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Abstract

Background: The clinical efficacy of repetitive transcranial magnetic stimulation (rTMS) in treatment resistant
patients (at least 4 medication trials) appears to be well accepted and forms the coverage policies and rTMS’s use
in many of the largest US payers. However, less is known about rTMS’s use in patients who have undergone ≤1
failed medication trial. The purpose of this analysis was to determine the clinical efficacy of rTMS in patients after
≤1 medication trials.

Methods: A systematic review of the literature was undertaken to identify all articles which addressed the use of
rTMS in ≤1 medication trial. All types of study designs were included and assessed for quality and strength of
evidence using: GRADE and CEBM. Searches of peer reviewed articles were undertaken for the year 2000 to the
present. All languages were considered. Electronic databases were searched and included: PubMed and EBSCO.
Evidence assessment websites were also searched and included: Cochrane, NICE, AHRQ, and ICER. Additionally, the
clinical guidelines for specialty societies which use rTMS was searched. Hand searches of the reference sections of
identified articles was also undertaken.

Results: Electronic and other sources identified 165 after duplicates were removed. Twenty two articles were
assessed for eligibility and ultimately 10 articles were included in the systematic review and graded. Six articles
were graded high quality (CEBM/GRADE: 1c/B) demonstrating that the use of rTMS was clinically efficacious in
patients after ≤1 medication trial. Four additional trials demonstrated a positive effect of rTMS in patients after ≤1
medication trial but were of a lower quality.

Conclusion: The use of rTMS in patients after ≤1 medication trial should be considered. US payers should consider
revising their coverage policies to include the use of rTMS in these patients.
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Background
Repetitive transcranial magnetic stimulation (rTMS) is an
FDA cleared therapy for use in treating major depressive
disorder (MDD). All products cleared for market use are
indicated for: “Treatment of major depressive disorder in
adult patients who have failed to receive satisfactory im-
provement from prior antidepressant medication in the
current episode [1–5]”. The clinical efficacy of rTMS has
been demonstrated in numerous randomized controlled
clinical trials in patients who have failed 1–4 pharmaco-
logic treatment regimens [6–8]. Additionally, medical
specialty guidance documents support its use, including a
whitepaper from the Clinical Transcranial Magnetic
Stimulation (TMS) Society [9] and consensus recom-
mendations published by a group of rTMS experts in
the National Network of Depression Centers (NNDC)
the American Psychiatric Association (APA) Council
on Research [10].
Current medical policy coverage guidelines for the lar-

gest US payers call for coverage of rTMS if the following
condition is met: “….inability to tolerate psychopharma-
cologic agents (at least 3–4 trials of agents with distinct
side effects) [11–15]”. Unfortunately as patients move
through the depression treatment paradigm they become
more resistant to any therapy [16–19]. The American
Psychiatric Council further states: “A consistent predictor
of antidepressant response across most therapeutic mo-
dalities is the degree of treatment resistance. Thus, rTMS
is like other known antidepressant treatments in this
respect with greater treatment resistance generally pre-
dicting poorer response [10].”
Recently a local Medicare carrier has allowed for

rTMS use after at most 1 failed pharmacologic therapy
[20]. Additionally a lifetime cost effectiveness analysis
examining the use of rTMS after one failed therapy and
comparing it to standard therapy (i.e. multiple trials of
pharmacologic agents) demonstrated that rTMS can be
cost saving and improve upon the quality of life in the
various age cohorts examined [21].
Based on the above, it is the purpose of this analysis to

further examine the evidence on the use of rTMS in pa-
tients major depressive disorder who have failed ≤1 vs. ≥2
pharmacologic trials (as a comparison) to determine if
there is clinical efficacy (and if clinical efficacy improves in
patients who have undergone ≤1 failed medication trial vs.
≥2 failed medication trials [hereafter defined as treatment
resistant]) when used after ≤1 failed medication trials. As
well, it is the intention to examine patients who were
treated with rTMS ± pharmacotherapy vs. pharmacother-
apy as the first therapy in treatment naïve patients in
order to determine rTMS’s clinical effect. This analysis
appears not to have been done previously and may offer
payers an alternative for cost savings and improved out-
comes vs. numerous trials of pharmacologic agents.

Methods
A systematic review of the literature was undertaken
using the following sources and search terms:
Search terms: ((((Predict*) AND response) AND rTMS))

AND depress*. As well, search terms used were: ((((((rTMS)
AND major) AND depress*) AND controlled) AND trial))
AND response.
Electronic searches were undertaken using both PubMed

and EBSCO.
Other searches were made of the following websites:

� Technology Assessments: National Institute of
Health and Clinical Excellence (NICE); Agency for
Health Research and Quality (AHRQ); California
Technology Assessment Forum (CTAF)/Institute for
Clinical and Economic Review (ICER).

� Cochrane Database of Systematic Reviews
� Clinical consensus statements of specialty societies

including the American Psychiatric Association and
the Clinical TMS Society

Hand searches of the reference sections of all articles
obtained were undertaken.
Articles which addressed the issue of the number

of medication trials and rTMS outcomes in patients
with MDD were included. More specifically, those
trials which defined non-treatment resistant patients
as ≤1 medication trial and evaluated rTMS outcomes were
also included. Those trials that defined non-treatment
resistance as ≤2 medication trials were excluded. The
clinical outcome evaluated was clinical response to
rTMS in treatment naïve or after 1 failed medication
trial.
The level and quality of the evidence was assessed

using the Center for Evidence Based Medicine (CEBM)
[22] and Grading of Recommendations, Assessment,
Development, and Evaluation (GRADE) [23] criteria.
(See Additional file 1: Appendix 1 for the criteria
used for each.)
Electronic and hand searches were performed by JV

and adjudicated by LC. Assessment of the evidence was
first performed by JV and confirmed by AL.
Lastly a Preferred Reporting Items for Systematic

Reviews and Meta-Analyses (PRISMA) checklist was
utilized to ensure the manuscript adhered to minimum
accepted guidelines for systematic reviews (Additional
file 2: Appendix 2).

Results
Electronic searches
Electronic databases were searched for the years: 2000 to
the present. The year 2000 was chosen as rTMS began to
be evaluated in patients about this time.
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� PubMed searched on January 20, 2018 using the
search terms: ((((Predict*) AND response) AND
rTMS)) AND depress* - 91 hits; 10 records obtained

� PubMed searched on January 31, 2018 using the
search terms: ((((((rTMS) AND major) AND
depress*) AND controlled) AND trial)) AND
response – 85 hits; 6 records identified; 3 duplicates;
2 new record obtained.

� EBSCO searched on January 21, 2018 using the
search terms: ((((Predict*) AND response) AND
rTMS)) AND depress* - 59 hits; 4 records identified;
3 duplicates; 1 new record obtained

� EBSCO searched on January 31, 2018 using the
search terms: ((((((rTMS) AND major) AND
depress*) AND controlled) AND trial)) AND
response – 50 hits; 4 records identified. 4 duplicates;
0 new records obtained.

Consensus recommendations by specialty societies

� American Psychiatric Association searched on
January 20, 2018–1 hit; 1 record obtained

� Clinical TMS Society searched on January 20,
2018–1 hit; 1 record obtained

Technology assessments/systematic reviews

� National Institute for Health and Clinical Excellence
(NICE) searched on January 22, 2018–1 hit; 1
record obtained

� Agency for Health Research and Quality (AHRQ)
Technology Assessments searched on January 22,
2018–1 hit; 1 record obtained

� Cochrane Database of Systematic Reviews; searched
on January 23, 2018–1 hit; 1 record obtained.

� California Technology Assessment Forum (CTAF)
searched on February 1, 2018–1 hit; 1 record
obtained.

Hand searches of reference sections of articles identified
in above searches (searched on 1/23/18 & 1/31/18)

� Wang Y-M, et al. Randomized controlled trial of
repetitive transcranial magnetic stimulation
combined with paroxetine for the treatment of
patients with first-episode major depressive disorder.
Psych Research. 2017;254:18–23. 1 hit; 1 duplicate;
0 new records obtained.

� Wang H-N, et al. Clustered repetitive transcranial
magnetic stimulation for the prevention of depressive
relapse/recurrence: a randomized controlled trial.
Trans Psych. 2017;7:1292. DOI https://doi.org/
10.1038/s41398-0001-x. 1 hit; 1 new record obtained

� Huang M-L, et al. Repetitive transcranial magnetic
stimulation in combination with citalopram in young
patients with first-episode major depressive disorder:
A double-blind, randomized sham-controlled trial.
ANZJP. 2012;46(3):257–264. 2 hits; 2 duplicates; 0
new records found

� American Psychiatric Association. McClintock SM
et al. Consensus recommendation for the clinical
application of repetitive transcranial magnetic
stimulation (rTMS) in the treatment of depression.
Journal Clinical Psychiatry. 2017; doi.org/10.4088/
JCP.16cs10905–5 hits; 5 new records obtained

� Perera T, et al. The clinical TMS society consensus
review and treatment recommendations for TMS
therapy for major depressive disorder. Brain
Stimulation. 2016;9:336–346. – 4 hits; 3 duplicates;
1 new record obtained.

� Beuzon G, et al. Predictors of response to repetitive
transcranial magnetic stimulation (rTMS) in the
treatment of major depressive disorder. Encephalie.
2017;43:3–9. 2 hits that were duplicates; 0 new
records obtained.

� Dumas R, et al. Stimulation magnétique
trancrânienne répétée dans la prise en chage des
épisodes dépressifs majeurs: facteurs prédictifs de
response thérapeutique. L’Encéphale 2012;38:360–368.
5 hits that were duplicates; 0 new records obtained.

� Brakemeier E-L, et al. Patterns of response to
repetitive transcranial magnetic stimulation (rTMS)
in major depression: Replication study in drug-free
patients. Journal Affect Disord. 2008;108:59–70. 2
hits; 2 duplicates found. 0 new records obtained.

� Brakemeier E-L, et al. Positive predictors for antide-
pressive response to prefrontal repetitive transcranial
magnetic stimulation (rTMS). 2007. 41:395–403. 2
hits; 1 duplicate. 1 new record obtained.

� Fregni, F et al. Predictors of antidepressant response
in clinical trials of transcranial magnetic stimulation.
Inter Jrl Neuropsychopharm 2006;9:641–654. 1 hit;
1 new record found

� Carpenter LL, et al. Transcranial magnetic
stimulation (TMS) for major depression: A multisite,
naturalistic, observational study of acute treatment
outcomes in clinical practice. Depress Anxiety
2012;29:587–596. 2 hits; 2 duplicates. 0 new
records found

� O’Reardon JP et al. Efficacy and safety of
transcranial magnetic stimulation in the acute
treatment of major depression: A multisite
randomized controlled trial. Biol. Psych.
2007;62:1208–1216. & Lisanby SH, et al. Daily left
prefrontal repetitive transcranial magnetic
stimulation in the acute treatment of major
depression: Clinical predictors of outcome in a
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multisite, randomized controlled clinical trial.
Neuropsychopharm. 2009;34:522–534. 3 hits; 3
duplicates. 0 new records found

� Mitchell PB, et al. Transcranial magnetic stimulation
for depression. Austral New Zeal Jrl Psych.
2006;40:406–413. 0 hits

� Fitzgerald PB, et al. A study of the pattern of
response to rTMS treatment in depression. Depress
Anxiety. 2016;33:746–753. 4 hits; 2 duplicates. 2 new
records obtained.

� Cohen RB, et al. Clinical predictors associated with
duration of repetitive transcranial magnetic
stimulation treatment for remission in bipolar
depression. Jrl. Nerv Ment Disord. 2010;198:679–681.
1 hit; 1 duplicate. 0 new records found.

� Yang H, et al. A randomized controlled trial of right
low frequency rTMS combined with escitalopram in
treatment of patients with first-episode depression
in general hospitals. JPBS. 2017;2(5):2. DOI: https://
doi.org/10.20900/jpbs.20170016. 0 hits.

Figure 1 depicts the flow diagram of articles screened,
identified, eligible and excluded from the analysis. In

total there were 10 articles identified which addressed the
issue of rTMS efficacy based on the number of medication
trials and which; focused on patients who were not de-
fined as treatment resistant (≤1 medication failure), that a
patient with MDD had undergone prior to use of rTMS.
These studies are identified in Table 1. Table 2 shows
those studies that were excluded with reasons.
As can be seen in Table 1, there were six studies that

would be considered of high quality as evaluated by
CEBM/GRADE criteria which demonstrated a statisti-
cally significant and positive effect of rTMS in patients
with low medication resistance (≤1 trial) prior [24–29].
The other trials were of lower quality but again, all demon-
strated a positive effect of rTMS in patients with low medi-
cation resistance (≤ 1 trial) [30–33],. Two studies related to
treatment resistance were excluded for the following rea-
sons: Lefkovitz [8] was excluded as it compared ≤2 medica-
tion trials to ≥3 trials. It did however find that patients
treated with rTMS who failed ≤2 medication trials were
significantly more responsive (P = 0.032) vs. those with ≥3
medication trials. Mitchell [34] was excluded as it did not
specify the number of medication trials but did state that
the number of medication trials affected rTMS’s efficacy.

Fig. 1 PRISMA Flow Diagram

Voigt et al. BMC Psychiatry           (2019) 19:13 Page 4 of 11

https://doi.org/10.20900/jpbs.20170016
https://doi.org/10.20900/jpbs.20170016


Ta
b
le

1
St
ud

ie
s
in
cl
ud

ed
in

th
e
an
al
ys
is

St
ud

y
D
es
ig
n

Ba
se
lin
e
ch
ar
ac
te
ris
tic
s

C
om

pa
ris
on

#
m
ed

tr
ia
ls

(t
re
at
m
en

t
re
si
st
an
ce
)

O
ut
co
m
e

C
EB
M
/

G
RA

D
E

Fr
eg

ni
F,
et

al
.I
nt
er

Jr
l

N
eu
ro
ps
yc
ho

ph
ar
.2
00
6
[2
4]

Po
ol
ed

da
ta

fro
m

6
cl
in
ic
al
tr
ia
ls
–

re
tr
os
pe

ct
iv
e
an
al
ys
is
C
ou

nt
rie
s:

C
an
ad
a
(N

=
25

pa
tie
nt
s)
,U

S
(N

=
60
),
A
us
tr
ia
(N

=
29
),
Br
az
il

(N
=
21
)

15
3
pa
tie
nt
s;
A
ge

=
51
.1

±
15
.1
;M

/F
=
63
/9
0

≥
2
m
ed

ic
at
io
n
tr
ia
ls

de
fin
ed

as
re
fra
ct
or
y

(m
ed

ic
at
io
n
re
si
st
an
t)
.

Tr
ea
tm

en
t
re
fra
ct
or
in
es
s
w
as

a
si
gn

ifi
ca
nt

pr
ed

ic
to
r
of

cl
in
ic
al

re
sp
on

se
to

rT
M
S
(P
<
0.
00
01
);

us
e
of

M
od

el
3
ex
cl
ud

ed
Te
l

A
vi
v
pa
tie
nt
s
(N

=
42
)
du

e
to

on
ly
on

e
fa
ile
d
m
ed

ic
at
io
n
tr
ia
l.

Th
er
ef
or
e
19
5–
42

=
15
3
pa
tie
nt
s

in
cl
ud

ed
in

th
e
an
al
ys
is
.

1c
/B

Br
ak
em

ei
er

E-
L,
et

al
.J
rl.

Ps
yc
h
Re
s.
20
07

[3
0]

Pr
os
pe

ct
iv
e
ca
se

se
rie
s

C
ou

nt
ry
:G

er
m
an
y

70
pa
tie
nt
s;
A
ge

=
49
.5
±

12
.5
;M

/F
=
44
/2
6

C
om

pa
ris
on

m
ed

ic
at
io
n

re
si
st
an
t
(≥
2
tr
ia
ls
)
(N

=
51
)

to
no

n-
m
ed

ic
at
io
n

re
si
st
an
t
(1

tr
ia
l)
(N

=
19
)

Pa
tie
nt
s
w
ith

a
sh
or
te
r
du

ra
tio

n
of

de
pr
es
si
ve

ep
is
od

e
an
d
lo
w
er

le
ve
lo

fm
ed

ic
at
io
n
re
si
st
an
ce

sh
ow

ed
a
gr
ea
te
r
re
sp
on

se
to

rT
M
S.

4/
C

O
’R
ea
rd
on

JP
,e
t
al
.B
io
lP

sy
ch
.

20
07

[2
5]
;L
is
an
by

SH
,e
t
al
.

N
eu
ro
ps
yc
ho

ph
ar
m
.2
00
9
[1
8]

D
ou

bl
e
bl
in
d
m
ul
tis
ite

(2
3
ce
nt
er
s)
RC

T
30
1
pa
tie
nt
s;
A
ge

=
48
.3
±

10
.8
;M

/F
=
14
2/
15
9

C
om

pa
ris
on

m
ed

ic
at
io
n

re
si
st
an
t
(≥
2
tr
ia
ls
)
(N

=
14
7)

to
no

n-
m
ed

ic
at
io
n
re
si
st
an
t

(1
tr
ia
l)
(N

=
16
4)

Th
e
lik
el
ih
oo

d
of

re
sp
on

di
ng

to
rT
M
S
w
as

4
tim

es
hi
gh

er
if

pa
tie
nt
s
ha
d
re
ce
iv
ed

on
e

un
su
cc
es
sf
ul

m
ed

ic
at
io
n
tr
ia
l

be
fo
re

rT
M
S
in

co
m
pa
ris
on

w
ith

pa
tie
nt
s
ha
vi
ng

re
ce
iv
ed

2
or

m
or
e
un

su
cc
es
sf
ul

tr
ia
ls

(P
=
0.
02
1)
.E
ffe
ct

si
ze

in
pa
tie
nt
s
w
ith

on
e
fa
ile
d

th
er
ap
y
w
as

0.
83
.P
os
t
ho

c
an
al
ys
is
pe

rfo
rm

ed
by

Li
sa
nb

y.

1b
/B

C
ou

nt
rie
s:
20

si
te
s
U
S;
2

A
us
tr
ia
;1

C
an
ad
a

Br
ak
em

ei
er

E-
L,
et

al
.J
rl
A
ffe
ct

D
is
or
d.

20
08

[3
1]

Pr
os
pe

ct
iv
e
an
d
re
tr
os
pe

ct
iv
e

ca
se

se
rie
s
C
ou

nt
ry
:G

er
m
an
y

79
pa
tie
nt
s;
A
ge

=
49
.1
±

14
.3
;M

/F
=
35
/4
3

C
om

pa
ris
on

w
ith

in
rT
M
S

tr
ea
tm

en
t
ar
m

m
ed

ic
at
io
n

re
si
st
an
t
(≥
2
tr
ia
ls
)
to

no
n-

m
ed

ic
at
io
n
re
si
st
an
t
(1

tr
ia
l)

N
on

-t
re
at
m
en

t
re
si
st
an
t

pa
tie
nt
s
w
ith

a
sh
or
t
du

ra
tio

n
of

ep
is
od

e
w
er
e
m
or
e
lik
el
y

to
re
sp
on

d
to

rT
M
S
th
an

m
ed

ic
at
io
n
re
si
st
an
t
(4
3%

vs
.

18
%
)
(P
=
0.
02
3)

4/
C

C
oh

en
RB
,e
t
al
.J
r.
N
er
v
M
en

t
D
is
.2
01
0
[3
2]

Si
ng

le
ce
nt
er

ob
se
rv
at
io
n

st
ud

y
C
ou

nt
ry
:B
ra
zi
l

56
pa
tie
nt
s;
A
ge

=
48

±
15
;

M
/F
=
26
/3
0

C
om

pa
ris
on

lo
w

tr
ea
tm

en
t

re
si
st
an
ce

[1
tr
ia
l]
(n
=
34
)
to

hi
gh

tr
ea
tm

en
t
re
si
st
an
ce

[≥
2
tr
ia
ls
]
(N

=
22
)

Lo
w

tr
ea
tm

en
t
re
si
st
an
ce

ha
s

a
st
at
is
tic
al
ly
si
gn

ifi
ca
nt

ef
fe
ct

(P
<
0.
01
)
on

tr
ea
tm

en
t
ou

tc
om

e
as

m
ea
su
re
d
by

H
D
RS
.

4/
C

C
ar
pe

nt
er

LL
,e
t
al
.D

ep
re
ss

A
nx
ie
ty
.2
01
2
[3
3]

M
ul
tic
en

te
r
ob

se
rv
at
io
na
l

st
ud

y
C
ou

nt
ry
:U

S
30
7
pa
tie
nt
s;
A
ge

=
48
.6
±

14
.2
;M

/F
=
10
2/
20
5

C
om

pa
ris
on

lo
w

tr
ea
tm

en
t

re
si
st
an
ce

[≤
1
tr
ia
l]
(n
=
14
0)

to
hi
gh

tr
ea
tm

en
t
re
si
st
an
ce

[≥
2
tr
ia
ls
]
(N

=
16
7)

Lo
w

tr
ea
tm

en
t
re
si
st
an
ce

ha
d

a
m
od

es
t
in
flu
en

ce
on

tr
ea
tm

en
t

ou
tc
om

e
as

m
ea
su
re
d
by

C
G
I-S

an
d
PH

Q
-9

ou
tc
om

es
.N

o
st
at
is
tic
al

di
ffe
re
nc
e
be

tw
ee
n
gr
ou

ps
on

re
sp
on

se
an
d
re
m
is
si
on

bu
t
a

hi
gh

er
pe

rc
en

ta
ge

of
pa
tie
nt
s

ha
vi
ng

re
sp
on

se
(5
9.
4%

vs
.

56
.8
%
;C

G
I-S
;5
7.
2%

vs
.5
5.
6%

;
PH

Q
-9
)
or

re
m
is
si
on

(3
9.
9%

vs
.

34
.9
%
;C

G
I-S
;3
1.
9%

vs
.2
6%

;
PH

Q
-9
)w
ith

lo
w

tr
ea
tm

en
t

re
si
st
an
ce

4/
C

Voigt et al. BMC Psychiatry           (2019) 19:13 Page 5 of 11



Ta
b
le

1
St
ud

ie
s
in
cl
ud

ed
in

th
e
an
al
ys
is
(C
on

tin
ue
d)

St
ud

y
D
es
ig
n

Ba
se
lin
e
ch
ar
ac
te
ris
tic
s

C
om

pa
ris
on

#
m
ed

tr
ia
ls

(t
re
at
m
en

t
re
si
st
an
ce
)

O
ut
co
m
e

C
EB
M
/

G
RA

D
E

H
ua
ng

M
-L
,e
t
al
.A

us
t
&
N
Z
Jr
l

Ps
yc
h.
20
12

[2
6]

(N
ot
e:
H
ua
ng

L
et

al
.,
Zh

ej
ia
ng

D
a
Xu

e
Bi
o
Yi

Xu
e

Ba
n.
20
11

is
a
du

pl
ic
at
e
st
ud

y
[4
3]
.

H
ow

ev
er

it
is
in

C
hi
ne

se
so

H
ua
ng

M
-L

et
al
.A

us
t
&
N
Z
Jr
lP

sy
ch

20
12

us
ed

)

Si
ng

le
ce
nt
er

RC
T

C
ou

nt
ry
:C

hi
na

A
ct
iv
e
=
28
;A

ge
=

32
.8
±
7.
3;
M
/F
=
9/

19

Sh
am

=
28
;A

ge
=
31
.6
±

7.
4;
M
/F
=
8/
20

C
om

pa
ris
on

of
rT
M
S
pl
us

ci
ta
lo
pr
am

(N
=
28
)v
s.
rT
M
S

sh
am

pl
us

ci
ta
lo
pr
am

(N
=
28
)

in
fir
st
ep

is
od

e
m
aj
or

de
pr
es
si
ve

di
so
rd
er

on
re
sp
on

se
an
d

re
m
is
si
on

af
te
r
4
w
ee
ks
.F
irs
t

2
w
ee
ks

us
e
of

rT
M
S
(a
ct
iv
e

or
sh
am

).
Se
co
nd

tw
o
w
ee
k

ci
ta
lo
pr
am

on
ly
in

bo
th

gr
ou

ps
.

Si
gn

ifi
ca
nt
ly
gr
ea
te
r
nu

m
be

r
of

ea
rly

im
pr
ov
er
s
(u
si
ng

H
A
M
D
-1
7)

at
2
w
ee
ks

w
ith

rT
M
S
vs
.s
ha
m
/c
ita
lo
pr
am

(P
=
0.
03
1)
.N

o
di
ffe
re
nc
e
in

re
sp
on

se
(4
6%

vs
.3
6%

;
P
=
0.
58
6)

or
re
m
is
si
on

(3
9%

vs
.2
9%

;P
=
0.
57
2)

at
4
w
ee
ks
.

1b
/B

W
an
g
H
-N
,e
t
al
.T
ra
ns
la
tio

na
l

Ps
yc
h.
20
17

[2
7]

Si
ng

le
ce
nt
er

RC
T

C
ou

nt
ry
:C

hi
na

rT
M
S+

m
ed

=
82
;

A
ge

=
42
.3
±

11
.4
;M
/F

=
22
/6
0

M
ed

=
10
8;
A
ge

=
40

±
11
.5
;M

/F
=
23
/8
5

C
om

pa
ris
on

in
fir
st
ep

is
od

e
de

pr
es
se
d
pa
tie
nt
s:
rT
M
S

(N
=
91
)
vs
.a
nt
id
ep

re
ss
an
t

(N
=
10
8)

vs
.r
TM

S
pl
us

an
tid

ep
re
ss
an
t
(N

=
82
)
ov
er

12
m
on

th
s.
Ex
am

in
at
io
n
of

re
la
ps
e/
re
cu
rr
en

ce
.

Re
la
ps
e/
re
cu
rr
en

ce
at

12
m
on

th
s

si
gn

ifi
ca
nt
ly
lo
w
er

in
rT
M
S
pl
us

an
tid

ep
re
ss
an
t
gr
ou

p
(2
0%

)v
s.

an
tid

ep
re
ss
an
t
gr
ou

p
(4
4.
4%

)
(P
=
0.
03
3)
.

1b
/B

W
an
g
Y-
M
,e
t
al
.P
sy
ch

Re
s.

20
17

[2
8]

Si
ng

le
ce
nt
er

RC
T

C
ou

nt
ry
:C

hi
na

A
ct
iv
e
=
22
;A

ge
=

28
.8
±
8.
5;
M
/F
=

12
/1
0

Sh
am

=
23
;A

ge
=
30
.1

±
9.
5;
M
/F
=
13
/1
0

C
om

pa
ris
on

in
tr
ea
tm

en
t

na
ïv
e
pa
tie
nt
s
rT
M
S
pl
us

pa
ro
xe
tin

e
(N

=
22
)
[a
ct
iv
e]

to
rT
M
S
sh
am

pl
us

pa
ro
xe
tin

e
(N

=
21
)
[s
ha
m
]

Re
sp
on

se
an
d
re
m
is
si
on

ra
te

of
[a
ct
iv
e
vs
.s
ha
m
]
95
.5
%

vs
.7
1.
4

an
d
68
.2
%

an
d
38
.1
%

re
sp
ec
tiv
el
y.

(P
<
0.
05
)

1b
/B

Ya
ng

H
,e
t
al
.J
rl
Ps
yc
h
Br
ai
n

Sc
i.
20
17

[2
9]

Si
ng

le
ce
nt
er

RC
T

C
ou

nt
ry
:C

hi
na

A
ct
iv
e
=
41

pa
tie
nt
s;
A
ge

=
35
.5
±
12
;M

/F
=

17
/2
4

Sh
am

=
41

pa
tie
nt
s;
A
ge

=
35
.4
±
12
.1
;M

/F
=
15
/2
5

C
om

pa
ris
on

in
tr
ea
tm

en
t

na
ïv
e
pa
tie
nt
s
rT
M
S
pl
us

es
ci
ta
lo
pr
am

(N
=
41
)
[a
ct
iv
e]

to
rT
M
S
sh
am

pl
us

es
ci
ta
lo
pr
am

(N
=
41
)
[s
ha
m
]

A
ct
iv
e
rT
M
S
pl
us

es
ci
ta
lo
pr
am

si
gn

ifi
ca
nt
ly
m
or
e
ef
fe
ct
iv
e

(≥
50
%

re
du

ct
io
n
in

H
A
M
D
-1
7

sc
or
e)

(N
=
36
)
th
an

sh
am

(N
=
17
)
at

4
w
ee
ks

(P
<
0.
05
)

1b
/B

Voigt et al. BMC Psychiatry           (2019) 19:13 Page 6 of 11



Adverse events (where identified) included Table 3
and mainly consisted of headache and scalp pain
[24, 25, 27–29, 32]. These adverse events were transitory
in nature.
Based on the heterogeneity of the included studies, a

further breakdown of the clinical response to rTMS was
undertaken based on the number of medication trials
prior to its use (Table 4). What can be seen in Table 4
are the following findings: the lower the number of
medication trials, the better the response rate to rTMS;
in patients with a ≤ 1 medication trial, the use of rTMS
plus medication resulted in a response that was signifi-
cantly higher vs. medication only; and in patients with
≤1 medication trial vs. ≥2 medication trials the use of
rTMS provided an improved response.

Discussion
We present results of the first systematic examination of
published clinical trial data to specifically demonstrate

that the use of rTMS therapy in patients with ≤1 failed
medication trials produces superior outcomes compared
to those observed in patients who exhibit higher levels of
medication resistance. It is known that the use of rTMS in
treating MDD has demonstrated clinical efficacy in high
quality studies and in patients who have previously failed
1–4 medication trials [35, 36]. This systematic review/ana-
lysis extends the understanding of the scope of rTMS’
therapeutic potential, and identified several clinical trials
which show improved clinical efficacy of rTMS when used
in depressed patients characterized by less pharmacoresis-
tance (≤1 medication trials). The effect of increased treat-
ment resistance in patients as medication trials increase is
also a consistent finding with other therapeutic modalities
[16–19]. It is also known that 20–40% of patients do not
benefit from, or cannot tolerate adverse effects from, serial
adequate trials of antidepressant medications [37]. It is
thus important to identify treatments that can provide
clinical benefit to the patient as early on as possible.

Table 2 Studies excluded with reasons

Study Reason excluded

Conca A, et al. Human Psychopharmacology. 2000 [44] Did not examine effect of number of antidepressant
trials on rTMS response

Cochrane Review. 2001 [45] Review 17 years old. Did not examine effect on the number
of antidepressant trials on rTMS response.

Holtzheimer PE, et al. Depression Anxiety. 2004 [46] Patients treated with rTMS who responded/did not respond
were identified as either having < 7 or > 7 antidepressant trials.

Mitchell PB, et al. Austral New Zeal Jrl Psych. 2006 [34] Descriptive review of 25 rTMS studies. Stated that patients who
were more treatment resistant (resistance not defined) were less
likely to respond to rTMS.

CTAF, 2009 [47] Review 8 years old. However did reference one study already
included in assessement [18].

AHRQ. 2011 [35] Did not examine number of failed medication trials effect on rTMS

Aguirre AK, et al. Jrl Affective Disord. 2011 [48] Age only was examined as a predictor of rTMS efficacy.

Fitzgerald PB, et al. Expert Reviews 2011[49] Stated patients were not treatment resistant. However,
in examining paper, patients were found to have at
least 2 failed medication trials.

Connolly KR, et al. Jrl, Clinical Psych 2012 [40] Jrl Clin Psych 2017 rTMS consensus recommendations [10]
stated there was no relationship between degree of
treatment resistance and response to rTMS in this study.
However, in this case series analysis it was found that
patients were had an average of 3.4 failed medication
trials and were found to be treatment resistant - with
no direct comparison group.

NICE 2015 [36] Did not examine number of failed medication trials
effect on rTMS

Levkovitz Y, et al. World Psych. 2015 [8] Multicenter (20 centers) RCT. Countries: 14 sites US, 4
Israel, Germany, and 1 Canada. Total of 212 patients (ITT),
181 patients (Per protocol). Comparison low medication
treatment resistance (≤2 trials) to ≥3 failed treatments.
Patients treated with rTMS who failed ≤2 treatments
significantly more responsive (P = 0.032) than those
with ≥3 treatments (P = 0.057).

Fitzgerald PB, et al. Depression Anxiety. 2016 [50] Patients treated with rTMS who responded/did not
respond had on average 5.7–6.1 failed medication trials.
Could not break out low vs. high medication treatment
resistance.
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In a recent cost effective analysis, it has been found
that the introduction of rTMS therapy after one failed
medication therapy may cost less and provide for similar
or even better outcomes when compared with serial
medication trials over the life of the patient [21]. The
findings from this cost effectiveness analysis are in line
with other cost effectiveness analyses which examined
patients over 9 weeks [38], and 3 years [39]. However,
the main methodological difference between these prior
reports and that of the Voigt et al. analysis [21] is the
examination of cost effectiveness in patients who are not
treatment resistant patients (i.e. after only one failed
therapy). As rTMS is more clinically efficacious in pa-
tients who have failed ≤1 failed medication trial, and the
likelihood that it will cost less in a less pharmacoresis-
tant population, may be reason for payers to re-think
coverage policies which restrict rTMS coverage to only
depressed patients who present after 4 failed medication
trials. The present findings support consideration of
rTMS coverage after only one failed medication therapy,
consistent with at least one Medicare local coverage de-
termination policy which covers rTMS services for ap-
propriate candidates after only one failed antidepressant
medication therapy [20].
The 2016 Clinical TMS Society Consensus review of

rTMS for MDD did not address the issue of treatment

resistance [9]. While the results of the present analysis are
in agreement with comments in a recent consensus rec-
ommendations paper [10], the current analysis differs with
regard to the conclusions summarized by McClintock et
al. [10]. They included data from a large, multisite, an
open case series which was excluded from the current
analysis due to the fact that it did not break out treatment
resistance [40]. Additionally, further scrutiny of a large
naturalistic study [33] that shaped the general conclusions
of McClintock et al. [10] shows that while there was not a
statistically significant difference in outcomes between
non-treatment/treatment resistant subgroups, there was
also an identified trend favoring the clinical efficacy of
rTMS in patients who have undergone ≤1 failed medica-
tion trial.
While a direct comparison of response and remission

rates based on degree of treatment resistance cannot be
made, comparing response and remission rates from dif-
ferent studies may provide some insights. As it relates to
the response and remission rates after failed therapies
for both medication and rTMS, the literature shows that
with medication the remission and response rates were:
30.6 and 28.5% after one failed medication therapy; 13.7
and 16.8% after 2 failed medication therapies and; 13
and 16.3% after 3 failed medication therapies [41]. The
response and remission rates for rTMS were noted to be

Table 3 Adverse events

Study Reported adverse events

Fregni F, et al. Inter Jrl Neuropsychopharm. 2006 [24] N = 54; Included headache, neck pain and scalp burn

Brakemeier E-L, et al. Jrl. Psych Res. 2007 [30] Not a defined endpoint.

O’Reardon JP, et al. Biol Psych. 2007 [25]; Lisanby SH, et al.
Neuropsychopharm. 2009 [18]

Active rTMS: eye pain (n = 10); GI & toothache (n = 12);
site discomfort (n = 18); site pain (n = 59); facial pain
(n = 11); muscle twitching (n = 334); pain of skin (n = 14).

Sham: eye pain (n = 3); GI & toothache (n = 1); site
discomfort (n = 2); site pain (n = 6); facial pain (n = 5);
muscle twitching (n = 5); pain of skin (n = 1)

Brakemeier E-L, et al. Jrl Affect Disord. 2008 [31] Not a defined endpoint

Cohen RB, et al. Jr. Nerv Ment Dis. 2010 [32] Headache (n = 6); increased somnolence (n = 2);
nightmares (n = 3)

Carpenter LL, et al. Depress Anxiety. 2012 [33] Tonic/clonic seizure (n = 1)

Huang M-L, et al. Aust & NZ Jrl Psych. 2012 [26] (Note: Huang L
et al., Zhejiang Da Xue Bio Yi Xue Ban. 2011 is a duplicate study
[43]. However it is in Chinese so Huang M-L et al. Aust & NZ Jrl
Psych 2012 used)

Not a defined endpoint

Wang H-N, et al. Translational Psych. 2017 [27] rTMS + meds: diarrhea (n = 5); constipation (n = 28);
dry mouth (n = 43); nausea (n = 3); palpitations (n = 11);
dizziness (n = 8); headache (n = 6); blurred vision (n = 21);
tinnitus (n = 14).

Meds: diarrhea (n = 8); constipation (n = 35); dry mouth
(n = 66); nausea (n = 8); palpitations (n = 9); dizziness (n = 8);
headache (n = 2); blurred vision (n = 15); tinnitus (n = 3).

Wang Y-M, et al. Psych Res. 2017 [28] Active rTMS: headache/scalp pain (n = 7); Sham:
headache/scalp pain (n = 8)

Yang H, et al. Jrl Psych Brain Sci. 2017 [29] Active rTMS: scalp pain & dizziness (n = 2)
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as follows: 95% response and 63% remission rate in treat-
ment naïve patients [28]; 43% response rate after one failed
medication trial [31]; 36.6% remission after one to two
failed medication therapies [18] and; 28.9% remission after
3–4 failed medication therapies [18]. The types of patients
in each of these studies appear to be comparable when
evaluating the baseline characteristics [18, 31, 41]. Based
on the data, it appears rTMS may provide at least compar-
able remission and response outcomes to antidepressant
pharmacotherapy, based on treatment resistance.
Lastly, based on the results in Table 4, there appears to

be a durable and improved response to the use of rTMS
plus medication vs. medication only in patients who have
failed ≤1 medication trials. These trials were well designed
(i.e. RCTs). The use of rTMS as augmentative therapy to
medication in treatment resistant patients (≥2 medication
trials) has also demonstrated an improved response in a
systematic review and meta-analysis [42]. The fact that
similar results are demonstrated in patients who have
failed ≤1 failed medication trial likely holds promise for
rTMS as augmentative therapy in these types of patients.

Limitations
The use of PubMed, EBSCO, and English language jour-
nals may have missed non-English language publications.

The risk of bias in each study was not assessed. However,
CEBM and GRADE assessments were evaluated. Four of
the studies identified were randomized controlled trials
[27–29, 43]. In each of these trials it was identified that
the GRADE quality of evidence was moderate (level B).

Conclusion
High quality evidence exists supporting the clinical effi-
cacy of rTMS in patients who have failed ≤1 medication
therapies. This evidence also appears to be in line with
remission and response rates of patients who have
undergone additional medication trials after one failed
medication trial. High quality evidence also exists that
rTMS used solely or in combination with antidepres-
sants for first-episode major depressive disorder may be
more effective than antidepressants alone. Thus the use
of rTMS may shorten the treatment odyssey for patients
with MDD. Further, cost-effectiveness has been demon-
strated in patients with one failed rTMS therapy. Lastly,
payers are beginning to cover rTMS after one failed medi-
cation trial – with one Medicare payer out of 7 doing so -
Novitas [20]. Private payers in the US are not. Therefore
rTMS should be considered for coverage with patients
who have failed ≤1 failed medication trials.

Table 4 Breakout of studies based on number of medication trials prior to rTMS use

Number of medication trials Studies Comparator Outcomes/effect; study duration

≥2 medication trials Fregni F, et al. (2006) [24] Higher response rate to rTMS therapy in
patients who had a lower number of
refractory treatment trials.

≤1 medication trial Huang M-L, et al. (2012) [26]; rTMS plus med vs. sham plus med Significantly higher number of improvers
at 4 weeks with rTMS plus med.

Wang H-N, et al. (2017) [27]; rTMS plus med vs. med Significantly higher number in response
and remission at 12 months with rTMS
plus med.

Wang Y-M, et al. (2017) [28]; rTMS plus med vs. sham plus med Response and remission significantly
higher in the rTMS + med

Yang H, et al. (2017) [29] rTMS plus med vs. sham plus med Response and remission significantly
higher in the rTMS + med

≥2 medication trials vs.
≤1 medication trial

Brakemeier E-L, et al. (2007) [30]; Use of rTMS with Low (1 trial) vs.
high (≥2 trials) medication treatment
resistance

Likelihood of response was higher
in low treatment resistant patients

O’Reardon JP, et al. (2009) [25]; Use of rTMS with Low (1 trial) vs.
high (≥2 trials) medication treatment
resistance

Likelihood of response was 4X higher
and statistically significantly different
in low treatment resistant patients

Brakemeier E-L, et al. (2008) [31]; Use of rTMS with Low (1 trial) vs.
high (≥2 trials) medication treatment
resistance

Use of rTMS in low treatment
resistant patients had a statistically
significant effect on improved
outcomes

Cohen RB, et al. (2010) [32]; Use of rTMS with Low (1 trial) vs.
high (≥2 trials) medication treatment
resistance

Use of rTMS in low treatment
resistant patients had a statistically
significant effect on improved
outcomes

Carpenter LL, et al. (2012); [33] Use of rTMS with Low (≤1 trial) vs.
high (≥2 trials) medication treatment
resistance

Use of rTMS in low treatment resistant
patients had a modest effect on improving
outcomes.
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