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1  | INTRODUC TION

Pharmacological agents have been effectively applied across 
all phases of the bipolar illness and, thus, are considered a 

first‐line treatment for bipolar disorder (BD; Fountoulakis et al., 
2017). However, pharmacotherapy for BD has some notable limita‐
tions. Many patients with bipolar disorder fail to respond acutely to 
adequate pharmacotherapy (Geddes & Miklowitz, 2013). For those 
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Abstract
Background: Many patients with bipolar disorder (BD) fail to experience benefit 
following traditional pharmacotherapy, necessitating alternative treatment options 
that will enable such patients to achieve remission. Transcranial magnetic stimulation 
(TMS) is a relatively new, noninvasive neuromodulation technique that involves the 
application of magnetic pulses on hyperactive or hypoactive cortical brain areas. We 
evaluated the existing literature on TMS as a treatment for BD across varied mood 
states.
Methods: We searched PubMed up to October 2018 for original data articles pub‐
lished in English that evaluated outcomes in a bipolar sample across depressive, 
manic, mixed, and maintenance phases of BD.
Results: Clinical trials of TMS for BD particularly suggest the potential of repetitive 
TMS for reducing depressive symptoms. Studies of TMS for mania have yielded more 
mixed findings. Few studies have evaluated TMS in other phases of the bipolar ill‐
ness. TMS is generally associated with mild side effects though, in a few studies, 
it has been shown to contribute to a manic switch in previously depressed bipolar 
patients.
Conclusions: Transcranial magnetic stimulation is a promising approach for treat‐
ing patients with BD who have failed to respond to pharmacological or psychosocial 
treatment. Future research should more clearly elucidate which TMS protocols may 
be most effective for a given bipolar patient.
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patients who do experience symptomatic improvements following 
pharmacological treatment, many experience frequent and intoler‐
able side effects that lead to medication nonadherence and/or dis‐
continuation (Matson et al., 2006; Shah, Grover, & Rao, 2017). In 
addition, several patients with BD suffer from an increased medical 
burden and clinicians must thus be mindful of interactions among the 
medications that patients could be taking to manage multiple medical 
concerns (Kemp et al., 2014; Martin, Williams, Haskard, & Dimatteo, 
2005). To that end, the limitations of pharmacotherapy suggest the 
importance of alternative treatment options that will help patients 
with BD achieve and sustain remission (Martin et al., 2005).

Transcranial magnetic stimulation (TMS) is a relatively new, non‐
invasive therapeutic option that involves the application of magnetic 
pulses on hyperactive or hypoactive cortical brain areas with the aim 
of modulating brain networks (Brunelin et al., 2014). To administer 
TMS, the clinician places an electromagnetic coil on a prespecified 
region of the patient's scalp. Magnetic pulses from the coil travel 
through the skull toward a target cortical area, resulting in neural 
activation changes. To date, TMS has received the most consistent 
clinical and research application in treatment‐resistant depression 
(Connolly,	Helmer,	Cristancho,	Cristancho,	&	O'Reardon,	2012;	Loo	
& Mitchell, 2005). In the past several years, studies have explored 
the application of TMS in other psychiatric disorders. One initial ran‐
domized study in a combined unipolar and bipolar depressed sample 
evaluated daily TMS over the left prefrontal cortex relative to a sham 
treatment.	Among	the	patients	in	this	study,	approximately	56%	of	
responders	had	bipolar	depression	compared	to	approximately	44%	
of responders who had unipolar depression (George et al., 2000), 
supplying early evidence for the potential benefit of using TMS in a 
bipolar sample. Since that initial trial, other researchers have evalu‐
ated TMS for treating a range of mood symptoms in BD. The aim of 
this review is to explore the existing literature on the application of 
TMS across symptomatic and remitted stages of bipolar illness.

2  | METHODS

We searched PubMed for relevant articles using the following search 
terms:	(“Transcranial	magnetic	stimulation”	AND	“bipolar	disorder”)	
(n	=	181),	(“TMS”	AND	“bipolar	disorder”)	(n = 65), (“Transcranial mag‐
netic	stimulation”	AND	“bipolar	depression”)	(n = 200), (“TMS” and 
“bipolar depression”) (n = 68), (“Transcranial magnetic stimulation” 
AND	“mania”)	(n = 201), (“TMS” and “mania”) (n = 74), (“Transcranial 
magnetic	stimulation”	AND	“hypomania”)	(n	=	18),	and	(“TMS”	AND	
“hypomania”) (n	=	0).	All	search	fields	of	the	databases	were	included	
to maximize inclusivity. The research took place in October 2018, 
and no time restriction was placed on any of the database searches. 
Manual searches were also conducted using the reference lists from 
identified articles.

Eligible studies were original data articles exploring the appli‐
cation of TMS as a treatment strategy across various stages of 
a	 bipolar	 episode.	 Articles	 were	 not	 included	 if	 they	 combined	

unipolar and bipolar samples without separately evaluating out‐
comes in both disorders or if the specific TMS protocol was un‐
clear. Only articles published in English in peer‐reviewed journals 
were eligible. Case studies with fewer than five patients, review 
papers, and theoretical articles were excluded. Results of the 
search were compared to exclude repeated references. Following 
this step, titles and abstracts were assessed to select potentially 
eligible articles. These articles were read in full to confirm they 
were relevant for the present review.

3  | RESULTS

3.1 | TMS in bipolar depression

Most studies evaluating the application of TMS in bipolar depres‐
sion have focused on repetitive transcranial magnetic stimulation 
(rTMS) which involves repeated magnetic doses at a set intensity 
level to a specified brain area (Mishra et al., 2011). Two seminal 
rTMS studies in an exclusively bipolar sample yielded mixed re‐
sults. Dolberg and colleagues conducted a randomized, controlled 
trial evaluating active rTMS (20 sessions) relative to a sham in‐
tervention (10 sessions) for bipolar depression (n = 20; Dolberg, 
Dannon, Schreiber, & Grunhaus, 2002). The authors found that the 
active group had statistically significant improvements in psychi‐
atric outcomes as evaluated via the Hamilton Depression Rating 
Scale	(HAM‐D;	Hamilton,	1960)	and	Brief	Psychiatric	Rating	Scale	
(Overall & Gorham, 1962) though, of note, improvements were 
most prominent after the first two weeks of treatment (Dolberg 
et	 al.,	 2002).	 In	 a	 second	 study,	Nahas	 and	 colleagues	 randomly	
assigned patients (n = 23) with bipolar depression (with two par‐
ticipants in a mixed state; e.g., both depressive and manic) to 
receive 10 sessions of left prefrontal rTMS (5 Hz) or a sham treat‐
ment over a two‐week period. The prefrontal region was selected 
for TMS application given data from prior studies which found 
that consistent stimulation of prefrontal areas yielded mood ben‐
efits. Post‐treatment, though the protocol was well‐tolerated by 
participants, there were no significant differences between the 
groups in symptomatic improvements (there was a trend of im‐
proved	subjective	mood	favoring	the	active	group;	Nahas,	Kozel,	
Li,	Anderson,	&	George,	2003).	Results	from	these	two	initial	tri‐
als were sufficiently promising to warrant subsequent interven‐
tion research though some important questions remained. First, 
could rTMS yield a consistently potent response relative to a sham 
treatment such that modulation of the specific target brain area 
produced symptomatic improvements (as opposed to the psy‐
chological impact of receiving what may or may not have been a 
neurological treatment)? Moreover, if rTMS is able to consistently 
yield important mood benefits in BD, is there a defined window 
for symptomatic improvements? In a subsequent randomized trial, 
Tamas, Menkes, and El‐Mallakh (2007) randomly assigned par‐
ticipants (n = 5) to receive 8 sessions (4 weeks) of low‐frequency 
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(1	Hz)	active	rTMS	or	a	sham	treatment	over	the	right	DLPFC.	In	
this study, the sham group consisted of a single participant, a not‐
insignificant limitation. Participants receiving rTMS demonstrated 
greater improvements in depressive symptoms (as assessed via the 
HAM‐D;	Hamilton,	1960)	relative	to	those	receiving	a	sham	treat‐
ment, though the benefits favoring the rTMS group did not emerge 
until two weeks post‐treatment (Tamas et al., 2007), a duration 
that contrasts with the timeframe for improvements evidenced in 
the study conducted by Dolberg and colleagues (Dolberg et al., 
2002). Ultimately, these data suggest it may be difficult to broadly 
apply a predetermined time frame of rTMS treatment or to ex‐
pect treatment gains within a specific time period. Certain clinical 
variables may be associated with the need for a longer duration of 
rTMS treatment in BD (e.g., more than 15 rTMS sessions). Older 
patients with a longer, more refractory, and more severe bipolar 
depression may require more rTMS sessions than patients with a 
shorter, less chronic bipolar depression (Cohen, Brunoni, Boggio, 
& Fregni, 2010).

Since these initial studies, follow‐up clinical trials of rTMS in bi‐
polar depression have focused on fine‐tuning the precision of ad‐
ministration through a focus on specific variables. Many studies of 
rTMS in unipolar and bipolar depressed samples have historically 
incorporated	left‐sided	dorsolateral	prefrontal	cortex	(DLPFC)	with	
high‐frequency rTMS. Data across several studies suggest particu‐
lar benefits of this location/frequency combination for depression 
(Dolberg	 et	 al.,	 2002;	 Fitzgerald	 et	 al.,	 2016;	 Nahas	 et	 al.,	 2003).	
Some studies have also showed the benefit of rTMS applied at a low 
frequency	over	the	right	DLPFC.	Fitzgerald	and	colleagues	randomly	
assigned patients with treatment‐resistant depression (n = 25 pa‐
tients with BD) to one of two low‐frequency right‐sided protocols 
(1 Hz vs. 2 Hz). Patients received 10 daily sessions followed by an 
additional 2 weeks (10 sessions) of rTMS if they showed an initial 
treatment	 response	 (based	 on	 HAM‐D	 (Hamilton,	 1960)	 scores).	
Study findings revealed that time was significantly associated with 
improvements in depression with a trend of greater improvements 
for patients receiving the 2 Hz protocol relative to the 1 Hz protocol 
(Fitzgerald, Huntsman, Gunewardene, Kulkarni, & Daskalakis, 2006). 
Dell'Osso and colleagues evaluated the efficacy of low‐frequency 
(1	Hz)	rTMS	over	the	right	DLPFC	in	patients	(n = 11) with bipolar de‐
pression for a duration of 3 weeks (Bernardo Dell'Osso et al., 2009). 
This study was unique in that it combined rTMS with brain navigation, 
or use of magnetic resonance imaging to precisely target the most 
relevant cortical region for a given patient. Post‐treatment, patients 
demonstrated significant improvements in symptoms of depression 
(as	assessed	via	the	HAM‐D	(Hamilton,	1960)	and	the	Montgomery‐
Asberg	Depression	Rating	Scale	[MADRS]	(Montgomery	&	Asberg,	
1979)) and reductions in overall illness severity (as assessed via the 
Clinical	 Global	 Impression	 scale	 [CGI];	 Bernardo	 Dell'Osso	 et	 al.,	
2009;	Spearing,	Post,	 Leverich,	Brandt,	&	Nolen,	1997).	Following	
this acute trial, all participants were followed prospectively in a 
naturalistic study that assessed the long‐term effects of the rTMS 
treatment for a period up to 1 year (Dell'osso, D'Urso, Castellano, 

Ciabatti,	&	Altamura,	2011).	Outcomes	were	assessed	via	monthly	
HAM‐D	and	Young	Mania	Rating	Scale	(YMRS;	Young,	Biggs,	Ziegler,	
&	 Meyer,	 1978)	 evaluations.	 Among	 the	 11	 patients,	 4	 patients	
maintained	symptomatic	improvement	at	1‐year	follow‐up.	Notably,	
successful response to acute rTMS predicted sustained response at 
follow‐up whereas a lack of response to acute rTMS predicted non‐
response at follow‐up (Dell'osso et al., 2011).

Fewer studies have evaluated the comparative effectiveness 
of	high‐	versus	low‐frequency	rTMS	of	the	right	versus	left	DLPFC	
in the context of a single study. In a subsequent trial, Dell'Osso et 
al. (2015) randomized patients (n = 33) to receive one of three 20‐
session rTMS protocols over a four‐week period: (a) low‐frequency 
rTMS	(1	Hz)	over	the	right	DLPFC	incorporating	pauses	at	specified	
points (420 stimuli per session), (b) low‐frequency rTMS (1 Hz) over 
the	 right	DLPFC	at	 a	 continuous	 rate	 (900	 stimuli	 per	 session),	 or	
(c)	high‐frequency	rTMS	(10	Hz)	over	the	left	DLPFC	incorporating	
pauses	 at	 specified	points	 (750	 stimuli	 per	 session).	At	 post‐treat‐
ment, patients demonstrated significant reductions in depression 
and	illness	severity	outcomes	(as	assessed	via	the	HAM‐D,	MADRS,	
and CGI) with no significant group differences in treatment efficacy 
or tolerability (Dell'Osso et al., 2015). Thus, these data highlight flex‐
ibility in rTMS protocols such that patients may still be able to expe‐
rience benefits regardless of the frequency or location of the rTMS 
treatment; a novel finding suggesting that the widely followed left 
DLPFC,	high‐frequency	rTMS	protocol	may	not	be	the	only	effective	
option. Moreover, these data may indicate that patients who do not 
respond to a particular rTMS protocol could benefit from a different 
protocol	 (e.g.,	different	 frequency	and/or	cortical	 target).	Notably,	
one study randomly assigned patients with bipolar II depression 
(n = 38) to receive 20 sessions of left high‐frequency rTMS, right 
low‐frequency rTMS, or a sham intervention over a four‐week pe‐
riod.	All	participants	received	adjunctive	quetiapine.	There	were	no	
significant differences among the three groups, indicating that TMS 
combined with quetiapine was not more effective than quetiapine 
combined with sham treatment and that there was no difference in 
outcomes between the two stimulation thresholds (Hu et al., 2016).

Studies have also suggested the benefit of sequentially applied 
bilateral	rTMS	stimulation	for	bipolar	depression.	An	early	study	con‐
ducted by Fitzgerald and colleagues assessed right‐sided, low‐fre‐
quency (1 Hz) followed by left‐sided, high‐frequency (10 Hz) active 
rTMS compared to sham treatment for treatment‐resistant depres‐
sion (Fitzgerald, Benitez, et al., 2006). Patients received 10 sessions 
of rTMS with additional sessions offered if they were showing a re‐
sponse	to	rTMS	(assessed	via	MADRS	scores)	for	a	total	maximum	
treatment period of 6 weeks. Though this study had an overall sam‐
ple size of 50 patients, only eight patients had BD. The authors found 
that 2 out 4 patients in the active group, compared to 1 out of 4 in the 
sham group, demonstrated treatment response (Fitzgerald, Benitez, 
et al., 2006). The small sample of bipolar patients in this study makes 
it difficult to draw strong conclusions regarding the effectiveness of 
a bilateral rTMS approach for BD. However, Fitzgerald and colleagues 
subsequently evaluated 20 sessions of active, sequential bilateral 
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(right‐sided,	 low‐frequency	 [1	Hz]	 followed	by	 left‐sided,	 high‐fre‐
quency	 [10	Hz])	 rTMS	 relative	 to	 sham	 treatment	 for	 a	 four‐week	
period among patients (n = 49) with bipolar depression (Fitzgerald et 
al., 2016). Post‐treatment, no significant differences were found be‐
tween the two groups, suggesting that the bilateral approach to rTMS 
may not be more helpful for treating psychiatric symptoms in BD as 
the historically applied unilateral approach (Fitzgerald et al., 2016). 
More promising findings were found in a naturalistic study of bipolar 
patients (n = 50) who sought clinical care at a rTMS clinic, though 
this study is limited by a lack of a control group (Carnell, Clarke, Gill, 
& Galletly, 2017). Patients received 18 sessions of low‐frequency 
[1	Hz]	right‐sided	rTMS	over	the	DLPFC	(either	a	15	or	30‐min	pro‐
tocol)	or	bilateral	rTMS	over	the	DLPFC	(intermittent	high	frequency	
[10	Hz]	over	the	left	DLPFC	followed	by	continuous	low‐frequency	
[1	Hz]	over	the	right	DLPFC,	15	min	on	each	side)	within	a	6‐week	
period. There were no differences in outcomes across the various 
protocols, with all patients showing significant improvements in de‐
pression scores from baseline to post‐treatment (as assessed by the 
HAM‐D;	Hamilton,	1960).	Notably,	outcomes	were	similar	between	
unipolar and depressed bipolar patients receiving rTMS at the cen‐
ter (Carnell et al., 2017). However, in a separate study evaluating 
20	sessions	of	bilateral	(right	DLPFC,	low‐frequency	[1	Hz]	followed	
by	left	DLPFC,	high‐frequency	[10	Hz])	versus	unilateral	(right‐sided	
DLPFC,	low‐frequency	[1	Hz])	rTMS	for	bipolar	depression	(n = 30), 
the proportion of rTMS responders was significantly greater in the 
bilateral group relative to the unilateral group (Kazemi et al., 2016). 
This study incorporated a unique outcome measure of beta wave 
activity (as measured via electroencephalography) on the basis of 
data suggesting that depression is associated with enhanced beta 
frequency oscillations in frontal and occipital brain areas (Kazemi et 
al.,	2016;	Özerdem,	Güntekin,	Tunca,	&	Başar,	2008).	Indeed,	post‐
treatment, the authors found that responders to rTMS had signifi‐
cantly decreased beta frequency oscillation, a finding that highlights 
a possible biological marker for assessing response to rTMS (Kazemi 
et al., 2016).

Lastly,	 some	 studies	 have	 incorporated	 novel	 technology	with	
the goal of enhancing the efficacy of rTMS protocols. One innova‐
tive approach involves modification of the coil used in standard TMS 
treatment. Many rTMS protocols incorporate a coil that provides 
restricted depth, thus potentially limiting the capacity of direct stim‐
ulation over the relevant cortical region. Some data suggest that a 
novel H1‐coil allows a magnetic field that can enable treatment to 
occur over a wider area and with greater depth of stimulation. In 
recent years, the H1‐coil has been the focus of a few clinical trials in 
BD. One initial study among patients with bipolar depression (n = 19) 
found that 20 sessions of high‐frequency (20 Hz) rTMS delivered 
through an H1‐coil (deep TMS) over a 4‐week period led to a signifi‐
cant	decrease	in	HAM‐D	scores	(Hamilton,	1960;	Harel	et	al.,	2011).	
A	 subsequent,	 randomized	controlled	 study	evaluated	20	sessions	
of	 add‐on,	high‐frequency	 (18	Hz)	deep	TMS	over	 the	 left	DLPFC	
versus a sham treatment for patients with treatment‐resistant bi‐
polar depression (n = 50). Patients receiving the active treatment 
demonstrated	significantly	greater	improvements	in	HAM‐D	scores	

relative to patients in the sham group though these gains were not 
maintained at follow‐up (Tavares et al., 2017). Finally, an open trial 
that incorporated 20 patients with bipolar I depression evaluated 20 
sessions of add‐on, high‐frequency (20 Hz) bilateral deep TMS over 
the	DLPFC.	On	the	basis	of	HAM‐D	scores,	80%	of	patients	with	BD	
showed	a	response	immediately	following	acute	treatment	with	75%	
showing a response at 6‐month follow‐up (Rapinesi et al., 2018). It 
will be important for subsequent deep TMS studies to clarify an opti‐
mal number of acute treatment sessions and to evaluate whether an 
additional phase of maintenance treatment can enhance outcomes 
(Tavares et al., 2017), along with systematically evaluating a unilat‐
eral versus bilateral stimulation approach.

More recently, a modified rTMS approach known as theta burst 
stimulation (TBS) has been applied to bipolar depression. Data sug‐
gest that TBS may exert faster, stronger, and more sustained effects 
than traditional rTMS protocols (Beynel et al., 2014; Bulteau et al., 
2017). Beynel and colleagues evaluated three weeks of randomly 
assigned daily intermittent TBS (iTBS; involving administration of 
magnetic pulses in bursts, which is thought to contribute to longer‐
lasting neural effects) or sham treatment in patients (n = 12) with 
bipolar depression (Beynel et al., 2014). This study incorporated an 
antisaccade	(AS)	task	which	was	completed	on	the	first	day	of	each	
week before and after iTBS treatment. Patients were placed in a dark 
room in front of a computer screen and asked to fix their attention 
on	a	dot	in	the	center	of	the	screen.	During	AS	trials,	patients	were	
instructed to look in specific directions upon exposure to different 
colored	cues.	At	post‐treatment,	patients	receiving	the	active	iTBS	
demonstrated improvements in depressed mood (as assessed via the 
MADRS;	Montgomery	 &	 Asberg,	 1979)	with	mood	 improvements	
correlated with antisaccade task performance; a finding that reflects 
the potential of the task to be used as a metric of response to TMS 
treatment. Collectively, data on enhancements to traditional rTMS 
protocols (e.g., H‐coil, iTBS) are promising and reflect future avenues 
for research.

3.2 | TMS in mania

Relative to bipolar depression, TMS has been less extensively stud‐
ied as a treatment during the manic phase, potentially due to con‐
cerns that TMS can induce a manic episode in some patients (refer 
to the Discussion for findings on manic switches in some bipolar 
patients following TMS). In addition, whereas most TMS studies in 
bipolar depression have focused on rTMS, approximately half of the 
studies in mania have centered on traditional TMS protocols. Finally, 
in studies of TMS for mania, nearly all protocols have targeted the 
right prefrontal region. This pattern stems from an early clinical 
trial conducted by Grisaru and colleagues in which manic patients 
(n = 16) were randomly assigned to 10 sessions of right prefrontal 
or left prefrontal high‐frequency (20 Hz) TMS over a two‐week pe‐
riod	 (Grisaru,	 Chudakov,	 Yaroslavsky,	 &	 Belmaker,	 1998).	 At	 post‐
treatment, patients receiving right prefrontal TMS demonstrated 
significantly greater improvement in symptoms of mania (as evalu‐
ated	via	the	YMRS	(Young	et	al.,	1978)	and	the	CGI	(Spearing	et	al.,	
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TA B L E  1   Summary of transcranial magnetic stimulation (TMS) clinical trials in bipolar disorder

Authors Design Mood episode
Sample 
size Sessions (#) Notable outcomes

Dolberg et al. (2002) Randomized, controlled study 
(rTMS vs. sham)

Bipolar depression 20 20 (rTMS), 10 
(sham)

Reductions	in	HAM‐D	and	Brief	
Psychiatric Rating Scale scores 
favoring rTMS group

Nahas	et	al.	(2003) Randomized, controlled study 
(left‐sided rTMS vs. sham)

Bipolar depression 
(two participants in 
a mixed state)

23 10 No	significant	between‐group	differ‐
ences, trend of improved subjective 
mood favoring rTMS group

Tamas et al. (2007) Randomized, controlled study 
(right‐sided, low‐frequency 
rTMS vs. sham)

Bipolar depression 5 8 Reductions	in	HAM‐D	scores	favor‐
ing rTMS group

Fitzgerald, Benitez, 
et al. (2006)

Randomized study (right‐sided 
1 Hz rTMS vs. right‐sided 
2 Hz rTMS)

Bipolar depression 25 10+ Significant effect of time on treat‐
ment outcomes, nonsignificant 
trend toward greater improvements 
for 2 Hz over 1 Hz treatment

Dell'Osso et al. 
(2009), Dell'osso et 
al. (2011)

Open study (low‐frequency, 
right‐sided rTMS combined 
with magnetic resonance 
imaging)

Bipolar depression 11 15 Significant	reductions	in	HAM‐D,	
MADRS,	and	CGI	scores,	acute	
treatment response predicted 
outcomes at 1 year

Dell'Osso et al. 
(2015)

Randomized study (low‐fre‐
quency, right‐sided rTMS 
with pauses vs. low‐fre‐
quency, right‐sided rTMS 
at continuous rate vs. high‐
frequency, left‐sided rTMS 
with pauses)

Bipolar depression 33 20 Significant	reductions	in	HAM‐D,	
MADRS,	and	CGI	scores	across	
all groups, no between‐group 
differences

Hu et al. (2016) Randomized, controlled study 
(right‐sided, low‐frequency 
rTMS vs. left‐sided, high‐
frequency rTMS vs. sham, all 
adjunctive to quetiapine)

Bipolar depression 38 20 Reductions	in	HAM‐D	and	MADRS	
scores during treatment, no be‐
tween‐group differences

Fitzgerald, Benitez, 
et al. (2006)

Randomized, controlled study 
(right‐sided, low‐frequency 
followed by left‐sided, high‐
frequency bilateral rTMS vs. 
sham)

Bipolar depression 8 10+ 2 out of 4 patients in active group 
showed improvements compared 
to 1 out of 4 patients in sham group

Fitzgerald et al. 
(2016)

Randomized, controlled study 
(right‐sided, low‐frequency 
followed by left‐sided, high‐
frequency bilateral rTMS vs. 
sham)

Bipolar depression 49 20 No	between‐group	differences

Carnell et al. (2017) Randomized study (low‐fre‐
quency right‐sided rTMS vs. 
left‐sided, high‐frequency 
followed by right‐sided, low‐
frequency bilateral rTMS)

Bipolar depression 50 18 Significant	reductions	in	HAM‐D	
scores across all patients, no be‐
tween‐group differences

Kazemi et al. (2016) Randomized study (right‐
sided, low‐frequency 
rTMS vs. right‐sided, 
low‐frequency followed by 
left‐sided, high‐frequency 
bilateral rTMS)

Bipolar depression 30 20 Significantly more responders in 
bilateral	group	(80%	of	patients)	
relative	to	unilateral	group	(47%	of	
patients)

Harel et al. (2011) Open study (high‐frequency 
deep rTMS)

Bipolar depression 19 20 Significant	reductions	in	HAM‐D	
scores

Tavares et al. (2017) Randomized, controlled study 
(left‐sided, high‐frequency 
deep rTMS vs. sham)

Bipolar depression 50 20 Significant	reductions	in	HAM‐D	
scores at post‐treatment favoring 
rTMS (not maintained at follow‐up)

(Continues)
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1997)) relative to patients receiving left prefrontal TMS (Grisaru et 
al., 1998), thus paving the way for future studies of TMS in mania. 
Of note, the researchers stopped the study early as patients receiv‐
ing left prefrontal TMS were demonstrating markedly low response 
despite being on stable pharmacological treatment. The authors 
concluded that left‐sided TMS may have prevented the action of anti‐
manic	pharmacotherapy	(Grisaru	et	al.,	1998;	Kaptsan,	Yaroslavsky,	
Applebaum,	 Belmaker,	 &	 Grisaru,	 2003).	 As	 a	 follow‐up	 to	 their	
initial study, the authors randomly assigned patients (n = 19) to re‐
ceive 10 sessions of right‐sided, high‐frequency (20 Hz) prefrontal 
TMS versus sham treatment over the course of two weeks. The au‐
thors found no difference between right‐sided TMS and sham TMS 
(Kaptsan et al., 2003), proposing the possibility that a more intensive 
treatment protocol is warranted for mania (e.g., greater treatment 
intensity or length; Kaptsan et al., 2003). One other study explored 
eight sessions of right prefrontal rapid TMS in bipolar patients expe‐
riencing a manic episode (n = 9) across a four‐week period. Patients 
experienced improvements in manic symptoms at post‐treatment 
(as evaluated by the Bech‐Rafaelsen mania scale (Bech, Rafaelsen, 
Kramp, & Bolwig, 1978)); however, this was an open‐label trial and 

thus cannot provide complete insight on the efficacy of a right‐sided 
standard TMS protocol (Michael & Erfurth, 2004).

The remaining studies of TMS in mania were rTMS protocols. 
Saba and colleagues conducted a pilot trial of 10‐session, high‐fre‐
quency	(10	Hz)	rTMS	over	the	right	DLPFC	among	patients	with	cur‐
rent mania (n	=	8).	After	 the	 two‐week	 treatment	period,	patients	
demonstrated a significant improvement in manic symptoms (as 
evaluated	via	the	Mania	Assessment	Scale	and	CGI	(Spearing	et	al.,	
1997))	 (Saba	et	 al.,	 2004).	A	 subsequent	 trial	 randomized	patients	
(n = 41) to receive 10 sessions of high‐frequency (20 Hz) rTMS over 
the	right	DLPFC	or	a	sham	treatment.	Patients	who	received	the	ac‐
tive treatment demonstrated significant improvements in mania (as 
evaluated	via	 the	YMRS	 (Young	et	 al.,	 1978))	 relative	 to	 the	 sham	
group	 (Praharaj,	Ram,	&	Arora,	2009).	However,	a	 follow‐up	study	
employing an identical protocol in an adolescent sample found no 
significant differences in mania outcomes between the active and 
sham groups (Pathak, Sinha, & Praharaj, 2015). The authors sug‐
gest that the discrepant findings between the two studies may be 
accounted for by metabolic differences between adults and chil‐
dren. Specifically, adult patients with mania may have decreased 

Authors Design Mood episode
Sample 
size Sessions (#) Notable outcomes

Rapinesi et al. (2018) Open study (high‐frequency, 
bilateral deep rTMS)

Bipolar depression 20 20 80%	of	patients	showed	response	
following acute treatment

Beynel et al. (2014) Open study (intermittent 
theta burst stimulation vs. 
sham treatment)

Bipolar depression 12 10+ Reductions	in	MADRS	scores	favor‐
ing theta burst stimulation group

Grisaru et al. (1998) Randomized study (right‐
sided, high‐frequency vs. 
left‐sided, high‐frequency 
TMS)

Mania 16 10 Greater	reductions	in	YMRS	and	CGI	
scores favoring right‐sided group, 
notably low response in left‐sided 
group

Kaptsan et al. (2003) Randomized, controlled study 
(right‐sided, high‐frequency 
TMS vs. sham)

Mania 19 10 No	differences	between	groups

Michael and Erfurth 
(2004)

Open study (right‐sided, rapid 
TMS)

Mania 9 8 Reductions in Bech‐Rafaelsen scores

Saba et al. (2004) Open study (right‐sided, high‐
frequency rTMS)

Mania 8 10 Significant reductions in Mania 
Assessment	Scale	and	CGI	scores

Praharaj et al. (2009) Randomized, controlled study 
(right‐sided, high‐frequency 
rTMS vs. sham)

Mania 41 10 Significant	reductions	in	YMRS	
scores favoring active group

Pathak et al. (2015) Randomized, controlled study 
(right‐sided, high‐frequency 
rTMS vs. sham)

Mania 26 10 No	significant	between‐group	
differences

Li	et	al.	(2004) Open study (left‐sided TMS) No	active	episode	
upon study entry

7 50, 34, 46a Three study patients did not experi‐
ence relapse into acute depression 
following one year of TMS

Pallanti et al. (2014) Open study (right‐sided, low‐
frequency rTMS adjunctive 
to mood stabilizer)

Mixed 40 15 Reductions	in	HAM‐D	and	YMRS	
scores for some patients

Abbreviations:	CGI,	Clinical	Global	Impressions	Scale	(Spearing	et	al.,	1997);	HAM‐D,	Hamilton	Rating	Scale	for	Depression	(Hamilton,	1960);	
MADRS,	Montgomery‐Asberg	Depression	Rating	Scale	(Montgomery	&	Asberg,	1979);	TMS,	transcranial	magnetic	stimulation.
aNumber	of	TMS	sessions	completed	by	three	study	patients	who	completed	one	year	of	weekly	TMS.	

TA B L E  1   (Continued)
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metabolism on the right side of their brain and increased metab‐
olism on the left side. Thus, in adults, an rTMS protocol over the 
right	DLPFC	may	 help	 account	 for	 these	metabolic	 discrepancies.	
However, if adolescents do not exhibit this pattern of metabolic ac‐
tivity, they may not be as likely to respond to rTMS over their right 
DLPFC	(Pathak	et	al.,	2015).

To date, only one randomized study has suggested the poten‐
tial	benefit	of	a	TMS	protocol	over	the	right	DLPFC	for	mania,	with	
that one study employing an rTMS protocol (Praharaj et al., 2009). 
It is possible that the repetitive nature of the magnetic pulses in the 
rTMS protocol yields a particular benefit for mania. However, a sub‐
sequent study that replicates the results from this positive trial in an 
adult sample is warranted to confirm that the failed rTMS trial in the 
adolescent sample was indeed due to different metabolic patterns 
in adolescents versus adults and not a broad sign of the treatment's 
limited efficacy.

3.3 | TMS in other illness stages

A	few	open‐label	studies	have	explored	TMS	across	other	phases	
of	the	bipolar	illness.	Li	and	colleagues	evaluated	TMS	as	a	main‐
tenance treatment in patients (n = 7) who had been successfully 
treated with TMS for their depression in a previously described 
study	(Nahas	et	al.,	2003).	Patients	received	weekly	maintenance	
TMS	over	the	left	prefrontal	cortex	for	up	to	one	year.	Among	the	
study patients, three continued with TMS for the full year and did 
not	 re‐enter	 an	 acute	 depressive	 episode	 during	 that	 period	 (Li,	
Nahas,	Anderson,	Kozel,	&	George,	2004).	Another	study	explored	
15	 sessions	of	 low‐frequency	 (1	Hz)	 rTMS	over	 the	 right	DLPFC	
for patients (n	=	40)	 in	a	mixed	bipolar	episode.	All	patients	also	
received	a	mood	stabilizer	as	part	of	the	study	(e.g.,	valproate).	At	
post‐treatment, the responder rate for depressive symptoms (as 
assessed	via	the	HAM‐D	(Hamilton,	1960))	was	46%,	of	which	29%	
met criteria for full remission, and the responder rate for manic 
symptoms	(as	assessed	via	the	YMRS	(Young	et	al.,	1978))	was	15%	
with all meeting criteria for full remission (Pallanti et al., 2014). 
These positive trials suggest that future randomized studies may 
wish to evaluate TMS as a maintenance option or as an interven‐
tion for bipolar mixed states.

Please refer to Table 1 for a summary of the reviewed TMS clin‐
ical trials in BD.

4  | DISCUSSION

Transcranial magnetic stimulation represents an important, largely 
understudied avenue of intervention research and clinical care in 
BD. This review synthesizes data from the few clinical trials that 
have explored TMS as a treatment for patients with BD across var‐
ied mood stages. To date, most research has focused on rTMS for 
patients in a bipolar depressive episode. Perhaps for this reason, 
rTMS for bipolar depression has the greatest empirical support 
with several studies suggesting the treatment's potential in reduc‐
ing depressive symptomatology (Beynel et al., 2014; Dell'Osso et 

al., 2009, 2015; Dolberg et al., 2002; Harel et al., 2011; Tamas et 
al., 2007), though studies are more varied in their findings on the 
most effective rTMS protocol (e.g., high‐frequency vs. low‐fre‐
quency, right‐sided vs. left‐sided, bilateral vs. unilateral). TMS for 
mania has been the focus of fewer clinical trials and yielded more 
inconsistent findings with only one randomized, controlled trial 
suggesting the benefit of rTMS over a sham treatment (Praharaj et 
al., 2009). Of note, despite the disparate study outcomes, nearly all 
the studies of TMS for mania targeted similar right prefrontal cor‐
tical regions. Open‐label studies of TMS for bipolar mixed states 
(Pallanti	et	al.,	2014)	and	for	maintenance	care	(Li	et	al.,	2004)	have	
also delivered promising findings.

There are some important limitations associated with existing 
clinical	trials	of	TMS	in	BD.	Among	the	few	studies	that	have	eval‐
uated TMS as a treatment for BD, many are limited by small sam‐
ples with most studies incorporating 20 or fewer patients. Thus, a 
challenge for upcoming research in TMS will be to conduct larger‐
scale studies of TMS in BD with a focus on enhancing knowledge 
on specific TMS protocols (e.g., in selecting a TMS approach for a 
given bipolar depressed patient with a specific clinical profile, what 
protocol will likely be most effective?). Determining an answer to 
this question will also involve further clarifying the specific param‐
eters that are applied in TMS protocols. For instance, many of the 
reviewed TMS studies applied low‐frequency stimulation at 1 Hz 
and high‐frequency stimulation at 10 Hz. However, a few studies 
applied different stimulation thresholds (such as 2 Hz; Fitzgerald, 
Huntsman, et al., 2006 and 20 Hz Grisaru et al., 1998; Harel et al., 
2011; Rapinesi et al., 2018) though it is important to note that these 
studies did not all incorporate the same type of TMS treatment 
(e.g., some studies involved standard rTMS whereas other studies 
evaluated deep TMS). It will be necessary to further clarify the type 
of TMS treatment along with the optimal threshold of stimulation 
that will be most helpful for a given patient with BD, particularly as 
findings from one study found a trend toward disparate outcomes 
for two different low‐frequency stimulation protocols (Fitzgerald, 
Huntsman, et al., 2006).

Additional	large‐scale	studies	will	also	aid	in	clarifying	predictors	
of	 response	 to	 specific	 TMS	 protocols.	 A	 study	 that	 incorporated	
a large BD sample (n = 146) found that “cognitive–affective” (e.g., 
emotional or cognitive) as opposed to somatic (e.g., bodily related) 
symptoms of depression predicted a superior response to rTMS 
with loss of interest being the most significant cognitive–affective 
symptom	influencing	treatment	response	(Rostami,	Kazemi,	Nitsche,	
Gholipour,	&	Salehinejad,	2017).	Another	study	found	that	patients	
(n = 30) with treatment‐resistant bipolar depression who were being 
treated with certain antidepressants (e.g., trazodone, mirtazapine, 
mianserin) or antihistamines (e.g., promethazine, hydroxyzine) or 
who had a longer illness duration had a poorer response to high‐
frequency	 rTMS	 (Poleszczyk,	 Rakowicz,	 Parnowski,	 Antczak,	 &	
Święcicki,	 2018).	By	 contrast,	 patients	 in	 this	 study	who	 reported	
more sleep disturbances demonstrated a superior response to 
high‐frequency rTMS (Poleszczyk et al., 2018). Thus, elucidating not 
only which illness characteristics affect TMS response but also why 
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certain illness characteristics lead to a superior (or absence of) TMS 
response is key.

Recently, studies have suggested the potential benefit of TMS 
for cognition among patients with BD. Preliminary research suggests 
that TMS can be helpful for improving a range of cognitive functions 
as evaluated via neuropsychological assessments such as verbal flu‐
ency (Thomas‐Ollivier et al., 2017), immediate and delayed verbal 
memory (Kazemi et al., 2018; Myczkowski et al., 2018), executive 
functioning (Kazemi et al., 2018), working memory (Myczkowski et 
al., 2018), attention and processing speed (Myczkowski et al., 2018), 
and	inhibitory	control	(Myczkowski	et	al.,	2018).	Notably,	these	few	
studies incorporated varied TMS protocols (bilateral vs. unilateral) 
and types of TMS treatment (deep TMS vs. standard rTMS), so it 
is not yet possible to definitively match specific TMS protocols to 
certain cognitive improvements. It will also be important to assess 
whether laboratory‐based cognitive gains map onto cognitive im‐
provements in daily functioning at work and at home.

Other important considerations are worthy of note. First, in most 
of these trials, patients were receiving adjunctive pharmacotherapy. 
Thus, findings from these studies may not be entirely generalizable 
in that patients with BD have unique and complex medication reg‐
imens	 (Lin,	Mok,	&	Yatham,	2006).	Yet,	 this	caveat	 is	not	so	much	
a limitation as a reflection on these studies' capacity to reflect 
“real‐world” bipolar patients who may be interested in pursuing 
TMS treatment. Second, across the reviewed studies, patients ex‐
perienced side effects from TMS treatment, though most of these 
were described as mild. The most common mild side effects among 
the studies of TMS for bipolar depression were headaches and in‐
somnia with other side effects including local pain at the site of ad‐
ministration, fatigue, memory difficulties, and dizziness (Dell'Osso 
et al., 2009, 2015; Tamas et al., 2007; Tavares et al., 2017). Most 
notably, in three bipolar depression studies, patients experienced a 
switch into a manic episode either during or shortly after treatment 
(Dell'Osso et al., 2015; Dolberg, Schreiber, & Grunhaus, 2001) and, 
in one study, a patient with bipolar depression experienced transient 
hypomania after three weeks of left‐sided, high‐frequency rTMS (Hu 
et al., 2016).

It will be helpful for future studies to more clearly elucidate how 
clinicians can recognize risk factors for developing mania post‐TMS, 
enabling them to more effectively tailor their treatment for a given 
patient. Only two studies of TMS for mania noted that patients 
reported side effects; across these studies, patients experienced 
pain during their procedure (which went away after session comple‐
tion), dizziness, anxiety, and a brief headache following treatment 
(Pathak et al., 2015; Praharaj et al., 2009). The trial evaluating TMS 
for a bipolar mixed state reported only minor side effects in a few 
patients that included headaches, insomnia, and pain at the site of 
administration (Pallanti et al., 2014), whereas the trial that studied 
TMS as a bipolar maintenance treatment reported no side effects 
(Li	 et	 al.,	 2004).	 Ultimately,	 the	 overall	 minor	 and	 noninterfering	
nature of most side effects represents another promising aspect 
of TMS treatment, potentially facilitating treatment adherence and 
engagement.
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