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Background: Repetitive Transcranial Magnetic Stimulation (rTMS) is an efficacious treatment for major de-
pressive disorder (MDD), however there is limited safety and efficacy data in the peripartum period. The purpose
TMS of this review is to systematically examine the safety, acceptability and effectiveness of rTMS administered
Peripartum depression during the peripartum period as an intervention for MDD.
PMr?;;aiisressmn Methods: We searched MEDLINE, EMBASE and PsychINFO from 2008 to January 2019 to identify peer reviewed
Postpartum publications evaluating rTMS during the peripartum period as an intervention for peripartum MDD. We sys-
tematically extracted reported adverse events, side effects, rates of discontinuation, as well as clinical response

and remission.
Results: Data was synthesized from 1 randomized control trial, 3 uncontrolled trials, 3 case series and 5 case
studies, representing a total of 87 patients. No serious adverse events were reported. Side effects occurred at
rates comparable to those observed in the non-peripartum population, and obstetric and neonatal complications
are infrequent and do not separate from sham-rTMS. Randomized controlled data suggests antidepressant effi-
cacy with an effect size of 0.87. Uncontrolled studies report rates of clinical response between 41.4% and 71.4%,
and rates of clinical remission between 20.7 and 30.0%. The treatment appears acceptable, with few patients
opting to discontinue treatment.
Limitations: Due to the paucity of research in this population, majority of data comes from sources with in-
herently higher risk of bias.

Conclusions: rTMS in the peripartum period appears to be efficacious, acceptable and well tolerated.
Additional research is required, however rTMS's risk benefit profile may be attractive to women in the peri-
partum period.

1. Background

Peripartum Depression (PPD) is a common condition accompanied
by severe health risks to mother and offspring. PPD is defined as a
major depressive episode occurring during gestation and within the
four weeks following delivery (Diagnostic and Statistical Manual of
Mental Disorders (5th ed.), 2013), although some data calls into
question this temporally restrictive definition (Forty et al., 2006). Onset
of PPD occurs in an estimated 10-15% of women (Hall, 2012) and has
been associated with disturbances in infant behavior and develop-
mental delays, with effects extending into childhood and adolescence
(Hoffman et al., 2017; Wisner et al., 2006). Antenatal depression is
associated with poorer gestational outcomes including higher rates of
inadequate maternal weight gain (Bodnar et al., 2010), prenatal

hypertension (Mautner et al., 2009), gestational diabetes (Hinkle et al.,
2016), and increased substance use (Flynn and Chermack, 2008; Orr
et al., 2012). Furthermore, postpartum depression is associated with
disturbed maternal-fetal bonding, reduced parenting quality and long
term developmental delays of the infant (Hall, 2012; Hoffman et al.,
2017; Ising et al., 2007). Tragically, severe cases postnatal depression
have been associated with infanticide and suicide is a leading cause of
maternal death in the first year following delivery (Grigoriadis et al.,
2017; Pearlstein, 2008).

Though psychotherapy is first line in this population (MacQueen
et al., 2016), it is not effective in every case (Ravesteyn et al., 2017) and
is generally not indicated for severe depressive symptoms (MacQueen
et al., 2016). A significant portion of women with PPD are reluctant to
take medications during pregnancy or while breastfeeding (Brummelte
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and Galea, 2016; Pearlstein, 2013). Exposure to antidepressants during
foetal development has been associated with cardiac malformation
(Huybrechts et al., 2014), persistent pulmonary hypertension
(Huybrechts et al., 2015), and admission to neonatal intensive care
(Norby et al., 2016). While other risks, such as an increased risk of
autism or attention deficit hyperactivity disorder, can be accounted for
by other factors (Man et al., 2017; Morales et al., 2018; Rai et al., 2017;
Viktorin et al., 2017; Zhou et al., 2018), expecting mothers remain
concerned of the adverse effects that may result from pharmacological
antidepressants. Accordingly, taking antidepressants during pregnancy
and lactation remains controversial, and many women face the difficult
decision of exposing their baby to the potential risks of pharmaceuticals
or the risks of untreated depressive symptoms (Pearlstein, 2008; Suri
et al., 2014). Novel treatment methods for this population are needed.

Neuromodulation treatments for depression involve selective tar-
geting of brain areas implicated in depression. These are promising
treatment options during the peripartum period due to the absence of
systemic effects. Repetitive Transcranial magnetic stimulation (rTMS) is
an investigational and therapeutic modality that impacts synaptic
transmission by delivering patterned energy safely and noninvasively.
In response to this patterned energy, neurons adapt by changing their
connection strengths (George and Aston-Jones, 2010) and large scale
networks are impacted (Liston et al., 2014). The antidepressant efficacy
and safety of this treatment approach is supported by many meta-
analyses of double-blind placebo controlled trials (Berlim et al., 2013a;
2013b, 2014; Brunoni et al., 2017).

Here, we systematically review the literature using rTMS to treat
depression during the peripartum period. We focused on studies pub-
lished since rTMS was approved by the United States of America Food
and Drug Administration in order to capture a more homogeneous set of
treatment parameters, and defined the peripartum period as pregnancy
and until 6 weeks after parturition to include both ICD10 (World Health
Organization, 1993) and DSMV (Diagnostic and Statistical Manual of
Mental Disorders (5th ed.), 2013) definitions.

2. Objectives

To systematically examine the safety, acceptability and effective-
ness of rTMS administered during the peripartum period as an inter-
vention for depression.

3. Methods

This protocol was registered in the International Prospective
Register of Systematic Reviews (PROSPERO, CRD42018114209).

Search methods for identification of studies: An electronic search was
done to identify literature on rTMS administered during the peripartum
period as an intervention for depression. EMBASE, MEDLINE and
PsycINFO databases were used to identify peer reviewed reports written
in English until January 16th, 2019. Prior to FDA approval of rTMS in
2008, stimulation protocols varied widely. As such, we selected studies,
case reports and articles since 2008 to optimize the homogeneity of
interventions.

Search procedures are described in further detail in the supple-
mentary material (Supplementary Fig. 1). Briefly, search terms “de-
press*”, “pregnan*“, “*partum”, “*natal”, “transcranial magnetic sti-
mulation” “repetitive transcranial magnetic stimulation” “rTMS” and
“TMS” were used. Titles and abstracts of studies retrieved using the
search strategy were screened to identify studies that explicitly met
exclusion criteria. Full texts were then retrieved and reviewed by two
independent reviewers (JC and AM). Bibliographies of review papers
and retained studies were reviewed to identify additional literature.

Risk of bias for included studies was assessed independently by two
investigators. The Cochrane Collaboration's Tool for Assessing Risk of
Bias was used to evaluate the quality of included controlled trials
(Higgins et al., 2011), while the risk of bias for registries and cohort
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studies was assessed using the Risk of Bias in Non-randomized Studies
of Interventions (ROBINS-I) tool (Sterne et al., 2016).

4. Data collection and analysis

We systematically extracted the following:

Study characteristics-number of participants, study design, treatment
allocation, recruitment and study completion rates, information for
assessment of the risk of bias.

Sample characteristics-primary psychiatric diagnosis, depression se-
verity, number of weeks gestation or weeks post-delivery, previously
identified obstetrical complications.

Stimulation parameters-site of stimulation, frequency, number of
pulses, inter-event interval, intensity as a percentage of resting motor
threshold, number of sessions.

Primary safety outcome measures-any side effects/adverse events re-
corded.

Primary efficacy outcomes measures-rates of clinical response (=50%
improvement in clinician rated depressive symptoms) and clinical re-
mission (MADRS <10, HDRS17 < 7, HDRS21 < 7, HDRS24 < 4, BDI
=13, EPDS<9) at treatment end.

Secondary outcome measures-acceptability as measured by rates of
discontinuation, self-reported changes in depression severity.

In cases of missing data, 2 attempts were made to contact the cor-
responding author(s) by email at 2-week intervals.

5. Results
5.1. Search results

A summary of the search results is presented in Fig. 1. After elim-
inating duplicates, 87 studies were identified and screened, and the full
publications of 22 articles were assessed for eligibility. Of these, 10
were excluded for the following reasons: preliminary report of a com-
pleted study that was included (n = 1) (Lamprou et al., 2013), a pub-
lished trial protocol that did not contain data (n = 1) (Andriotti et al.,
2017), the use of TMS as a maintenance treatment during pregnancy
(n = 1) (Burton et al., 2014) or were not peer reviewed (n = 5) (Brock
et al.,, 2016; Ozmut et al., 2015; Rosenberg and Richardville, 2013;
Stultz et al., 2018; Yilan et al., 2014). One randomized controlled trial
(Myczkowski et al., 2012) and one open label study (Garcia et al., 2010)
had administered TMS treatment to some women outside of the peri-
partum window and attempts to retrieve eligible participant data by
correspondence with study authors were unsuccessful. Twelve original
studies therefore met inclusion criteria.

6. Description of studies

The 12 records identified as suitable for our systematic review
consisted of 1 randomized controlled trial (Kim et al., 2018), 3 un-
controlled studies (Hizli Sayar et al., 2014; Kim et al., 2011a; Tarhan
et al., 2012), 3 case series (Ferrao and Felipe da Silva, 2018; Klirova
et al., 2008 . Zhang and Hu, 2009), and 5 case studies (Cohen et al.,
2008; Gahr et al., 2012; Tan et al., 2008; Xiong et al., 2018;Zhang et al.,
2010), representing data on 87 participants, of which 75 were assigned
to active-rTMS. Characteristics of included studies are presented in
Tables 1-3.

All participants included in the review began rTMS during preg-
nancy, ranging from the first to third trimester. One case study con-
tinued treatment postpartum (Tan et al., 2008). Most patients were in
an episode of acute unipolar depression of at least moderate severity,
though cases of bipolar depression (n = 2) were also included (Cohen
et al., 2008; Xiong et al., 2018). Stimulation protocol and parameters
were not reported for 3 patients (Zhang and Hu, 2009), however all
other protocols target the left or right dorsolateral prefrontal cortex
(DLPFC). Most stimulation parameters varied between high intensity
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Fig. 1. Study Selection PRISMA flow diagram.

stimulation (=10 Hz) on the left DLPFC (Ferrao and Felipe da Silva,
2018; Gahr et al., 2012; Hizli Sayar et al., 2014; Klirova et al., 2008;
Tan et al., 2008; Tarhan et al., 2012), low intensity (1 Hz) on the right
DLPFC (Cohen et al., 2008; Ferrao and Felipe da Silva, 2018; Kim et al.,
2011a, 2018; Klirova et al., 2008), or a combination, bilaterally sti-
mulating the DLPFC with high frequency stimulation on the left and
low frequency stimulation on the right (Xiong et al., 2018).

One case report stimulated the left DLPFC using low frequency
(1 Hz) (Zhang et al., 2010).

6.1. Risk of bias in included studies

Using the Cochrane Collaboration's Tool for Assessing Risk of Bias,
risk of bias in the randomized control trial was moderate
(Supplementary Table 2). The overall risk of bias was moderate for all
non-randomized studies (n =3) based on the ROBINS-I tool
(Supplementary Table 3).

6.2. Safety

6.2.1. Randomized controlled trials (n = 1)

In the randomized control trial, three preterm births (35-36 weeks
gestation) occurred in the active group (27%) and none occurred in the
sham group, however 2 of these women had previous medical condi-
tions that were risk factors for preterm births. One incidence of fetal
brachial plexus weakness was reported in the active group due to
shoulder dystocia. Mean APGAR scores at 1 and 5 min were 7.14 and
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8.55 respectively, with no significant differences between active-rTMS
and sham-rTMS groups.

Women in the active group performed significantly worse on a
working memory test (letter number sequencing) after rTMS than
women in the sham group (p = 0.013), one of four neurocognitive
domains that were assessed.

Side effects reported were headache, treatment site pain, eye
twitch/jaw pain, supine hypotension, dizziness and nausea, without
significant differences between active and sham groups (Kim et al.,
2018).

6.2.2. Uncontrolled studies (n = 3)

The three uncontrolled trials represent 46 participants who received
open-label rTMS during pregnancy. Within this sample, there were no
adverse events reported and pregnancies progressed normally, resulting
in healthy babies with no abnormalities. Specific side effects were re-
ported in two trials of n = 30 (Hizli Sayar et al., 2014) and n = 10 (Kim
et al., 2011a), though lack of consistency among how and which side
effects are reported makes synthesis of data unfeasible. The side effects
reported were headache, contraction of facial muscles and supine hy-
potension. Side effects were not reported in the third trial (n = 7)
(Tarhan et al., 2012), but instead offered a general statement of patient
wellbeing, reporting the stimulus was well tolerated, with no significant
side effects.

6.2.3. Case reports and case series (n = 8)
Case studies provided information on 14 peripartum depressed
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Table 1
Characteristics of included studies.
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Panel A- Randomized Controlled Trials

Study Number of Began rTMS Site of Frequency Number of Inter-event Intensity (% Number of
Participants Stimulation pulses/ interval RMT) Sessions
(Hz) session
Kim et al., 2018 14 Active 22.2 weeks Right DLPFC 1 900 60s on, 60s off 100 20
gestation
12 Sham 25.6 weeks Right DLPFC 1 900 60s on, 60s off 100 20
gestation
Panel B- Uncontrolled Trials
Study Number of Began rTMS Site of Stim Frequency Number of Inter-event Intensity (% Number of
Participants pulses/ interval RMT) Sessions
(Hz) session
Hizli Sayar et al., 30 14.26 weeks Left DLPFC 25 1000 2son, 30s off 100 16.46
2014 gestation
Kim et al., 2011a 10 25.8 weeks Right DLPFC 1 300 60s on, 60s off 100 20
gestation
Tarhan et al., 2012 7 Left DLPFC 25 1000 2son, 30s off 100 18
Characteristics of included studies (Continued)
Panel C- Case Reports
Study Number of Began rTMS Site of Stim Frequency Number of Inter-event Intensity Number of
Participants pulses/ interval (%RMT) Sessions
(Hz) session
Cohen et al., 2008 1 ~20 weeks gestation Right DLPFC 1 1600 100 1
Ferrdo and Felipe da 3 6 weeks gestation Left DLPFC 10 3000 120 42.67
Silva, 2018 1 10 weeks gestation Right DLPFC 1 1800 . 120 20
Gahr et al., 2012 1 First Trimester Left DLPFC 15 2970 2s on, 8s off 110 24
Klirova et al., 2008 1 16 weeks gestation Left DLPFC 20 2000 2.5s on, 30s off 100 15
1 31 weeks gestation Right DLPFC 1 300 60s on, 60s off 100 15
Tan et al., 2008 1 Throughout pregnancy and Left DLPFC 25 1000 2s on, 28s off 110 77
postpartum period
Xiong et al., 2018 1 20 weeks gestation Bilateral 10 Left, 4000 Left, 900 Left 4s on, 16s 120 41
DLPFC 1 Right Right off.
Right 300s on,
60s off
Zhang and Hu, 2009 3 . . . . . . .
Zhang et al., 2010 1 14 weeks gestation Left DLPFC 1 1200 20s off 920 42

MDD = major depressive disorder. iITMS = repetitive Transcranial Magnetic Stimulation. DLPFC = dorsolateral prefrontal cortex. RMT = resting motor threshold.

patients treated with rTMS. Two instances of preterm birth were re-
ported. One of these infants was described as irritable but healthy upon
follow up (Klirova et al., 2008), and the other was a case of twins, with
APGAR scores of 6 and 9 (Ferrao and Felipe da Silva, 2018). Most cases
provided a general statement of participant wellbeing with no sig-
nificant side effects reported, and pregnancies resulting in healthy ba-
bies (Tan et al., 2008; Xiong et al., 2018; Zhang and Hu, 2009; Zhang
et al.,, 2010). Of these cases, three offered follow up data reporting
healthy mothers and infants at 6 weeks (Xiong et al., 2018), 6 months
(Zhang and Hu, 2009) and 22 months (Tan et al., 2008). Specific side
effects were recorded in one case series (Ferrdo and Felipe da Silva,
2018) (n = 4), reporting pain/discomfort at application site (n = 3),
transient difficulty in concentration (n = 1) and sore throat (n = 1).
One offered no statements relating specifically to rTMS, but had sub-
sequent ECT therapy that resulted in remission of symptoms and no
adverse events for mother or foetus (Gahr et al., 2012).

One participant with bipolar disorder achieved clinical remission
with a single treatment without an increase in manic symptoms (Cohen
et al., 2008). This participant went on to have a manic episode ap-
proximately 4 months later, which was successfully managed with
rTMS.

6.3. Acceptability

6.3.1. Randomized controlled trials (n = 1)

In the randomized controlled trial, three participants dropped out of
the active-rTMS group compared to one participant in the sham-rTMS
group (Kim et al., 2018). This was not statistically significant, however
this must be interpreted in light of the small sample (n = 26). Two
participants (one from each active (n = 14) and sham (n = 12) groups)
dropped out due to issues with time commitment, and two additional
participants allocated to the active group dropped out for unreported
reasons.

6.3.2. Uncontrolled trials (n = 3)

Out of the 47 participants enrolled in uncontrolled studies, 1 dis-
continued rTMS treatment (2.1%) (Hizli Sayar et al., 2014). No other
discontinuations or dropouts were reported.

6.3.3. Case reports (n = 8)
None of the patients reported in the case studies discontinued rTMS
treatment.
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Table 2
Safety and acceptability of included studies.

Panel A- Randomized Controlled Trials

Study Number of Participants Side effects/adverse events recorded Previously identified Adverse Events
obstetrical complications

Recruited Completed

Kim et al., 2018 14 Active 11 Active Headache, treatment site pain, eye twitch/jaw 1 Pre-eclampsia, 1 LEEP 3 pre-term births, 1 shoulder
pain, supine hypotension, dizziness, nausea dystocia
12 Sham 11 Sham Headache, treatment site pain, eye twitch/jaw

pain, supine hypotension, dizziness, nausea

Panel B- Uncontrolled Trials

Study Number of Participants Side effects/adverse events recorded Previously identified Adverse Events
obstetrical complications

Recruited Completed

Hizli Sayar et al., 2014 30 29 Contraction of facial muscles
Kim et al., 2011a 10 10 Headache, Supine hypotension
Tarhan et al., 2012 7 7 Not Reported

Panel C- Case Reports

Study Number of Participants Side effects/adverse events recorded Previously identified Adverse Events
obstetrical complications

Recruited Completed

Cohen et al., 2008 1 1 Not Reported .

Ferrdo and Felipe da 4 4 Pain/discomfort at application site, transient . 1 preterm birth; twins- APGAR
Silva, 2018 difficulty in concentration, sore throat scores of 6 and 8

Gabhr et al., 2012 1 1 Not Reported . .

Klirova et al., 2008 2 2 Not Reported . 1 preterm birth

Tan et al., 2008 1 1 Not Reported

Xiong et al., 2018 1 1 Not Reported

Zhang and Hu, 2009 3 3 Not Reported

Zhang et al., 2010 1 1 Not Reported

LEEP = Loop electrosurgical excision procedure.

Table 3
Effectiveness of Included studies.

Panel A- Randomized Controlled Trials

Study Number of Primary Psychiatric Instrument Baseline Final Initial Depression Remission Response < 50%
Participants Diagnosis Severity

Kim et al., 2018 14 Active MDD HDRS-17 23.2 9.3 Severe 3 9 2
12 Sham MDD HDRS-17 22.3 13.2  Severe 2 5 6

Panel B- Uncontrolled Trials

Study Number of Primary Psychiatric Instrument Baseline Final Initial Depression Remission Response < 50%
Participants Diagnosis Severity

Hizli Sayar et al., 2014 30 MDD HDRS-17 26.8 13 Severe 6 12 17

Kim et al., 2011a 10 MDD HDRS-17 24.4 9.7 Moderate-Severe 3

Tarhan et al., 2012 7 MDD HDRS-17 . . . 2 5 2

Panel C- Case Reports

Study Number of Primary Psychiatric Instrument Baseline Final Initial Depression Remission Response < 50%
Participants Diagnosis Severity

Cohen et al., 2008 1 BD (type unspecified) HDRS-17 18 6 Moderate 1 1

Ferrdo and Felipe da 3 MDD HDRS-21 24.3 7.3 Moderate-Severe 2 3 0

Silva, 2018 1 MDD HDRS-22 12 6 Mild 1 1 0

Gabhr et al., 2012 1 MDD . . . Severe 0 0 1

Klirova et al., 2008 1 MDD MADRS 33 2 Moderate 1 1 0
1 MDD BDI 29 12 Severe 0 1 0

Tan et al., 2008 1 MDD HDRS-17 38 4 Severe 1 1 0

Xiong et al., 2018 1 BDII EPDS 23 4 1 1 0

Zhang and Hu, 2009 3 MDD . . . .

Zhang et al., 2010 1 MDD HDRS24 35 8 Severe 0 1 0

MDD = Major Depressive Disorder. RMT = Resting motor threshold. BP = Bipolar Disorder. BDII= Bipolar Disorder, type II. HDRS= Hamilton Depression Rating
Scale. MADRS = Montgomery-Asberg Depression Rating Scale. BDI= Beck Depression Inventory. EPDS = Edinburgh Postnatal Depression Scale.
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6.4. Efficacy and effectiveness

6.4.1. Randomized controlled trials (n = 1)

Reporting only results from study completers, the randomized
controlled trial demonstrated antidepressant efficacy, with linear mixed
models revealing significant reductions in Hamilton Depression Rating
Scale-17 by study end in the active-rTMS group compared to sham-
1rTMS group. Conservatively assuming a pre-post correlation of 0.7, this
corresponds to a standardized mean difference of 0.87. At study end,
81.8% of participants treated in the active-rTMS group were classified
as clinical responders compared to 45.5% of sham-treated participants.
Clinical remission was achieved in 27.3% of active-rTMS treated par-
ticipants compared to 18.2% of sham-treated participants (Kim et al.,
2018).

6.4.2. Uncontrolled studies (n = 3)

In an open label trial by Kim et al., 70% of the sample (n = 7)
achieved clinical response, of which 30% (n = 3) went on to achieve
clinical remission of depressive symptoms (Kim et al., 2011a). This is
similar to results from an open label trial by Tarhan et al. (2012) re-
porting clinical response in 71.4% (n = 5) participants, with 28.6%
(n = 2) of those achieving clinical remission (Tarhan et al., 2012).

Slightly lower rates of response and remission were reported in a
larger open label trial (n = 30) (Hizli Sayar et al.,, 2014). 41.4%
(n = 12) were classified as clinical responders, with 20.7% (n = 6)
achieving clinical remission.

6.4.3. Case reports (n = 8)

Ten of the eleven participants from case reports (90.9%) were
classified as clinical responders, and seven (63.6%) individuals
achieved clinical remission.

7. Discussion

We performed a systematic review of the literature employing rTMS
to treat PPD focusing on studies published since regulatory approval of
rTMS and using a strict definition of the peripartum period. Our search
identified one randomized controlled trial, 3 uncontrolled studies, and
8 case reports or case series, for a total of 87 patients. rTMS appears to
be effective in reducing the symptoms of PPD, and the efficacy, effec-
tiveness, and acceptability of the intervention appear on par with rTMS
in the treatment of non-peripartum major depressive disorder (Berlim
et al., 2013a; 2013b, 2014).

Though the current literature does not permit a quantitative
synthesis, the available evidence suggests that rTMS may be viable
option for the treatment of depression during the peripartum period.
This conclusion is supported by previous reviews and policies evalu-
ating the safety and effectiveness of rTMS as a therapeutic intervention
for depression during the peripartum period (Felipe and Ferrdo, 2016;
Kim et al., 2015; Robakis and Williams, 2013).

7.1. Efficacy and effectiveness

The randomized controlled trial included in our study suggested
antidepressant efficacy, with a medium-large effect size of 0.87 and
high rates of clinical response and remission (Kim et al., 2018). An
additional randomized sham-controlled trial was not retained in our
review as it included mothers outside of our strict peripartum definition
(Myczkowski et al., 2012). This randomized controlled trial similarly
reported statistical separation of active-rTMS compared to sham-rTMS
after 4 weeks of daily active-rTMS (n = 8) or sham-rTMS (n = 6) 5Hz
stimulation at 120% RMT. Conservatively assuming a pre-post corre-
lation of 0.7, this study reported a standardized mean difference of 0.94
in favor of active-rTMS.

The uncontrolled studies supported clinical effectiveness, with rates
of clinical response between 41 and 70% and clinical remission

Journal of Psychiatric Research 115 (2019) 142-150

between 20 and 30% in three open-label studies (Hizli Sayar et al.,
2014; Kim et al., 2011a; Tarhan et al., 2012). Other excluded studies
similarly suggest effectiveness. In an open label trial of patients treated
for postpartum depression, 8 of 9 participants reached clinical response
and remission of symptoms (Garcia et al., 2010). Another study that
was not included presented the successful continuation of regular
maintenance rTMS throughout pregnancy and postpartum to prevent
relapse of chronic depression (Burton et al., 2014). Five grey literature
sources that were not retained in our systemic review also suggest ef-
fectiveness. These include an open-label trial of 19 cases of PPD, 14 of
which (73.7%) achieved response and subsequent remission of symp-
toms after rTMS treatment (Brock et al., 2016), a case series in which 4/
15 (26%) patients achieved clinical response (Ozmut et al., 2015), a
case series in which 3 patients improved with rTMS (Yilan et al., 2014),
and two positive case reports (Rosenberg and Richardville, 2013; Stultz
et al., 2018). Succinctly, rTMS appears to be clinically effective with
clinical improvements using multiple stimulation protocols.

Although the studies included in this review focus on change in
depressive symptoms, perinatal anxiety often accompanies PPD with
symptoms that can be quite problematic (Fairbrother et al., 2016; Leach
et al., 2017). A recent systematic review of non-invasive brain stimu-
lation on the effects of anxiety in the general population provides
support for rTMS as a therapeutic approach for the treatment of anxiety
disorders (Vicario et al., 2019). Though outside the scope of this review,
the anti-anxiety effects of rTMS may provide additional benefit to the
peripartum population and highlight the need for additional research.

7.2. Safety

A recent study using computational modelling to estimate electric
field exposure induced by TMS on the foetus, showed fetal exposure is
less than or equal to 100 mV/m during all trimesters, well below the
recommended safe limit of 800 mV/m for both pregnant patients and
pregnant TMS operators (Yanamadala et al., 2017). As such, adverse
events to the foetus induced by the electric field of rTMS would be
unexpected.

Accordingly, there were no serious obstetrical adverse events re-
ported in the reviewed studies. In the randomized controlled trial, six
babies were admitted to the neonatal intensive care unit, a circum-
stance which is linked to antidepressant exposure in utero (Norby et al.,
2016). However, this occurred equally in both active-rTMS (n = 3) and
sham-rTMS (n = 3) groups (Kim et al., 2018). No cases of cardiac
malformation or persistent pulmonary hypertension were reported;
both of which are adverse events associated with antidepressant ex-
posure in utero (Huybrechts et al., 2015, 2014). Yet, despite the small
number of antenatal patients included in our review, five preterm births
were reported (Ferrao and Felipe da Silva, 2018; Kim et al., 2018;
Klirova et al., 2008). While this is at the lower range for pre-term births
worldwide (Blencowe et al., 2012), uncontrolled studies reported few
cases while pre-term births were greater in the active-group of the
randomized sham controlled trial (Kim et al., 2018). This did not vary
statistically from the sham-rTMS group and two of the three women had
previous medical conditions unrelated to rTMS that are risk factors for
preterm birth (Table 2). However, this difference between active and
sham-treatment highlights the need for adequately powered sham-
controlled trials to definitively prove safety. This is particularly im-
portant given that preterm birth rates in the depressed population are
estimated to be higher than the general population (Grote et al., 2010),
and therefore uncontrolled studies are ill suited to determine safety.

A follow-up study to one of our included open label trials (Hizli
Sayar et al., 2014) assessed the long term safety of rTMS on children
1-5 years later (Eryilmaz et al., 2015) compared with children born to
healthy mothers and to depressed but untreated expectant mothers.
Treatment with rTMS was not associated with decreased cognitive or
motor development, however a perceived delay in language develop-
ment was reported by mothers among children exposed to rTMS in-
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utero compared to those in healthy pregnancies. It is unlikely that this
is r'TMS related, however, as the reported delays were comparable to a
sample of children whose mothers had untreated depression during
pregnancy.

With respect to psychiatric safety, there were no serious adverse
psychiatric events reported in the peer-reviewed publications we in-
cluded. One case report described using rTMS initially to treat an epi-
sode of antenatal bipolar depression without a concomitant mood sta-
bilizer or antipsychotic, which is recommended for other antidepressant
interventions in bipolar disorder (McGirr et al., 2016; Picchiarotti et al.,
2013). This patient went on to have a manic episode after delivering,
approximately four months later (Cohen et al., 2008). The risk of
postpartum mania is extremely high compared with another period in a
woman's life and, thus, this is unlikely related to rTMS (Heron et al.,
2005). It is unclear whether rTMS should be considered in peripartum
bipolar depression.

Side effects of rTMS in the peripartum population are similar to
those reported in the non-peripartum population (Loo et al., 2008),
however this conclusion is limited by inconsistent reporting between
studies. Reported side effects included mild headache, treatment site
pain, and facial stimulation (Ferrdao and Felipe da Silva, 2018; Hizli
Sayar et al., 2014; Kim et al., 2011a, 2018). Supine hypotension was
also reported (Kim et al., 2011a, 2018) though the authors addressed
this in a subsequent paper, managing the issue through postural ad-
justments (Kim and Wang, 2014). Side effects from the excluded studies
were headache and/or pain at treatment application site (Garcia et al.,
2010; Myczkowski et al., 2012; Ozmut et al., 2015) facial stimulation
(Garcia et al., 2010), or were unreported (Brock et al., 2016; Rosenberg
and Richardville, 2013; Stultz et al., 2018; Yilan et al., 2014).

While the risk-benefit ratio for antidepressant medications supports
their use in some women, pregnant and lactating women are under-
standably reluctant to initiate pharmacotherapy due to transplacental
passage and/or passage into breast milk (Battle et al., 2013; Patel and
Wisner, 2011). rTMS offers an alternative antidepressant technique that
limits chemical exposure to the foetus while offering a side-effect pro-
file that appears tolerable.

7.3. Acceptability

In the randomized controlled trial, 4 of an original 26 (15.4%)
participants withdrew from the study (Kim et al., 2018). Two (7.7%)
women withdrew prior to stimulation, due to difficulties with the time
commitment of the study. The other two (7.7%) individuals withdrew
from the active group after rTMS stimulation for unreported reasons.
One participant (3.3%) in an open label trial discontinued rTMS due to
a reconsideration of the risks and benefits (Hizli Sayar et al., 2014).
There was no report of patient discontinuation in the case series and
case studies. By comparison, the mean dropout rate of placebo con-
trolled antidepressant clinical trials is estimated to be around 30%
(Rutherford et al., 2013), and therefore one possible interpretation is
that rTMS, despite its considerable time commitments, is acceptable in
the peripartum population.

A survey evaluating patient acceptability to rTMS found that women
were more likely to consider rTMS during pregnancy after an in-
formational video, indicating a lack of awareness and stigma may be an
obstacle in implementing rTMS as a treatment during the peripartum
period (Kim et al., 2011b).

7.4. Limitations

This review consists of a single randomized controlled trial, and the
majority of data qualitatively synthesized comes from uncontrolled
trials, case series and case studies. These intrinsically have a higher risk
of bias, and therefore more sham-controlled trials are required to de-
termine both efficacy and safety. We attempted to maximize the re-
levance of our review by focusing the search to the publication period
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following FDA approval to minimize variability in protocols.
Nevertheless, protocol variability was substantial and this limited our
ability to determine superiority of individual stimulation protocols.

Moreover, despite our aims to reduce variability, two of the in-
cluded studies use stimulation parameters that are outside of the cur-
rent FDA approved parameters (Klirova et al., 2008; Tan et al., 2008).
Other potential confounds include concomitant interventions, though
most studies specify that pharmacotherapy or psychotherapy was held
stable before and during rTMS treatment. Our review was limited to the
peer reviewed English literature, which may have restricted our search
results.

Should additional research solidify the efficacy, acceptability and
safety of rTMS in the treatment of PPD, the role for rTMS in PPD
management and the optimal treatment parameters remain to be de-
termined. At the same time, other neurostimulation modalities such as
ECT are well established in the peripartum population and have been
demonstrated to be more effective than rTMS in non-peripartum MDD
(Milev et al., 2016). Other neurostimulation treatments, such as tran-
scranial direct current stimulation (Vigod et al., 2014), are under in-
vestigation in PPD and may also be attractive options with fewer side
effects.

Meanwhile, novel agents are being investigated that may expand
the pharmacological options for peripartum patients, such as brex-
anolone (Meltzer-Brody et al., 2018).

8. Conclusions

The use of rTMS in the peripartum period appears to be efficacious,
acceptable and well tolerated. Additional research is required to de-
monstrate safety; however, there have been no serious adverse events in
the peripartum population to date and its risk benefit profile may be
attractive to women in the peripartum period. Additional prospective
data is needed.
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