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ABSTRACT 
Introduction: Repetitive transcranial magnetic 
stimulation (rTMS) is used for treatment-resistant major 
depressive disorder (MDD) and obsessive-compulsive 
disorder (OCD), but there are few studies on patient 
outcomes in Southeast Asia. In this study, we describe 
the clinical profile and outcome of patients with MDD 
and OCD treated with rTMS in Singapore. 

Method: A naturalistic retrospective study of 71  
patients (inpatient and outpatient) who received rTMS 
treatment between June 2018 and April 2023 was 
conducted. The depressive and obsessive outcome 
rating scales used were clinician-rated Montgomery–
Åsberg Depression Rating Scale (MADRS), Yale–Brown 
Obsessive Compulsive Scale (Y-BOCS), Clinical Global 
Impressions-Severity (CGI-S) and self-rated Depression 
Anxiety and Stress Scale-21 (DASS-21). 

Results: Clinician-rated and self-rated mood and  
general condition improved significantly. MADRS  
mean score improved from 28.1 (standard deviation  
[SD] 7.3) to 20.7 (SD 10.1) (P<0.0001) (20.8% response 
rate/17% remission rate). CGI-S mean 4.6 (SD 0.8) 
improved to 3.3 (SD 1.2) (P<0.0001). DASS-21 total 
mean improved from 67.3 (SD 24.6) to 49.6 (SD 28.0) 
(P<0.0001). Y-BOCS mean score displayed a trend 
towards improvement from 30.1 (SD 7.5) to 27.2 (SD 
6.9) (P=0.799). However, 44.4% of patients with OCD 
responded with a minimal 20% reduction in baseline 
Y-BOCS. Moreover, the subgroup of 35.8% of patients 
with less than 30 rTMS sessions had contributed 
disproportionately to nonresponse (85.7%). Patients  
who received rTMS treatment (>30 sessions) had a  
trend of larger improvement of MADRS score when 
compared to patients with (≤30 sessions) (9.4 [SD 9.7] 
versus 3.8 [SD 12.3] [P=0.078]).

Conclusion: Response and remission rates for MDD  
and OCD suggest patients have a good response to  
rTMS treatment. Dosing longer rTMS sessions after 
an acute course helps to maximise effectiveness. 
Further research to determine predictors of outcome 
and characterise clinical features of late responders to  
target treatment more effectively is recommended.
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CLINICAL IMPACT

What is New

•	 This is one of the largest naturalistic study 
reporting outcomes of rTMS therapy in 
Southeast Asia for the treatment of major 
depression and obsessive-compulsive disorders.   

Clinical Implications

•	 This study demonstrated that rTMS treatment 
was a rapid-acting, effective, safe and well-
tolerated alternative treatment option for 
treatment-resistant depression and obsessive-
compulsive disorders. 

•	 This finding could affect the clinical practice of 
rTMS dosing. Dosing additional rTMS treatment 
with more than 30 sessions might help more 
patients with major depression to have a 
meaningful improvement.

INTRODUCTION 
Repetitive transcranial magnetic stimulation (rTMS) 
is a novel and noninvasive neuromodulation therapy 
used for treatment-resistant major depressive 
disorder (MDD)1 and obsessive-compulsive 
disorder (OCD).2 OCD and depression are disabling  
psychiatric disorders, which have a detrimental 
impact on individuals, their families and society.3,4 
The lifetime prevalence of depression is high at 5.8% 
and OCD affects 1 in 28 Singaporeans.5 Depression 
contributes substantially to the global burden of 
disease and disability.6 However, despite effective 
pharmacological and psychological interventions, 
approximately 40% to 50% of patients have not 
responded satisfactorily to standard treatment.7

rTMS involves placing an electromagnetic coil 
against the scalp, which generates repetitive pulses  
to depolarise neurons in the outer cortex of the 
brain (via an alternating magnetic field).8 Following 
the US Food and Drug Administration clearance 
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in 2008 for MDD1 and in 2018 for OCD, rTMS has  
been adopted into routine clinical practice and 
established a favourable effectiveness and safety 
profile for psychiatric disorders. It has emerged  
as a mainstream treatment in many developed 
countries,9,10 including Singapore, where the  
College of Psychiatrists endorsed the use of rTMS  
for depression in 2015 and OCD in 2018.11 rTMS 
service is provided by the Institute of Mental Health, 
Singapore’s only tertiary psychiatric hospital, with 
1900 inpatient beds and about 40,000 outpatients.12

Most recent naturalistic and registry studies of 
the rTMS treatment of MDD reported that overall 
response and remission rates have ranged between 
29% to 51% and 6% to 37%,13-18 respectively. 
Although rTMS for treating OCD has been  
promising, Rostami et al. reported a response rate 
of 46.2%, based on a 30% reduction of Yale–Brown 
Obsessive Compulsive Scale (Y-BOCS) baseline 
scores.19 The efficacy of rTMS treatment for  
naturalistic OCD patients remains under-explored. 
rTMS is well accepted by both patients and 
psychiatrists due to its cost-effectiveness20 and the 
absence of serious side effects. 

The optimal dosage of rTMS is unknown. rTMS 
outcomes were heterogeneous based on response 
trajectory.21,22 Hence, there was no gold standard 
regarding rTMS dosing across clinics: Griffiths et 
al. averaging 26.6 sessions (standard deviation 
[SD] 9.45),15 Dowling et al. reported 20 sessions14 
and Carpenter et al. reported an average of 28.1 
sessions (SD 10.1)17 for MDD. Studies examining the 
number of rTMS sessions on the clinical outcome are 
inconclusive. In an Australian study, 40% of patients 
who were nonresponsive to the previous course 
responded to second and third courses with the 
same rTMS modalities.13 On the contrary, Dowling 
et al. underscored the possibility that briefer rTMS  
courses (20 courses over 4 weeks) contribute to a 
superior response rate of 54% and remission rate  
of 28%.14 Additionally, Feffer et al. found that 
with early treatment response achieved at 10 
sessions,22 the effectiveness of rTMS might  
diminish or plateau despite continued treatment 
with more sessions of previous modalities.  
Therefore, consistent and robust dose-response 
effects had not yet emerged. Guidelines in  
Singapore suggested that rTMS requires at least 
30 sessions for optimal therapeutic effects, with  
some individuals possibly benefiting from longer 
courses.11 rTMS was often perceived to be inconve-
nient and costly. Patients’ access to additional  
courses was limited due to cost and time  
commitment. The Ministry of Health (MOH),  
Singapore has approved a subsidy to cover 
the expense of rTMS treatment for an initial 24  

sessions.23 Patients had to self-pay for additional 
sessions in case of delayed response or not having 
achieved remission. Given the logistical burden of 
rTMS, there was a need to understand the average 
trajectory of symptom changes during the rTMS 
course, and the patient profile might benefit from 
the pronged treatment course. 

To date, studies describing rTMS service in  
Southeast Asia remain limited. Clinical trials 
in Singapore with a similar multiethnic Asian  
population demonstrated the efficacy of rTMS.24,25 
However, participants were subject to restrictive 
selection criteria. In naturalistic studies, patients  
differ from those recruited in research and have a 
broader range of symptomatology and comorbidity.26 

This study addressed the gap with 2 main  
objectives. First, we aimed to describe the clinical 
profile and outcome of rTMS (response and  
remission rates) .  We sought to compare  
symptomatic changes in subgroups (MDD and  
OCD) from pre- to post-rTMS treatment. Second, 
we aimed to examine whether dosing additional 
treatment (>30 sessions) resulted in further  
meaningful clinical improvement for MDD. Hutton 
et al. suggested that rTMS courses with less than 
30 sessions are associated with inferior endpoint 
outcomes.27 We hypothesised that the cohort  
where patients received longer treatment courses  
had a trend of a larger reduction in depressive 
symptoms.

METHOD 

Study participants  
We retrospectively analysed a dataset of patients 
who received rTMS between June 2018 and  
April 2023 at the Institute of Mental Health, 
Singapore. Patients were included if they: (1) 
received rTMS for a primary diagnosis of MDD and 
OCD; (2) are ≥18 years old; (3) had completed both 
baseline and post-treatment assessment measures. 
Exclusion criteria included the following: (1) drug or 
alcohol abuse or dependence (preceding 3 months); 
(2) unable to give informed consent; (3) acute 
suicidality; (4) significant neurological disorder,  
which may pose an increased risk to rTMS (epilepsy); 
(5) metal in the cranium, metallic implants, skull 
defects, pacemaker or other implantable electronic 
devices; (6) pregnancy. Patient’s sociodemographic 
and clinical characteristics, including rTMS treatment 
and outcome, were extracted from the Clinical 
Alliance and Research in Electroconvulsive Therapy 
and Related Therapies (CARE) research database.28 
Ethical approval to conduct the study was obtained 
from the National Healthcare Group’s Domain 
Specific Review Board (Reference no.: 2023/00415).
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Patients were referred for rTMS assessment by 
attending psychiatrists who had made clinical 
diagnoses based on the Diagnostic and Statistical 
Manual of Mental Disorder, 5th Edition. The  
patients were typically referred for treatment- 
resistant MDD/OCD. The subgroup of patients  
treated for OCD with comorbid depressive  
symptoms was grouped under the “OCD”  
diagnosis. 

rTMS procedure 
Before receiving rTMS treatment, patients were 
assessed by a psychiatrist who confirmed the 
patient’s suitability. The pre-rTMS assessment 
included thoroughly screening the patient’s 
sociodemographic, medical and psychiatric history. 
The individualised treatment dose was determined 
via the resting motor threshold (RMT) from the 
respective first dorsal interosseous muscle for 
dorsolateral prefrontal cortex (DLPFC) targets or  
foot motor cortex for OCD and dorsomedial 
prefrontal cortex (DMPFC).1 All patients gave  
written consent. 

After the rTMS psychiatrist’s assessment and 
determination of the treatment dosage, trained  
nurses conducted scalp measurement and pre-
treatment screening for patients at the next visit. 
Patients experienced the feel of the stimulation on  
their hands before the actual treatment. During 
treatment, rTMS was conducted in a room with 
facilities to manage seizures. Patients were seated 
in a reclining chair with earplugs. The treatment 
dosage started low (80% of RMT), and intensity 
was slowly ramped up based on the patient’s 
tolerability. On average, patients achieved the 
prescribed dosage by the 4th session. Nurses 
observed the patient and made minor adjustments  
if the coil is out of place. Nurses also ensured the  
patients are comfortable by asking how they are  
faring. Patients signalled to the nurse if they wish 
to request time out. Patients with OCD experience  
the treatment regimen differently, as nurses 
are required to provoke the patient using the  
provocation script. The tailored provocation scripts  
were prepared by psychologists and designed to 
activate patients’ OCD traits and brain circuitry.

rTMS was delivered using TMS machine MagPro 
X100 and Coil Cool D-B80 (MagVenture Inc, GA, 
US). Scalp-based measurements of the distance 
between tragus to tragus, and nasion to the inion, 
accounting for head circumference and size, were 
used to ensure accurate coil placement. The  
scalp measurement procedure requires patients to 
wear treatment caps snugly. Nurses will verify the 
consistency of treatment cap placement prior to 

each treatment. Patients were treated using 1 of 
the 5 protocols: (1) in the high frequency (HF)-rTMS 
protocol, 10 Hz, 3000 pulses with 120% of motor 
threshold were delivered to the left DLPFC. The  
Beam F3 method was used to locate the DLPFC, 
following the location coordinates using the  
Beam F3 software (X and Y+1.5 cm). (2) In the low 
frequency (LF)-rTMS protocol, 1 Hz, 1500 pulses  
with 120% RMT were delivered to the right  
DLPFC. (3) In the dorsomedial (DM)-rTMS protocol, 
20 Hz, 1200 pulses with 120% motor threshold  
were delivered to DMPFC, defined as 25% of the 
distance between the nasion to the inion along  
the midline of the head. The coil handle alternates 
from the right and left sides of the head.29 (4) In 
the AF8-rTMS protocol, 1 Hz, 720 pulses with 
120% RMT were delivered to the right orbitofrontal  
cortex, defined as 10% of the distance between 
the nasion to the inion anterior to the vertex in the 
sagittal plane, then 10% of head circumference  
to the right. The coil was orientated laterally with 
a handle perpendicular to the axial plane of the  
head.30 (5) In the OCD-rTMS protocol, 2000 pulses  
with 100% RMT were delivered over 4 cm anterior  
to the optimal spot on the scalp, stimulating  
bilateral feet. The type of treatment and number 
of rTMS sessions were prescribed by the rTMS 
psychiatrist. Generally, 1 standard treatment  
course lasts about 20–30 minutes for 5 daily  
sessions per week, up to 24–30 sessions over 
4–6 weeks, followed by maintenance treatment.  
Subsidies approved by MOH are currently only 
available for treatment-resistant major depressive 
disorder for the first 24 sessions in an acute course. 
Patients must self-pay a small amount of cash out 
of pocket. The cost of extended rTMS sessions  
was paid entirely by the patients. All patients  
received a standard course of 30 daily treatments. 
Those who achieved a >25% Montgomery–Åsberg 
Depression Rating Scale (MADRS) improvement 
at session 30 were offered additional treatment  
to optimise treatment response and durability. 
Clinically, the rTMS psychiatrist stopped at 30 
sessions based on whether patients showed ≤25% 
improvement in MADRS score. Factors to consider 
in extending the acute course include a history 
of late response to anti-depressant treatment 
in prior episodes, having a lengthy duration of  
present episodes, being highly treatment-resistant, 
ability to pay, tolerability and convenience.31

Outcome measures
The MADRS,32 Y-BOCS33 and Clinical Global 
Impressions-Severity (CGI-S)34 were assessed by  
the rTMS psychiatrist at baseline, and then  
fortnightly or after every 10 treatments until 
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and 21.2% had tried electroconvulsive therapy  
(ECT) in the past.

Safety and tolerability 
To ensure tolerability during stimulation, patients 
will undergo periodic mood assessments by rTMS 
psychiatrists after every 10th treatment. In addition, 
before and after each rTMS session, patients will  
be asked about any side effects and adverse  
events experienced. Spontaneous reports of 
side effects will be documented, and the rTMS 
psychiatrist will be notified. Most patients treated 
with rTMS reported no significant adverse events. 
There have been no seizures or mood switches to 
mania. The commonly reported adverse side effects 
were localised discomfort and mild headaches 
during the first week of treatment. 

rTMS treatment outcome 
For patients diagnosed with depression, rTMS 
induced an improvement in depressive symptoms. 
The response rate and remission rate were  
20.8% and 17%, respectively. The MADRS total 
mean score improved from a baseline of 28.1  
(SD 7.3) to 20.7 (SD 10.1) (P<0.0001). The patients 
were assessed as “markedly ill” based on CGI-S 
baseline mean score, which improved significantly 
(P<0.0001), from 4.6 (SD 0.8) to 3.3 (SD 1.2). For  
self-rated scales, DASS-21 total mean score 
improved from 67.3 (SD 24.6) to 49.6 (SD 28.0) 
(P<0.0001) (Table 2).

Y-BOCS displayed a trend towards improvement 
from 30.1 (SD 7.5) to 27.2 (SD 6.9) (P=0.799).  
However, 44.4% of patients with OCD responded  
with at least 20% reduction in baseline Y-BOCS  
(Table 3).

Clinical outcome is stratified by the number of 
rTMS treatment sessions
We further examined clinical outcomes in MDD 
patients based on the number of rTMS sessions. 
The subgroup of 35.8% of patients with less than 30 
rTMS sessions had contributed disproportionately 
to nonresponse (85.7%). Patients who received 
rTMS treatment (>30 sessions) had a trend of  
larger improvement of MADRS score when 
compared to patients with (≤30 sessions) (9.4  
[SD 9.7] vs 3.8 [SD 12.3] [P=0.078]) (Tables 4 and 5).

DISCUSSION
To our knowledge, this is the largest naturalistic 
study reporting outcomes in rTMS therapy in 
Southeast Asia for the treatment of MDD and OCD. 
This study demonstrated that rTMS treatment was 
a rapid-acting, effective, safe and well-tolerated 

completion of the acute course. Depression Anxiety 
and Stress Scale-21 (DASS-21)35 was administered  
as a self-rated scale weekly.

MADRS was used to measure depression severity. 
The response was defined as a reduction ≥50%  
from baseline in MADRS score, and remission was 
defined as an MADRS score ≤10.36 Y-BOCS were  
used to assess the clinical severity of obsessive 
symptoms, and the response rate is defined by a 
20% or less reduction in baseline Y-BOCS score. 
The MADRS, Y-BOCS, CGI-S and DASS-21 were the 
primary outcome measures, and the other measures 
were treated as secondary measures. 

Statistical analysis
A descriptive analysis was performed for 
sociodemographic, clinical rTMS characteristics 
and baseline assessment scores. Paired t-tests 
were used for continuous variables and chi-squared 
tests for categorical variables. Continuous variables 
were presented as mean (SD), whereas categorical 
variables were presented as percentages.

The number of rTMS treatment sessions was 
stratified into ≤30 sessions and >30 sessions. The 
trend difference in changes of MARDS scores from 
baseline to post-treatment in the 2 subgroups  
was analysed by Levene’s test for equality of  
ariances and paired t-test. All statistical analyses  
were conducted using IBM SPSS Statistics version  
22.0 (IBM Corp, Armonk, NY, US). Statistical 
significance was set at P<0.05.  

RESULTS

Pat ient sociodemographic  and c l in ica l  
characteristics 
A total of 71 patients (MDD 58 [81.7%]/OCD  
13 [18.3%]) received a mean average of 47.8 (SD 
40.5) rTMS sessions. The mean average age was 
33.6 (SD 14.8), and there were more females (60%). 
Of the 71 patients, 33.8% were highly educated 
(defined by education level above university). The 
largest ethnic group was Chinese (73.2%), compared 
to Indian (14.1%), Malay (5.6%) and Others (7.0%). 

This study population was mostly severely ill  
(based on baseline CGI-S score) and was typically 
referred for rTMS due to treatment resistance to 
pharmacological treatment (64.8%) with more 
than 24 months of illness duration (29.6%) and 3 
or more previous episodes of their illness (28.2%).  
The majority of the rTMS treatment was left DLPFC 
(45%). Patients were receiving treatment with 
concomitant medications/therapy: antidepressants 
(73.2%), benzodiazepine (47%), clozapine (5.6%) 
and antipsychotics besides clozapine (40%);  
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Table 1. Sociodemographic and clinical characteristics of the study sample.

Patient characteristics  Mean  SD

Age 71 patients 33.6 14.8

Average no. of rTMS sessions 70 47.89 40.5

  N Percentage 

Sex Female 43 60.6

Male 28 39.4

Ethnicity Chinese 52 73.2

Indian 10 14.1

Malay 4 5.6

Others 5 7.0

Education level University and above 24 33.8

College/Junior college 19 26.7

The Institute of Technical Education/Diploma 9 0.1

Secondary and below 13 18.3

MDD treatment sessionsa ≤30 sessions 19 35.8

>30 sessions 34 64.2

OCD treatment sessions ≤30 sessions 5 38.5

>30 sessions 8 61.5

Diagnosis OCD 13 18.3

MDD 58 81.7

Treatment sites F3 32 45.1

F4 13 18.3

OCD spot 13 18.3

DMPFC 2 2.8

AF8 11 15.5

Switching of rTMS modality No 48 67.6

Yes 22 31.0

Admission status Inpatient (involuntary) 11 15.5

Inpatient (voluntary) 18 25.4

Outpatient 41 57.7

Duration of current episodea Acute (≤12 months) 19 26.8

Sub-acute (13–24 months) 11 15.5

Chronic (>24 months) 21 29.6
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Table 1. Sociodemographic and clinical characteristics of the study sample. (Cont’d)

Patient characteristics N Percentage

Previous depressive episode, rangea 0 5 7.0

1–3 17 23.9

>3 20 28.2

Main reasons refer to TMS treatment Difficult to treat with medications (poor 
tolerability/risks)

2 2.8

Failure of medications 46 64.8

Suicide 4 5.6

Patient preference 6 8.5

Previous good response to this treatment 
modality

1 1.4

Others 1 1.4

Antidepressanta No 5 7.0

Yes 52 73.2

Clozapinea No 52 73.2

Yes 4 5.6

Antipsychotics other than clozapinea No 27 38.0

Yes 29 40.8

Lithiuma No 46 64.8

Yes 10 14.1

Anticonvulsanta No 39 54.9

Yes 18 25.4

Stimulanta No 51 71.8

Yes 6 8.5

Benzodiazapinea No 23 32.4

Yes 34 47.9

No. of failed antidepressants Failed ≥3 antidepressant 47 66.2

Failed 1–2 antidepressant 15 21.1

Failed 0 antidepressant 1 1.4

Past use of/Response to ECTa No prior ECT 40 56.3

Good response to prior ECT 2 2.8

Partial response to prior ECT 6 8.5

Poor response to prior ECT 7 9.9

a Data total not complete due to missing value
AF8: right orbitofrontal cortex; DMPFC: dorsomedial prefrontal cortex; ECT: electroconvulsive therapy; F3: left dorsolateral prefrontal 
cortex; F4: right dorsolateral prefrontal cortex; MDD: major depressive disorder; OCD: obsessive-compulsive disorder; rTMS: repetitive 
transcranial magnetic stimulation; SD: standard deviation
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Table 2. rTMS-associated change of clinical MDD assessment outcome before and after treatment.

Assessment scales Pre-rTMS Post-rTMS Paired t-test P value 

N Mean SD  N Mean SD  

MADRS 53 28.1 7.3 53 20.7 10.1 0.0001a

CGI-S 52 4.6 0.8 52 3.3 1.2 0.0001a

DASS-21 total scores 51 67.3 24.6 51 49.6 28.0 0.0001a

a Independent t-test: P<0.001
CGI-S: Clinical Global Impressions-Severity; DASS-21: Depression Anxiety and Stress Scale-21; MARDS: Montgomery–Åsberg Depression 
Rating Scale; MDD: major depressive disorder; rTMS: repetitive transcranial magnetic stimulation; SD: standard deviation

Table 3. rTMS-associated change of clinical OCD assessment outcome before and after treatment.

Assessment scale Pre-rTMS Post-rTMS  Paired t-test P value 

N Mean SD  N Mean SD  

Y-BOCS 12 30.1 7.5 11 27.2 6.9 0.799

OCD: obsessive-compulsive disorder; rTMS: repetitive transcranial magnetic simulation; SD: standard deviation; Y-BOCS: Yale–Brown 
Obsessive Compulsive Scale

Table 4. Change of MADR score stratified by 2 subgroups.

  Session N Mean SD Standard error mean

MADRSc ≤30 19 3.8 12.3 2.8

  >30 34 9.4 9.7 1.6

MADR: Montgomery–Åsberg Depression Rating Scale; MADRSc: change of MARDS score from baseline to post-rTMS treatment;  
SD: standard deviation

Table 5. Clinical outcome associated with change of MADR score.

Levene’s test 
for equality of 

variances

t-test for equality of means

F Sig. T df Sig. 
(2-tailed)

Mean 
difference

Standard 
error 

difference

95% confidence 
interval of the 

difference

Lower Upper

MADRSc Equal 
variances 
assumed

3.242 0.078a -1.8 51 0.078 -5.517 3.067 -11.68 0.641

Equal 
variances 
assumed

-1.7 30.69 0.103 -5.517 3.28 -12.21 1.176

a P=0.078 
MADR: Montgomery–Åsberg Depression Rating Scale; MADRSc: change of MARDS score from baseline to post-rTMS treatment
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alternative treatment option for treatment-resistant 
MDD and OCD. Patients who received more than 30 
sessions of an rTMS course are more likely to have 
improvement in depressive symptom severity than 
those having less than 30 sessions.

This study showed the efficacy of rTMS, using 
novel neurostimulation techniques in treatment-
resistant OCD and MDD. Results were consistent 
across naturalistic clinics using different outcome 
measurements, including Y-BOCS, Hamilton 
Depression Rating Scale (HAM-D), HAMD-17 
and CGI-S. There were 44.4% of patients with 
OCD who responded to rTMS—this result was 
consistent with previous studies, which reported 
a response rate of 40% to 55% based on the 
minimal 30% to 35% reduction in Y-BOCS baseline 
score.19,37 In comparing our depression clinician-
reported outcome with similar naturalist studies, 
the remission rate of 17% was encouraging and  
comparable to 3 studies: 25.5% (HAM-D)15 and  
28% (HAMD-17),14 lower than 37.1% (CGI-S).17 
However, the response rate of 20.8% was less 
robust than most studies that reported the response  
rates of 40.4% (HAM-D),15 54% (HAMD-17)14 and 
58.0% (CGI-S).17

The reasons for this difference remain unclear.  
Our treatment population displayed greater  
treatment resistance as evidenced by a higher 
proportion of failing at least 2 antidepressant trials 
when compared to Carpenter et al. (66.2% vs 54%). 
Higher baseline symptom severity and treatment 
resistance have been identified indicators of poor 
response to rTMS.18 In our study, the proportion 
of patients receiving prior ECT was higher than 
in Carpenter et al.’s sample (18.6% vs 5.2%).17 
Galletly et al. found that prior ECT exposure was a 
significant nonresponse to rTMS.13 The difference in 
outcome measurements and the varying definitions 
of treatment response used highlight the need 
to have a standardised definition of treatment  
response to facilitate fair comparisons of treatment 
outcomes across clinics. 

Consistent with above hypothesis on the need 
for standardised definitions, the second finding 
suggested that dosing additional rTMS treatment 
with more than 30 sessions might help more 
MDD patients to have a meaningful improve-
ment. This finding disagreed with the approach 
to exclude non-responders from further treatment  
with rTMS or predict poor response to rTMS at 10 
sessions at 2 weeks.22 Non-responders identified 
at session 10 could convert to responders with 
progressively longer rTMS courses administered 
beyond 30 sessions at a steady and slower rate.27 
Wilson et al. explained that daily conventional  

rTMS (i.e. 30 sessions over 6 weeks) would 
be insufficient for late-responders with highly  
treatment-resistant il lnesses.31 The average  
trajectory of depressive symptom changes for late 
responders corresponded to the rTMS course,  
which showed that the effectiveness of rTMS  
declined sharply after 10 sessions but peaked  
after 30 sessions.27 Interestingly, this finding differs 
from ECT dosing (another form of neuromodulation 
therapy). Chan et al. suggested that the largest clinical 
improvement for most patients would be between 
the third and sixth ECT sessions with a plateau of 
treatment response after 6 sessions.38 rTMS efficacy 
was dose-dependent. Robust dose and response 
effects were further supported by 2 studies: dosing 
an additional 6 sessions in non-responders after 
completing 20 treatment sessions resulted in a  
61% response rate.39 Preservation rTMS was used 
as a safe and effective strategy to sustain positive 
outcomes after completing an acute course of  
rTMS.31 This study’s results could help prevent 
the premature termination of rTMS treatment 
and potentially affect the clinical practice of rTMS  
dosing. However, not all patients had access to 
additional/preservation rTMS due to travel, cost, 
rTMS capacity or other constraints. These factors 
could confound the treatment outcome beyond 30 
sessions. Future interventions, such as accelerated 
rTMS modalities, addressed this practical issue 
by adding more sessions and could theoretically  
expedite treatment response time.24

The strengths of this study include the use of 
clinician-rated and self-report scales to determine 
rTMS outcomes. The dual-source measurement 
outcomes offer a complimentary source of  
confidence in our findings, directly and indirectly 
reflecting the patient’s mood and general condition 
pre- and post-RTMS treatment.

One of the limitations was missing data. The  
team could not ensure a complete assessment 
of secondary outcome measurement at the end 
of acute rTMS treatment. The sample size of 58 
(MDD) and 13 (OCD) resulted in insufficient power 
to detect any significant demographic and clinical 
predictors of rTMS response. Another limitation  
was that patients continued their concurrent 
psychiatric medication unchanged during the rTMS 
course. Certain drugs (i.e. benzodiazepine, lithium) 
that could potentially undermine rTMS response  
had been screened by rTMS psychiatrists and  
withheld before pursuing rTMS treatment. However, 
similar to other observational studies, we did not 
control the factors that were known to attenuate 
rTMS efficacy, such as concomitant antipsychotic  
use in depression with psychotic features. 
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Further analysis of responders and non- 
responders to rTMS treatment should be  
conducted systematically by comparing their 
sociodemographic and clinical predictors. Doing 
so will facilitate the appropriate selection of 
rTMS patients as well as the optimisation of rTMS  
techniques (e.g. individual neuro-navigation) to  
have an optimal clinical outcome. Future studies  
need to characterise the clinical features of late 
responders.

CONCLUSION
In summary, at a group level, patients with MDD 
and OCD in Southeast Asia responded well to 
rTMS treatment. Patients who received longer 
rTMS (≥30 sessions) may be associated with better 
antidepressant outcomes. Additionally, the result 
of this study supports revising long-term rTMS 
subsidies for treatment-resistant depression to  
cover at least 30 sessions to better address  
clinical needs.
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