–20. doi: 10.1007/s00406-023-01620-y

14. Woodham RD, Selvaraj S, Lajmi N, Hobday H, Sheehan G, Ghazi-Noori AR, et al.
Home-based transcranial direct current stimulation treatment for major depressive
disorder: a fully remote phase 2 randomized sham-controlled trial. Nat Med. (2025)
31:87–95. doi: 10.1038/s41591-024-03305-y

15. Baryshev G, Bozhko Y, Konashenkova N, Kavkaev K, Kuznetsova Y. Principles of
development of a mobile system for transcranial magnetic stimulation. Proc Comput
Sci. (2020) 169:359–64. doi: 10.1016/j.procs.2020.02.230

16. Rusjan PM, Barr MS, Farzan F, Arenovich T, Maller JJ, Fitzgerald PB, et al. Optimal
transcranial magnetic stimulation coil placement for targeting the dorsolateral
prefrontal cortex using novel magnetic resonance image-guided neuronavigation.
Hum Brain Mapp. (2010) 31:1643–52. doi: 10.1002/hbm.20964

17. Lerner AJ, Wassermann EM, Tamir DI. Seizures from transcranial magnetic
stimulation 2012–2016: results of a survey of active laboratories and clinics. Clin
Neurophysiol. (2019) 130:1409–16. doi: 10.1016/j.clinph.2019.03.016

18. Zis P, Shafique F, Hadjivassiliou M, Blackburn D, Venneri A, Iliodromiti S, et al.
Safety, tolerability, and nocebo phenomena during transcranial magnetic stimulation: a
systematic review and meta-analysis of placebo-controlled clinical trials.
Neuromodulation: Technol at Neural Interface. (2020) 23:291–300. doi: 10.1111/
ner.12946

19. Alaghband-Rad J, Motamed M, Khazaeipour Z, Farhadbeigi P. Pattern of
compliance and efficacy of repetitive transcranial magnetic stimulation protocol for
treating major depressive disorder among treatment participants and completers: A
report from Iran. Basic Clin Neurosci. (2023) 14:511. doi: 10.32598/bcn.2021.3369.1

20. Abbasi S, Alluri S, Leung V, Asbeck P, Makale MT. Design and validation of
miniaturized repetitive transcranial magnetic stimulation (rTMS) head coils. Sensors.
(2024) 24:1584. doi: 10.3390/s24051584

21. Qi Z, Liu H, Jin F, Wang Y, Lu X, Liu L, et al. A wearable repetitive transcranial
magnetic stimulation device. Nat Commun. (2025) 16:2731. doi: 10.1038/s41467-025-
58095-9

22. Barker AT, Jalinous R, Freeston IL. (1985). Non-invasive magnetic stimulation of
human motor cortex. The Lancet, 325 (8437), 1106–07.

23. Rossini PM, Barker AT, Berardelli A, Caramia MD, Caruso G, Cracco RQ, et al. Non-
invasive electrical and magnetic stimulation of the brain, spinal cord, and roots: Basic
principles and procedures of transcranial magnetic stimulation. Electroencephalography Clin
Neurophysiol. (1994) 91:79–92. doi: 10.1016/0013-4694(94)90013-4

24. Beam W, Borckardt JJ, Reeves ST, George MS. An efficient and accurate new
method for locating the F3 position for prefrontal TMS applications. Brain Stimul.
(2009) 2:50–4. doi: 10.1016/j.brs.2008.09.006

25. Mir-Moghtadaei A, Caballero R, Fried P, Fox MD, Lee K, Giacobbe P, et al.
Concordance between BeamF3 and MRI-neuronavigated target sites for repetitive
frontiersin.org

https://www.who.int/news-room/fact-sheets/detail/depression
https://www.who.int/news-room/fact-sheets/detail/depression
https://doi.org/10.1017/S1461145713001065
https://doi.org/10.1016/j.clinph.2019.11.002
https://doi.org/10.1016/j.psychres.2023.115429
https://doi.org/10.1016/j.psychres.2023.115429
https://doi.org/10.1007/978-981-33-6044-0_18
https://doi.org/10.1016/j.clinph.2003.12.026
https://doi.org/10.1016/S0140-6736(18)30295-2
https://doi.org/10.1176/appi.ajp.2019.1907072
https://doi.org/10.1176/appi.ajp.2021.20101429
https://doi.org/10.3389/fpsyg.2018.02017
https://doi.org/10.1016/j.jad.2022.03.036
https://doi.org/10.1016/j.jad.2022.03.036
https://doi.org/10.3389/fpsyt.2024.1335243
https://doi.org/10.1007/s00406-023-01620-y
https://doi.org/10.1038/s41591-024-03305-y
https://doi.org/10.1016/j.procs.2020.02.230
https://doi.org/10.1002/hbm.20964
https://doi.org/10.1016/j.clinph.2019.03.016
https://doi.org/10.1111/ner.12946
https://doi.org/10.1111/ner.12946
https://doi.org/10.32598/bcn.2021.3369.1
https://doi.org/10.3390/s24051584
https://doi.org/10.1038/s41467-025-58095-9
https://doi.org/10.1038/s41467-025-58095-9
https://doi.org/10.1016/0013-4694(94)90013-4
https://doi.org/10.1016/j.brs.2008.09.006
https://doi.org/10.3389/fpsyt.2026.1731673
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org


Kerkel et al. 10.3389/fpsyt.2026.1731673
transcranial magnetic stimulation of the left dorsolateral prefrontal cortex. Brain
Stimul. (2015) 8:965–73. doi: 10.1016/j.brs.2015.05.008

26. Hamilton MAX. Development of a rating scale for primary depressive illness. Br J
Soc Clin Psychol. (1967) 6:278–96. doi: 10.1111/j.2044-8260.1967.tb00530.x

27. Bech P, Rasmussen NA, Olsen LR, Noerholm V, Abildgaard W. The sensitivity and
specificity of theMajor Depression Inventory, using the Present State Examination as the index
of diagnostic validity. J Affect Disord. (2001) 66:159–64. doi: 10.1016/S0165-0327(00)00309-8

28. Schrepp M, Hinderks A, Thomaschewski J. Construction of a benchmark for the
user experience questionnaire (UEQ). Int J Interact Multimed Artif Intell. (2017) 4:39–45.
doi: 10.9781/ijimai.2017.445
Frontiers in Psychiatry 10
29. Jobvector. Pflegefachkraft Gehalt in Regensburg (2024). Available online at: https://
www.jobvector.de (Accessed October 10, 2026).

30. Benzinpreis Aktuell. Dieselpreise in Regensburg (2025). Available online at: https://
www.benzinpreis-aktuell.de.

31. Stul tz DJ , Osburn S, Burns T, Pawlowska-Wajswol S, Walton R.
Transcranial magnetic stimulation (TMS) safety with respect to seizures: a
l i t e ra ture rev iew. Neuropsych ia t r Di s Trea t . (2020) 16 :2989–3000 .
doi: 10.2147/NDT.S276635

32. Deymed Diagnostic. DuoMAG XT TMS stimulator – Technical specifications
(2023). Available online at: https://deymed.com/duomag-xt.
frontiersin.org

https://doi.org/10.1016/j.brs.2015.05.008
https://doi.org/10.1111/j.2044-8260.1967.tb00530.x
https://doi.org/10.1016/S0165-0327(00)00309-8
https://doi.org/10.9781/ijimai.2017.445
https://www.jobvector.de
https://www.jobvector.de
https://www.benzinpreis-aktuell.de
https://www.benzinpreis-aktuell.de
https://doi.org/10.2147/NDT.S276635
https://deymed.com/duomag-xt
https://doi.org/10.3389/fpsyt.2026.1731673
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

	Feasibility of home-based accelerated intermittent theta-burst stimulation (aiTBS) for depression: a case series
	Introduction
	Methods and materials
	Implementation of the home-based TMS study
	Transcranial magnetic stimulation
	Assessment
	Statistical analysis

	Results
	Feasibility
	Efficacy
	Tolerability
	Patient experience: evaluation of the home-based treatment
	Comparison of costs: clinic-based vs. home-based TMS

	Discussion
	Home-based vs. clinic-based TMS
	Limitations and outlook

	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher’s note
	References


