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Summary
Background Repetitive transcranial magnetic stimulation (rTMS) is frequently used as an adjunctive treatment with
antidepressants for depression. We aimed to evaluate the clinical efficacy and safety of antidepressant classes when
administered concurrently with rTMS for the management of major depressive disorder (MDD).

Methods In this systematic review and meta-analysis, MEDLINE, Embase, PsycINFO, and the Cochrane Library were
searched from inception to April 12th 2024 for terms relating to medication, depression, and rTMS and appraised by
2 independent screeners. All randomized clinical trials that prospectively evaluated a specific antidepressant
adjunctively with sham rTMS as a control in MDD were included. The study was registered with PROSPERO
(CRD42023418435). The primary outcome measure assessed symptomatic improvement measured by formal
depression scales. We used a random-effects model with pooled Standardized Mean Differences (SMDs) and log
odds ratios (OR). All studies were assessed for their methodological quality and bias using the Cochrane
Collaboration Risk of Bias tool version 2 (RoB2).

Findings 14 articles from 5376 identified studies were included in the systematic review and meta-analysis. There was
only sufficient trial data to evaluate the effects of rTMS and combination therapy with selective serotonin reuptake
inhibitors (SSRIs) and selective norepinephrine reuptake inhibitors (SNRIs). Across studies, 848 participants
(mean [SD] age:41.1 [18.7] years for SSRIs, 51.8 [3.8] years for SNRIs) prospectively examined the efficacy of
antidepressant medication with rTMS. Combining rTMS with SSRIs led to significantly lower depression scores,
(SMD [CI] of −0.65 [−0.98, −0.31], p = 0.0002, I2 = 66.1%), higher response (OR = 0.97 [0.50, 1.44], p < 0.0001,
I2 = 25.33%) and remission rates (OR = 1.04 [0.55, 1.52], p < 0.0001, I2 = 0.00%) than medication with sham
rTMS. No additive benefit was found for SNRIs with rTMS (SMD of 0.10 [−0.14, 0.34], p = 0.42, I2 = 0.00%;
OR = 0.12 [−0.39, 0.62], p = 0.64, I2 = 0.00%; OR = −0.31 [−0.90, 0.28], p = 0.86, I2 = 39.9%). The overall risk of
bias for the included studies ranged from low to high, with 1 study having a high risk of bias.

Interpretation The combination of rTMS with SSRIs, but not SNRIs, significantly reduced depression severity,
increasing response and remission rates. Some analyses demonstrated high heterogeneity, which was influenced by
an SSRI trial with a high effect size. Overall, these results suggest that not all antidepressant combination therapies
are alike, and SSRIs should be considered when initiating rTMS.
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Research in context

Evidence before this study
MEDLINE, Embase, and PsychINFO were searched from
inception to April 2024 for terms relating to medication,
depression, and repetitive transcranial magnetic stimulation
(rTMS) (full search strategy and terms are included in
Supplementary Methods S1–S3). Randomized clinical trials
have demonstrated superior clinical outcomes when
antidepressant medications were initiated with acute rTMS
therapy in major depressive disorder (MDD). Previous meta-
analyses reported that antidepressants commenced with
rTMS demonstrated greater efficacy than antidepressants
with sham rTMS. There were no reviews of randomized,
sham-controlled trials evaluating class-specific effects of
antidepressants and adjunctive rTMS.

Added value of this study
To our knowledge, this was the first systematic review and
meta-analysis evaluating the effect of antidepressant class
when initiated prospectively with acute rTMS versus with
sham rTMS treatment in MDD. We show that selective

serotonin reuptake inhibitors (SSRIs), but not Serotonin
Norepinephrine Reuptake inhibitors (SNRIs), improved clinical
efficacy when concurrently started with acute rTMS.
Secondary analyses revealed that neither treatment duration
nor dose affected clinical outcomes, suggesting that low
doses of SSRIs initiated concurrently with a shorter duration
of rTMS treatments may be equally beneficial to patients.

Implications of all the available evidence
Our findings suggest a need to consider antidepressants, and
specifically the class of medication, when starting adjunctive
acute neuromodulation therapies. Research should be
prioritized to prospectively evaluate other classes of
antidepressants against placebo in combination with acute
rTMS treatments. Clinics can use these findings to optimize
patient care by commencing an SSRI with acute rTMS to
enhance antidepressant outcomes across the spectrum of
treatment-resistant MDD. In addition, fewer rTMS treatment
sessions and lower SSRI doses may improve tolerability while
improving clinical efficacy.
Introduction
Antidepressants are effective for managing major
depressive disorder (MDD) symptoms of moderate-to-
severe intensity, yet 50–60% of individuals do not
tolerate or adequately respond to first-line antidepres-
sant therapy, and some may receive repetitive
transcranial magnetic stimulation (rTMS). rTMS is a
non-invasive brain stimulation technique that uses a
strong electromagnetic field to induce changes to net-
works subserving emotion, cognition and behaviour.1

Although rTMS is an established treatment for
moderate-to-severe treatment-resistant depression,
relapse rates are up to 70% following an acute treatment
series and clinical response varies greatly between
protocols.2–4 Most modern rTMS trials enrolled patients
who failed first-line antidepressants or were continued
on partially ineffective medication during rTMS.5

Relapse-prevention strategies following rTMS are un-
clear and involve various rTMS continuation protocols,
pharmacotherapy, and psychotherapy. Antidepressants
such as selective serotonin reuptake inhibitors (SSRIs),
and serotonin and norepinephrine reuptake inhibitors
(SNRIs) are established maintenance treatments for
MDD that can reduce relapse rates up to 50%, including
after acute rTMS.6–8 Randomized clinical trials and
meta-analyses have demonstrated superior clinical
response when antidepressants were initiated with acute
rTMS.9 This relationship has also been observed across
the lifespan10–12 and when comorbid illness, such as
multiple sclerosis and stroke, is present.13–16 However,
tremendous heterogeneity exists among antidepressant
mechanisms, and an evidence-based choice of medica-
tion to initiate concurrently with rTMS has not been
evaluated by meta-analysis.

The aim of this systematic review was to compare the
efficacy of antidepressant classes when initiated
concurrently with acute rTMS for the treatment of a
major depressive episode. We performed a systematic
review and meta-analysis of all randomized, sham-
controlled trials that prospectively examined combina-
tion antidepressant therapy with acute rTMS protocols
in MDD. We also analysed the pooled effects across all
antidepressants when started concurrently with rTMS.
Changes in formal clinical depression scale scores were
examined as primary outcome measures. Response
rates, remission rates, and safety data was also assessed
across antidepressant classes when administered with
rTMS.
Methods
Search strategy and selection criteria
This review and meta-analysis were registered a priori
with the Prospero database [CRD42023418435] and fol-
lowed the Preferred Reporting Items for Systematic
Review (PRISMA) guidelines.17 Relevant references
were identified through systematic searches of MED-
LINE, Embase, PsycINFO, and the Cochrane Library
www.thelancet.com Vol 75 September, 2024
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from inception to April 12th, 2024. Additional sources
were identified through forward and backward citation
searches in Google Scholar. Databases were searched
using combinations of the following search terms:
‘major depressive disorder’, ‘MDD’, ‘depression’,
‘pharmacotherapy’, ‘pharmacology’, ‘medication’, ‘psy-
chotropic’, ‘drug therapy’, ‘psychopharmaceutical’,
‘SSRI’, ‘selective serotonin reuptake inhibitors’, ‘SNRI’,
‘serotonin and norepinephrine reuptake inhibitors’,
‘TCA’, ‘tricyclic antidepressants’, ‘MAOI’, ‘monoamine
oxidase inhibitors’, ‘benzodiazepines’, ‘atypical antide-
pressants’, ‘typical antipsychotics’, ‘atypical antipsy-
chotics’, ‘stimulants’, ‘psychostimulants’, ‘repetitive
transcranial magnetic stimulation’, ‘transcranial mag-
netic stimulation’, ‘TMS’, ‘rTMS’, ‘TBS’, ‘Theta Burst
Stimulation’, ‘iTBS’, ‘deep transcranial magnetic stim-
ulation’, ‘dTMS’. The full search strategy is included in
the supplement (Supplementary Methods S1–S3).

Inclusion and exclusion criteria for the study popu-
lation, intervention, comparators, controls, and study
design were established prior to screening articles. In-
clusion criteria followed the PICOS framework and
were as follows: 1) Patients with a current diagnosis of
MDD; 2) Patients who underwent an acute rTMS
treatment protocol (all therapeutic rTMS protocols were
included) while concurrently initiating a specific anti-
depressant medication; 3) Studies with a sham-rTMS
control arm; 4) The primary outcomes assessed clin-
ical efficacy as measured by formal depression scales
(i.e., change in depression severity, response, or
remission) 5) Prospective, randomized controlled trials
reported in English. Exclusion criteria were: 1) Patients
with other mental disorders (including bipolar depres-
sion); 3) Conference abstracts, case studies, reviews,
retrospective chart studies; 4) Studies not reported in
English.

All studies were independently screened by two re-
viewers (AZ & RS) using Covidence (Veritas Health
Innovation, Melbourne). Articles identified as relevant
by both reviewers were retrieved, and full texts were
screened. Articles independently selected by both re-
viewers after the full-text screening were included in the
final review. Any discrepancies between reviewers were
resolved by a third reviewer (SN).

Data extraction
Data was extracted by 2 independent reviewers (AZ &
RS) and was determined a priori and included author(s),
publication year, country, study design, sample size,
mean age of sample, sex reported as % female, primary
diagnosis, rTMS protocol, psychotropic medication,
treatment arms, formal depression scale measures,
remission rate, response rate, and safety/tolerability
data. Treatment resistant depression is formally defined
as failing 2 or more antidepressant trials, however due
to the paucity of information related to the number of
prior antidepressant trials, other data related to
www.thelancet.com Vol 75 September, 2024
treatment to resistance was extracted such as duration of
illness/depressive episode, number of prior depressive
episodes, and failed treatments to gain further insight
into the variability in depression severity between study
populations.

Outcomes
The primary outcome variable was change in depression
symptomatology from baseline to endpoint as measured
by a formal depression scale such as the Montgomery-
Åsberg Depression Rating Scale (MADRS), Hamilton
Depression Rating Scale (HAMD), or Beck Depression
Inventory (BDI). We used the formal scale that was used
as the primary outcome measure for a given study. We
considered the first depression score measured imme-
diately prior to treatment the baseline. The endpoint
depression score was the first depression scale
measured immediately post-treatment. Secondary
outcome measures included response and remission
rates as measured by standardized depression scales. A
response was defined as a 50% reduction or greater
from the baseline depression scale score. The remission
rate was defined per study based on established cut-off
scores for formal depression scales. Additionally, we
performed meta-analyses to compare efficacy outcomes
between patients receiving active treatment with rTMS
and medication (treatment group) compared to sham
rTMS and medication (control group). Safety and
tolerability outcomes were examined across studies,
using the number of reported dropouts during the
treatment phase and incidence of serious and other
adverse events.

Statistics
Standardized mean differences (SMDs) were calculated
for continuous outcome measures (e.g., depression
severity). SMDs were calculated as the difference be-
tween patients receiving active rTMS and medication
(treatment group) versus those receiving sham rTMS
and medication (control group). Pooling of SMDs across
studies was performed using a random-effects model
and the DerSimonian and Laird method.18 For the pri-
mary outcome measure, a negative SMD indicated that
the treatment group had a greater decline in depression
severity than the control group. For our primary anal-
ysis, we stratified by outcome and major chemical psy-
chotropic class (e.g., SSRI, SNRI, etc.). For dichotomous
outcomes (e.g., remission rate and response rate), log
odds ratios (OR) were calculated and then pooled across
studies per psychotropic class using the Mantel-
Haenszel fixed-effects model. We decided to use log
OR over risk ratios to maintain a symmetrical outcome
definition. A positive OR indicated that the treatment
group had a greater quantity for an outcome of interest
(response/remission) than the control group. To
confirm the main findings, sensitivity analyses were
performed for the primary and secondary endpoints by
3
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removing studies that reported less treatment-resistant
samples or patients treated for a first major depressive
episode to account for sampling differences across study
populations. A subgroup analysis explored the effect of
specific medications on depression severity as well as
treatment duration (weeks), and a meta-regression was
performed to assess the impact of dose in fluoxetine
equivalent and number of rTMS treatment sessions.19

We additionally pooled all antidepressants to assess
the global effect of antidepressants with rTMS. Het-
erogeneity across studies for all meta-analyses was
assessed using the Cochran’s Q test (statistical signifi-
cance set at p < .10) and I2 statistics.20,21 All statistical
analyses were performed using the Metafor package in
R version 4.0.3 (Foundation for Statistical Computing,
Vienna, Austria). Prospective randomized studies were
assessed for their methodological quality and any bias
using the Cochrane Collaboration Risk of Bias tool
version 2 (RoB2).22 The RoB2 tool assesses studies using
the following domains: (1) Randomization process, (2)
Deviations from the intended interventions, (3) Missing
outcome data, (4) Measurement of the outcome, and (5)
Selection of the reported result. Two reviewers (AZ &
RS) assessed each study using the previously defined
parameters and used the published article, protocols,
and trial-registries to inform their judgment of each
domain. Responses to signalling questions for each
domain are used by the RoB2 algorithm to determine a
proposed judgment on the risk of bias for each study.
Additionally, the Jadad Scale for Reporting Randomized
Controlled Trials and GRADE approach was employed
to further interpret the quality of available evidence.23,24

We created funnel plots for our primary outcome
measure of change in depression severity to assess
publication bias.25

Role of the funding source
The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing
of the report.
Results
The systematic literature review identified a total of 5376
records. This included 498 studies identified through
the Cochrane Library, 1191 from MEDLINE, 3015 from
Embase, and 672 from PsycINFO. 1395 duplicates were
removed before screening, resulting in 3422 unique
records screened. 3355 articles were excluded during
the title and abstract screening stage, and an additional
54 articles were excluded during full-text screening,
resulting in 14 studies included in the systematic review
and 13 included studies for SSRI and SNRI meta-
analysis, totaling 968 participants with trial sample
sizes ranging from n = 22 to 127 (Fig. 1). Table 1
summarizes the baseline sample characteristics of all
studies with any medication class included in the
review, while Table 2 summarizes baseline sample
characteristics of the SSRI and SNRI-treated groups
included in the meta-analysis. The HAMD and MADRS
were the most commonly used clinical scales to assess
efficacy across studies. Most participants in SSRI trials
were female (63%), and the SNRI group showed a
similar distribution (65.9% female). Included trials
tended to enroll midlife adults. The majority (13/14) of
studies targeted the left dorsolateral prefrontal cortex
with excitatory rTMS protocols with a figure of eight coil
with heuristic or EEG based targeting methods,
including theta-burst (1 study) and high-frequency
stimulation (12 studies), while one study targeted the
right dorsolateral prefrontal cortex. Most included
studies involved once-daily rTMS and medication treat-
ments, ranging from 10 to 40 sessions. No studies used
accelerated protocols, neuronavigation or dTMS. Treat-
ment duration ranged from 2 to 10 weeks, with an
average [SD] treatment period of 4 [2] weeks
(Table 1).10,11,13,26–36

The inclusion criteria across studies demonstrated
similar depression severity cut-offs between most SSRI
and SNRI studies. Across studies, there was variability
in reporting on past treatment history; however, both
SSRI and SNRI samples appeared to be evenly matched
for treatment-resistance as indexed by the number of
prior depressive episodes, duration of episode or illness,
and past antidepressant treatment trials (Supplementary
Table S1). This suggests that patients included in both
SSRI and SNRI samples do not vary with respect to
depression severity or resistance to treatment.

Included studies followed a randomized clinical trial
design with an rTMS sham-control in MDD. One study
consisted of participants who had a comorbid diagnosis
of Multiple Sclerosis, one focused on elderly patients,
one on adolescents experiencing their first episode of
MDD. 10 trials (n = 663) used selective serotonin re-
uptake inhibitors (SSRI), 4 studies (n = 305) treated
participants with serotonin and norepinephrine reup-
take inhibitors (SNRI), and 1 study used agomelatine
(n = 100). Only one study33 had a direct comparison of
SSRIs and SNRIs to sham rTMS treatment, whereas all
other studies looked at SSRIs and SNRIs, independently
(Table 1). The included SSRI studies used escitalopram
(n = 253; dose:10–20 mg/d), sertraline (n = 194;
dose:25–150 mg/d), citalopram (n = 56; dose:20–40 mg/
d), and paroxetine (n = 43; dose:20/40 mg/d), while the
SNRI studies all used venlafaxine (n = 305;
dose:75–225 mg/d), with prescribed doses varying
within studies as well as between studies.

The overall risk of bias for the included studies
ranged from low to high. 5 of the 14 studies had some
concerns; 1 had a high risk of bias, and the remaining
studies had a low risk of bias. The high-risk study did
not blind the intervention treatment from assessors and
we were unable to locate a pre-specified analysis plan to
determine whether there were any deviations.33 Of the
www.thelancet.com Vol 75 September, 2024
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remaining 5 studies there were some concerns due to
deviations from the intended interventions, measure-
ment of outcome data, and the selection of the reported
result.13,25,30,34,35 There were no concerns arising from the
randomization process or missing outcome data
(Supplementary Fig. S1). There was no appreciable bias
in measuring primary and secondary outcome data, nor
were there any apparent reporting biases when evalu-
ating the study pre-registration reports, protocols, and/
or methods/designs papers. The Jadad scale demon-
strated good to excellent methodological quality across
studies with scores ranging from 4 to 5 (Supplementary
Table S2). Additionally, funnel plots were created for
both the SSRI and SNRI groups (Supplementary
Fig. S2).

Raw data for all meta-analyses are reported in
Supplementary Tables S4–S6. Fig. 2a and b shows forest
plots by antidepressant classes, comparing active to
www.thelancet.com Vol 75 September, 2024
sham-based rTMS effects when commenced with anti-
depressants. There was a significant effect of rTMS and
SSRIs (SMD [CI] of −0.65 [−0.98, −0.31], p = 0.0002,
Q = 20.62, I2 = 66.1%)) on change in depression
severity, such that a greater reduction in HAMD and
MADRS scores were observed in the active
rTMS + SSRI treatment group compared to the control
group (drug + sham rTMS). Heterogeneity was high (I2

> 60%). There was no effect of combined rTMS and
SNRIs on depression severity compared to the sham
rTMS group (SMD of 0.10 [−0.14, 0.34], p = 0.42,
Q = 1.33, I2 = 0.00%).

Subgroup analyses revealed that escitalopram (−0.79
[−1.35, 0.20], p = 0.008, I2 = 79.72%) and sertraline
(−0.65 [−1.11, −0.19], p = 0.42, I2 = 29.49%) significantly
decreased depression severity (Supplementary Fig. S3).
Meta-regression analyses revealed that neither medica-
tion dose (p = 0.81) nor number of rTMS treatment
5
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Study +
country

Study
design

Demographics sample size, mean
age (SD), Sex (%F)

Primary
diagnosis

Medication/treatment arms TMS procedure Clinical outcomes

Chen et al.,
2022
China

RCT N = 100 adolescents (12–18 yrs)
rTMS: N = 48; 15 (2.3); 85% F
Sham: N = 49; 15 (2.4); 78% F

MDD 1. Sertraline (SSRI) 50 mg + rTMS
2. Sertraline + sham rTMS
3. Increase to 100 mg if no

response

10 Hz left DLPFC
10 sessions over 2 weeks
Device: Magstim Rapid stimulator
with a figure- 8 coil
Locating method: 5-cm rule

ΔHAMD-17
- Active: −11
- Sham: −6.3
Remission
- Active: 18/49 (37%)
- Sham: 6/48 (13%)
Response

- Active: 31/49 (63%)
- Sham: 14/48 (29%)

Wang et al.,
2017
China

RCT N = 43; 29 (8.9) rTMS: N = 22; 29
(8.5); 45.5% F
Sham: N = 21; 30 (9.5); 52% F

MDD 1. Paroxetine (SSRI) + rTMS
2. Paroxetine + sham TMS
Paroxetine dosage: 10 or 20 mg for
1st week, 20 or 30 mg from day 8
on, some took 40 mg from day 29

10 Hz Left DLPFC
20 sessions over 4 weeks
Device: Magstim Rapid stimulator
with a 70 mm figure- 8 coil
Locating method: 5-cm rule

ΔHAMD-24
- Active: −36
- Sham: −35
Remission
- Active: 19/22 (86%)
- Sham: 16/21 (76%)
Response

- Active: 20/22 (91%)
- Sham: 18/21 (86%)

Dai et al.,
2020
China

RCT
Double-
blind

N = 124; 69 (8.7) rTMS: N = 62, 69
(8.7); 63% F
Sham: N = 62, 67 (9.9); 60% F

MDD 1. Escitalopram (SSRI) 5 mg/d -
10 mg/d + rTMS

2. 5 mg/d - 10 mg/d
Escitalopram + sham rTMS

10 Hz, left DLPFC
20 sessions over 4 weeks
Device: Magstim Rapid stimulator
with a figure- 8 coil
Locating method: n/a

ΔHAMD-24
- Active: −20
- Sham: −16
Remission
- Active: n/a
- Sham: n/a
Response
- Active: n/a
- Sham: n/a

Guan et al.,
2021
China

RCT N = 51 iTBS: N = 27; 31 (7.7); 59% F
Sham: N = 24; 29 (7.1); 58% F

MDD 1. Escitalopram (SSRI) 10 mg–
20 mg/d + rTMS

2. Escitalopram + sham rTMS

iTBS Oz point of the occipital
region
40 sessions over 20 days
Device: MagPro R30 stimulator
with a 100 mm figure- 8 coil
Locating method: 10–20 EEG
system

ΔHAMD
- Active: −9.4
- Sham: −7.5
Remission
- Active: n/a
- Sham: n/a
Response
- Active: n/a
- Sham: n/a

García-Toro
et al., 2001
Spain

RCT N = 22 rTMS: N = 11; 43 (13);
54.5% F
Sham: N = 11; 45 (18); 54.5% F

MDD 1. Sertraline (SSRI) 50 mg/d for 2
weeks + rTMS

2. Sertraline + sham rTMS

20 Hz left DLPFC
10 sessions over 2 weeks
Device: Dantec Magpro stimulator
with an 85 mm figure- 8 coil
Locating method: 5-cm rule

ΔHAMD-21
- Active: −12
- Sham: −12
Remission:
- Active: n/a
- Sham: n/a
Response:
- Active: n/a
- Sham: n/a

Ahmadpanah
et al., 2023
Iran

RCT N = 40 rTMS: N = 18; 32 (6.8);
60% F
Sham: N = 17; 32 (6.9); 55% F

MDD 1. Sertraline (SSRI) 25–100 mg/
d for 4 weeks + rTMS

2. Sertraline + sham rTMS

10 Hz left DLPFC
10 sessions
Device: 70 mm D70 Air Film Coil
from Magstim
Locating method: 5-cm rule

ΔMADRS
- Active: −5.6
- Sham: −3.1
Remission
- Active: n/a
- Sham: n/a
Response
- Active: 15/18 (83%)
- Sham: 8/17 (47%)

Bretlau et al.,
2008
Denmark

RCT N = 45 rTMS: N = 22; 53 (10);
68% F
Sham: N = 23; 58 (10); 56.5% F

MDD 1. Escitalopram (SSRI) 20 mg/d for
12 weeks + rTMS

2. Escitalopram + sham rTMS

8 Hz left DLPFC
15 sessions over 3 weeks
Device: Magstim Super Rapid
Stimulator with a 70 mm figure- 8
coil
Locating method: 5-cm rule

ΔHAMD-17
- Active: −14
- Sham: −11
Remission
- Active: n/a
- Sham: n/a
Response
- Active: n/a
- Sham: n/a

(Table 1 continues on next page)
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Demographics sample size, mean
age (SD), Sex (%F)

Primary
diagnosis
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Huang et al.,
2012
China

RCT N = 56 rTMS: N = 28; 33 (7.28);
61% F
Sham: N = 28; 31 (7.39); 71% F

MDD 1. Citalopram (SSRI) 20–40 mg/
d for 4 weeks + rTMS

2. Citalopram + sham lf-rTMS

10 Hz left DLPFC
10 sessions over 2 weeks
Device: Magstim Rapid stimulator
with a figure- 8 coil
Locating method: 5-cm rule

ΔHAMD-17
- Active: −10
- Sham: −7.6
Remission
- Active: 11/28 (39%)
- Sham: 8/28 (29%)
Response
- Active: 13/28 (46%)
- Sham: 10/28 (36%)

Wang et al.,
2023
China

RCT N = 120 rTMS: N = 60; 66.6 (8.0);
58.3% F
Sham: N = 60; 65.7 (7.2); 68.3% F

MDD 1. Escitalopram (SSRI) 5–20 mg/
d for 8 weeks + rTMS

2. Escitalopram (SSRI) + sham
rTMS

10 Hz left DLPFC
40 sessions over 8 weeks
Device: MagPro magnetic
stimulator with a figure- 8 coil
Locating method: n/a

ΔHAMD-17
- Active:
- Sham:
Remission
- Active: 23/60 (38.3%)
- Sham: 7/60 (11.7%)
Response
- Active: 57/60 (80%)
- Sham: 48/60 (95%)

Rossini et al.,
2005
Italy

RCT N = 99; 47 (13); 80% F
Venlafaxine + rTMS: N = 17; 49
(16); 82% F
Sertraline + rTMS: N = 16; 49 (14);
87.5% F
Escitalopram + rTMS: N = 17; 48
(12); 65% F
Venlafaxine + sham: N = 17; 42
(11.5); 87.5% F
Sertraline + sham: N = 16; 48 (10);
81% F
Escitalopram + sham: N = 16; 49
(14); 76.5%

MDD 1. Venlafaxine (SNRI) 225 mg/
d + rTMS

2. Sertraline (SSRI) 150 mg/
d + rTMS

3. Escitalopram (SSRI) 15 mg/
d + rTMS

4. Venlafaxine (SNRI) + sham
5. Sertraline (SSRI) + sham
6. Escitalopram (SSRI) + sham

15 Hz left DLPFC
10 sessions over 2 weeks
Device: Magstim Rapid stimulator
with a 70 mm figure- 8 coil
Locating method: 5-cm rule

ΔHAMD-17
- Active: n/a
- Sham: n/a
Remission (SSRI)
- Active: 21/30 (70%)
- Sham: 17/30 (57%)
Remission (SNRI)
- Active: 12/15 (80%)
- Sham: 7/14 (50%)
Response (SSRI)
- Active: 22/30 (73%)
- Sham: 22/30 (73%)
Response (SNRI)
- Active: 14/15 (93%)
- Sham: 10/14 (71%)

Ullrich et al.,
2012
Germany

RCT
Double
Blind

N = 43
UHF rTMS: N = 22; 57 (10); 68% F
LF sham rTMS: N = 21; 54 (7.8);
57% F

MDD 1. Venlafaxine (SNRI) + active UHF
rTMS

2. Venlafaxine + sham (lf- right
DLPFC rTMS)

30 Hz UHF Left DLPFC
15 sessions over 3 weeks
Device: Dantec MagPro stimulator
with a 100 mm figure- 8 coil
Locating method: 10–20 EEG
system

ΔHAMD-21
- Active: −9.3
- Sham: −3.9
Remission
- Active: 0/22 (0%)
- Sham: 0/21 (0%)
Response
- Active: 4/22 (18%)
- Sham: 0/21 (0%)

Brunelin et al.,
2014
France

RCT N = 101 rTMS: N = 50; 54 (12);
68% F
Sham: N = 51; 56 (9.9); 69% F
Placebo: N = 54; Age 53 (11); 63% F

MDD 1. Venlafaxine (SNRI) 150–225 mg/
d for 4 weeks + active rTMS

2. Venlafaxine + sham (lf- right
DLPFC rTMS)

Placebo + active rTMS

1 Hz right DLPFC over 2–6 weeks
Device: Magstim Super Rapid
stimulator with a 70 mm figure- 8
coil
Locating method: 6-cm rule

ΔHAMD-17
- Active: −11
- Sham: −11
Remission
- Active: 14/50 (28%)
- Sham: 22/51 (43%)
- Placebo: 22/54 (41%)
Response
- Active: n/a
- Sham: n/a
- Placebo: n/a

Herwig et al.,
2018
Germany and
Austria

RCT
Double
blind

N = 127 rTMS: N = 62; 50 (15);
71% F
Sham: N = 65; 49 (13); 49% F

MDD 1. Venlafaxine (SNRI) 75 mg/
d) + active rTMS

2. Venlafaxine + sham rTMS

10 Hz Left DLPFC
15 sessions over 3 weeks
Device: Magstim Rapid, Medtronic
Magpro, and Medtronic Maglite r25
stimulator with a 70 mm figure- 8
coil
Locating method: 10–20 EEG
system

ΔHAMD-21
- Active: −15.5
- Sham: −18
Remission
- Active: 6/62 (10%)
- Sham: 10/65 (15%)
Response
- Active: n/a
- Sham: n/a

(Table 1 continues on next page)
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Pu et al., 2022
China

RCT N = 100; 35 (5.1) rTMS group:
N = 50; 35 (5.1); 62% F
Sham group: N = 50; 34 (4.7);
56% F

MDD 1. Agomelatine (melatonin
agonist-atypical
antidepressant) + hf-rTMS

2. Agomelatine (melatonin
agonist-atypical
antidepressant) + sham rTMS

High frequency, left DLPFC
20 sessions over 8 weeks
Device: coil from Wuhan Iruide
Medical Equipment
Locating method: n/a

ΔHAMD-17: −1.6
- Active: −18
- Sham: −15
Remission
- Active: n/a
- Sham: n/a
Response
- Active: 33/42 (79%)
- Sham: 21/40 (53%)

Legend: SD = standard deviation; %F = % female; HAMD = Hamilton Rating Scale Score in Depression; MADRS = Montgomery–Åsberg Depression Rating Scale; DLPFC = dorsolateral prefrontal cortex;
RCT = randomized control trial; MDD = Major Depressive Disorder; hf-rTMS = high frequency repetitive transcranial magnetic stimulation; lf-rTMS = low frequency repetitive transcranial magnetic
stimulation; UHF = ultra-high frequency; iTBS = intermittent theta burst stimulation; Oz = occipital zero electrode position; n/a = not assessed.

Table 1: Summary of study characteristics.
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sessions (p = 0.32) were significantly associated with
change in depression severity (Supplementary Figs. S4
and S5). Similar to the pooled SSRI analysis, subgroup
analyses grouping SSRI + rTMS trials by treatment
duration found a significant effect for both studies of ≤4
weeks (−0.79 [−1.33, −0.25], p = 0.004, I2 = 74.71%) and
>4 weeks in duration (−0.49 [−0.76, −0.22], p = 0.0004,
I2 = 0.00%) (Supplementary Fig. S6).

One SSRI study assessed patients with first-episode
depression.10 Sensitivity analyses were performed by
excluding this study, and the primary outcome measure
revealed similar results to the principal analysis (SMD
[CI] of −0.60 [−1.0, −0.21], p = 0.0026, I2 = 68.91%)
(Supplementary Fig. S7). To further evaluate the effects
of outliers on effect size in SSRI studies, we created a
radial plot of the primary outcome, change in depres-
sion severity (Supplementary Fig. S8). One SSRI study26

appeared to be contributing to heterogeneity more
substantially. We conducted an additional sensitivity
SSRI Stu

Studies (total n) 10 Studie

Average sample size/study (±SD) 60 ± 31.5

Range (participants/study) 22–124

Age (years) 41 ± 19

% Female 63.5%

Depression scales HAMD-17
HAMD-21
HAMD-24
MADRS =

Baseline HAMD depression score 27 ± 7.5

Baseline MADRS depression score 29 ± 2.8

rTMS procedure High-freq

Average number of rTMS treatments in acute series (SD) 16 ± 8.8

Antidepressant type (no. of participants) Escitalopr
Sertraline
Citalopra
Paroxetin

Table 2: Baseline study characteristics.
analysis by recomputing the SSRI + rTMS meta-
analysis, and reassessing heterogeneity with this study
removed (Supplementary Fig. S9). A similar result was
found to that of the main analysis (SMD [CI] of −0.55
[−0.75, −0.34], p < 0.0001), and heterogeneity was low
and non-significant among the remaining SSRI studies
(Q = 6.52, I2 = 7.98%, p = 0.37).

Fig. 2c and d shows forest plots of ORs for treatment
response. The model demonstrated significantly greater
response rates following treatment with rTMS and SSRI
versus sham rTMS and SSRI (OR = 0.97 [0.50, 1.44],
p < 0.0001, Q = 6.7, I2 = 25.33%). There was no effect of
combined rTMS and SNRIs on response rates
(OR = 0.12 [−0.39, 0.62], p = 0.64, I2 = 0.00%). When the
sample was restricted to treatment-resistant samples, by
excluding an SSRI study of first-episode depression,
sensitivity analyses showed a similar significant result
with lower heterogeneity (SMD [CI] of 0.77 [−0.09, 1.20],
p = 0.0075, I2 = 19.56%) (Supplementary Fig. S7).
dy Characteristics SNRI Study Characteristics

s (n = 663) 4 Studies (n = 305)

59 ± 39

34–127

52 ± 3.8

66%

= 6 studies
= 1 study
= 2 studies
1 study

HAMD-17 = 2 studies
HAMD-21 = 2 study

27 ± 1.7

N/A

uency = 8 studies iTBS = 1 study High-frequency = 3 studies
Low-frequency = 1 study

16 ± 3.1

am (253)
(194)

m (56)
e (43)

Venlafaxine (305)
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Fig. 2: Clinical outcomes between treatment (rTMS + SSRI/SNRI) and control groups (Sham rTMS + SSRI/SNRI). Panels A–F show forest plot for
both SSRI (on the left) and SNRI groups (on the right). The first row of forest plots, Panel A and B, shows Standardized Mean Difference (SMD)
of depression severity in treatment versus control groups. Panels C, D and E, F show treatment response and remission rates respectively as an
OR. Horizontal bars show 95% confidence intervals, with studies closer to the dashed vertical line having no effect on depression severity.
Square sizes reflect the weight of the overall study. The Q and I2 statistics indicate heterogeneity, with lower values indicating less hetero-
geneity. p-values for each measure are also reported. A negative SMD indicated that the treatment group had a greater decline in depression
severity than the control group. A positive OR indicated that the treatment group had more patients who responded or remitted to treatment
than the control group.

Articles
Fig. 2e and f shows forest plots of ORs for treatment
remission, a dichotomous variable. The model demon-
strated significantly greater remission rates following
active rTMS and SSRI versus sham rTMS and SSRI
treatment (OR = 1.04 [0.55, 1.52], p < 0.0001, Q = 3.46,
www.thelancet.com Vol 75 September, 2024
I2 = 0.00%). There was no effect of combined rTMS and
SNRIs on remission rates (p = 0.86) with an (OR = −0.31
[−0.90, 0.28], Q = 5.0, I2 = 39.9%). Results remained
similar when restricting the analysis to treatment-
resistant samples (Supplementary Fig. S7).
9
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We performed a secondary meta-analysis of the ef-
fect of all antidepressants on clinical outcomes, in which
all sham-controlled studies were combined prospectively
with both SSRI and SNRI medication. For this meta-
analysis, a total of 13 studies were included. An addi-
tional paper assessing the efficacy of agomelatine
(melatonin agonist) was included in the systematic re-
view but not the meta-analysis.34 Fig. 3a shows a forest
plot of SMDs of follow-up depression severity scores of
the treatment group (active rTMS + medication) versus
the control group (sham rTMS + medication), pooling
across all studies. There was a significant negative effect
of combined rTMS and antidepressant medication
(p = 0.009) on change in depression severity, which
represents a greater reduction in HAMD and MADRS
scores compared to control with an SMD [CI] of −0.44
[−0.77, −0.11]. Heterogeneity was high (Q = 46.4,
I2 = 78%).

Fig. 3b shows a forest plot of ORs for treatment
response, a dichotomous variable. The model demon-
strated no effect of active rTMS and antidepressant
medication versus sham TMS and antidepressant
medication treatment on response rates (OR = 0.21
[−0.04, 0.46], p = 0.10). Heterogeneity was low (Q = 6.02,
I2 = 0.00%).

Fig. 3c shows a forest plot of ORs for treatment
remission, a dichotomous variable. The model demon-
strated a non-significant increase in remission rates
following active rTMS and medication versus sham
rTMS and medication treatment ((OR = 0.29 [−0.03,
0.61], p = 0.08). Heterogeneity was low (Q = 11.56,
I2 = 30.82%).

Subgroup analyses revealed that there was a signifi-
cant effect for combined antidepressants and active
rTMS versus sham rTMS on change in depression
severity scores across all studies with ≤4 weeks of
treatment (−0.54 [−1.06, −0.02], p = 0.042, I2 = 84.33%),
and no significant differences were found for other
outcomes/treatment durations (Supplementary
Fig. S10).

The number of adverse events was divided by the
total number of patients in each group. There were no
incidents of seizures or manic episodes across studies.
Only one (SNRI) study reported that four patients had a
psychiatric admission during treatment (3 active and 1
sham) (Supplementary Table S6).27 There appears to be
no difference in the number of other adverse events
between active rTMS + medication and sham
rTMS + medication groups.
Discussion
To our knowledge, this was the first study to evaluate by
meta-analysis the clinical effects of antidepressant class
when initiated concurrently with rTMS in prospective,
randomized, sham-controlled trials in MDD. In a sam-
ple size of 968 individuals, we found a medium to large
effect for antidepressant efficacy in our primary
outcome measure of depression severity when rTMS
was prospectively combined with SSRIs compared to
SSRI monotherapy (i.e., with sham rTMS). No signifi-
cant differences were observed when rTMS was com-
bined with SNRIs compared to initiating an SNRI alone.
Further, when antidepressants were pooled into a single
class, we found an effect for change in antidepressant
score but not response and remission rates compared to
medication alone. There were no differences with
respect to side effects between SSRI and SNRI groups.
Caution is required when interpreting these results, as
we found high heterogeneity in some analyses (SSRI
trials and pooling across all antidepressants). Sensitivity
analysis revealed that a single study with a high effect
size contributed to higher heterogeneity measures.
Removal of this study did not alter the main findings
and substantially reduced the heterogeneity. Although
inclusion criteria varied across studies, there was overall
evidence that both SNRI and SSRI trials contained in-
dividuals with treatment-resistant depression of at least
moderate severity that was not responsive to prior an-
tidepressant treatments. Only one study examined
combination therapy in first-episode MDD, and
removing this study from the analysis did not alter the
primary findings. Since both groups had a similar sex
distribution, we did not perform additional subgroup
analyses analyzing the effect of sex. Additionally, the
meta-regression and subgroup analyses demonstrated
additional stimulations, duration of treatment (≤/>4
weeks), and higher medication doses did not affect the
main findings. These data suggest that rTMS provides
enhanced antidepressant effects for SSRIs when
commenced in combination and that combination
therapy is not equivalent across antidepressant classes.
This has significant clinical implications and merits
consideration for future rTMS clinical trial design.

While early rTMS clinical trials evaluated rTMS ef-
ficacy as a monotherapy, they did not permit an
assessment of combination therapy with antidepres-
sants. The majority of recent rTMS trials enrolled pa-
tients on stable doses of antidepressants and did not
systematically initiate medication with rTMS. An earlier
meta-analysis suggested an enhanced treatment effect
when combining rTMS with antidepressants.34 These
findings were confirmed by two meta-analyses of pro-
spective randomized trials, combining antidepressants
and rTMS. These studies demonstrated a therapeutic
advantage when antidepressants were combined with
rTMS compared to medication alone.37,38 The current
meta-analysis considered prospective randomized trials
that commenced a specified antidepressant with rTMS
and demonstrated an additive benefit of acute combi-
nation therapy on reducing depression symptoms but
no significant effects on remission and response rates
compared to initiating medication alone. Moreover, we
extend previous meta-analyses and demonstrate that
www.thelancet.com Vol 75 September, 2024
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Fig. 3: Clinical outcomes in treatment (rTMS + Adjunctive Medication) and control groups across all medication classes (Sham
rTMS + Adjunctive Medication) Panel A shows a forest plot of Standardized Mean Difference (SMD) of depression severity in treatment versus
control groups. The second forest plot (B) shows response rates of treatment and control groups. Finally, panel C shows a forest plot of
remission rates of treatment and control. Horizontal bars show 95% confidence intervals, with studies closer to the dashed vertical line having
no effect on depression severity. Square sizes reflect the weight of the overall study. The Q and I2 statistics indicate heterogeneity, with lower
values indicating less heterogeneity. p-values for each measure are also reported. A negative SMD indicated that the treatment group had a

Articles

www.thelancet.com Vol 75 September, 2024 11

http://www.thelancet.com


Articles

12
SSRIs enhance clinical outcomes with adjunctive rTMS,
while SNRIs had no additive clinical benefits to taking
the drug alone.

These findings are clinically important and call into
question previous efficacy results from clinical trials that
did not control for specific antidepressant medications.
Future rTMS trials should consider the type of antide-
pressant used during the trial. Different antidepressant
classes may possibly impact the efficacy of other neu-
romodulation and brain stimulation treatments, a topic
which has not been well studied.38 Treatment resistant
patients who previously did not respond to rTMS treat-
ment may benefit from initiating a low dose SSRI in
combination with an acute rTMS protocol with fewer
stimulation sessions, which could also increase tolera-
bility to treatment.

The mechanistic underpinning of this synergistic
effect may relate to greater neuroplastic effects of SSRIs
than SNRIs. Several neurophysiological studies have
found that rTMS when used concurrently with SSRIs,
increases cortical excitability; however, SNRIs have not
been associated with neuroplasticity or cortical excit-
ability.39–43 Although both drugs work at the presynaptic
membrane level and inhibit the reuptake of biogenic
amines,44,45 the effect of SSRIs on intracortical inhibition
may be associated with the initial, partial GABAergic
effect of the drug.46 Similar effects may be observed in
SNRIs such as venlafaxine, which has demonstrated
selective 5-HT reuptake inhibitor action at low doses
and dual serotonin and norepinephrine reuptake inhi-
bition at high doses.47

Our study was limited to summary statistics and did
not permit an evaluation of combination therapy effects
at the individual patient level. Our findings are only
generalizable to the acute treatment phase and did not
consider continuation therapy. Insufficient data was
available to report on long-term treatment outcomes,
maintenance therapy, or to conduct a network meta-
analysis. Although several studies retrospectively
assessed rTMS and concurrent medication use with
various psychotropic medication classes (i.e., TCAs,
MAOIs, bupropion, mirtazapine, ketamine, antipsy-
chotics, stimulants, and benzodiazepines), there were
insufficient prospective randomized control studies that
examined these other classes of antidepressants with
acute rTMS. Similarly, there were fewer studies
assessing the effects of SNRIs and the included studies
only assessed the effect of venlafaxine. Retrospective,
open-label and/or naturalistic studies were not included.
Further, we could not assess whether rTMS combined
with medication was more effective than rTMS alone
due to a lack of trials with a placebo-medication
controlled arm.
greater decline in depression severity than the control group. A positiv
patients who responded or remitted following treatment than the contr
There was heterogeneity between studies when
reporting measures that index treatment-resistance;
however, the majority of SSRI and SNRI trials re-
ported either long duration of illness, multiple past
antidepressant trials, and/or a history of recurrent
depressive episodes. There was also a wide age range
due to the inclusion of studies that assessed both ado-
lescents and patients with late-life depression. Previous
studies have demonstrated that elderly patients show a
reduced response to conventional rTMS treatment
compared to younger adults.48 It is possible that the
SSRI group, which had a lower average age of study
participants, may have benefitted from this effect.
However, we ran a sensitivity analysis that did not
reveal changes in the primary outcome (change in
formal depression scale scores) when removing a study
in first-episode adolescent depression. Previous retro-
spective analyses in older adults that combined an SSRI
with rTMS in post-stroke depression found a similar
synergistic effect when combining rTMS + SSRIs
compared to either escitalopram,16 sertraline,15 and
paroxetine alone.14 However, when excluding the
adolescent first-episode depression sample, only a trend
was found for response and remission rate outcome
measures. rTMS and medication regimens in the
included studies varied in protocol (number of rTMS
treatments, duration of treatment, and stimulation
parameters), all of which may have affected clinical
outcomes. However, all studies except one included
high-frequency left DLPFC rTMS and the average
number of treatments across trials was 16 for both the
SNRI and SSRI study groups. Moreover, for the SSRI
group, we found similar effects for combination ther-
apy in studies delivering treatment for ≤4 weeks and >4
weeks in duration.

Large, randomized, and placebo/sham-controlled
trials are warranted to explore whether combination
antidepressant and rTMS therapy differs based on
stimulation protocol, degree of treatment resistance,
and/or comorbid psychiatric disorders. Longer-term,
prospective treatment trials examining continuation
therapy among different antidepressant classes would
also help to inform antidepressant treatment choice.
Neurophysiological studies using paired/single-pulse
TMS paradigms and functional brain imaging are
required to understand the neuronal substrates under-
lying SSRI and rTMS therapy in MDD.

In summary, we found a large significant decline in
formal depression scores when rTMS is combined with
SSRIs compared to SSRI monotherapy and SNRIs in
combination with rTMS. While clinical guidelines
comment on the use of medications that can negatively
affect treatment response,49 our findings support the use
e OR indicated that the treatment group had a greater number of
ol group.
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of SSRIs as a class when initiating a medication change
at the onset of rTMS therapy.
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