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Electroconvulsive therapy (ECT) is the most effective treatment of depression. During the last decades repetitive
transcranial magnetic stimulation (rTMS), an alternative method using electric stimulation of the brain, has re-
vealed possible alternative to ECT in the treatment of depression. There are some clinical trials comparing their
efficacies and safeties but without clear conclusions, mainly due to their small sample sizes. In the present study,
a meta-analysis had been carried out to gain statistical power. Outcomes were response, remission, acceptability
and cognitive effects in depression. Following a comprehensive literature search that included both English and Chi-

Keywords:
Eleycvtvroconvulsive therapy (ECT) nese language databases, we identified all randomized controlled trials that directly compared rTMS and ECT for
Major depression major depression. 10 articles (9 trials) with a total of 425 patients were identified. Methodological quality, hetero-

Meta-analysis
Randomized controlled trial (RCT)
Repetitive transcranial magnetic stimulation

geneity, sensitivity and publication bias were systematically evaluated. ECT was superior to high frequency rTMS in
terms of response (64.4% vs. 48.7%, RR = 1.41, p = 0.03), remission (52.9% vs. 33.6%, RR = 1.38, p = 0.006) while
discontinuation was not significantly different between the two treatments (8.3% vs. 9.4%, RR = 1.11, p = 0.80).

(rTMS) According to the subgroup analysis, the superiority of ECT was more apparent in those with psychotic depression,
while high frequency rTMS was as effective as ECT in those with non-psychotic depression. The same results were
obtained in the comparison of ECT with low frequency rTMS. ECT had a non-significant advantage over high fre-
quency r'TMS on the overall improvement in HAMD scores (p = 0.11). There was insufficient data on medium or
long term efficacy. Both rTMS and ECT were well tolerated with only minor side effects reported. Results based
on 3 studies suggested that specific cognitive domains such as visual memory and verbal fluency were more im-
paired in patients receiving ECT. In conclusion, ECT seemed more effective than and at least as acceptable as
rTMS in the short term, especially in the presence of psychotic depression. This review identified the lack of good
quality trials comparing the long-term outcome and cognitive effects of rTMS and ECT, especially using approaches
to optimize stimulus delivery and reduce clinical heterogeneity.
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1. Introduction

Electroconvulsive therapy (ECT), is a well-established and effective
option for patients refractory or intolerant to pharmacotherapy
(Janicak et al., 2002). It is the most effective short term treatment for se-
vere major depression (MD) (Eranti et al., 2007) and has relatively high
response and initial remission rates (Daly et al., 2001; Fink and Taylor,
2007; Husain et al., 2004; Lisanby, 2007; McClintock et al., 2011) espe-
cially in the presence of catatonia or psychosis (Bauer et al., 2002). De-
spite the high antidepressant efficacy of ECT (Eranti et al., 2007;
Husain et al., 2004; Janicak et al., 1985, 1989), a substantial number of
depressed patients cannot tolerate ECT (Janicak and Martis, 1999) and
the prospect of achieving prolonged remission with ECT is uncertain
(McClintock et al., 2011; Sackeim et al., 2001). In some individuals,
ECT adversely affects cognitive function, disrupting both new learning
and remote memory, limiting its overall acceptability (Eranti et al.,
2007). Additionally, the use of ECT is often limited by other issues
such as need for anesthesia and seizure induction (Lisanby, 2007;
Rose et al., 2003).

In the past decade, rTMS has emerged as an effective, non-invasive
physical intervention applied to the left or right dorsolateral prefrontal
cortex (DLPFC) for MD (Berlim et al., 2012; Fitzgerald et al., 2003;
George et al.,, 2010; Lingeswaran, 2011; O'Reardon et al., 2007; Pallanti
and Bernardi, 2009; Rosa and Lisanby, 2012). rTMS appears to target
distributed brain networks that are central to the pathophysiology of
depression (George and Post, 2011; Schutter, 2009) and is not followed
by epileptic seizure activity. Low frequency rTMS (stimulation frequen-
cy usually equal to or less than 1 Hz) is thought to inhibit the targeted
brain region, while high-frequency rTMS (usually 5-20 Hz) is consid-
ered to increase excitability (Pal et al., 2005; Rodriguez-Martin José
et al., 2009; Rossi et al., 2009). Depending on the parameters employed,
cortical inhibition or excitation resulting from rTMS can last for up to
several hours after stimulation (Di Lazzaro et al., 2005; Pal et al.,
2005). Compared to ECT, rTMS does not require general anesthesia,
and does not give rise to memorizing difficulties or other serious side
effects.

To date, several RCTs have compared the antidepressant efficacy and
safety of rTMS and ECT (Eranti et al.,, 2007; Grunhaus et al., 2000, 2003;
Hansen et al., 2011; Janicak et al., 2002; Keshtkar et al., 2011; Pridmore
et al,, 2000; Rosa et al., 2006; Wang et al., 2004). While the antidepres-
sant effects of rTMS are well established, its advantage over ECT con-
tinues to be controversial. Secondly, while it is generally accepted that
I'TMS protocols used for depression do not produce enduring cognitive
disruption, it is unclear if this is a specific advantage when compared

to ECT in severe depression. Further, sustaining short-term efficacy to
achieve long-term remission is a crucial therapeutic goal in MD that is
closely linked to social, occupational and economic outcomes (Kelsey,
2004). Given the enduring nature and severity of depression in patients
who are referred to receive somatic interventions such as rTMS and ECT,
comparing the utility of these interventions with regard to long-term
clinical efficacy will potentially aid in complex treatment decisions. To
this end we undertook a systematic review and meta-analysis of RCTs
that compare rTMS and ECT for depression, with or without psychotic
symptoms. We specifically focused on clinically meaningful outcomes
namely response, remission and acceptability. We also investigated
the differences in self-rated mood improvement, general mental state,
cognitive function and adverse effects between the two interventions.

2. Methods
2.1. Search strategy

Relevant randomized controlled trials of rTMS and ECT in patients
with depression that were published or made available electronically
before November 26, 2013, were identified via Pubmed, Embase, Ovid
(all database including Medline, the Cochrane library, PsycInfo and so
on) EBSCO host, and major Chinese databases — Chongqing VIP Data-
base (VIP), Wan Fang Database and Chinese National Knowledge Infra-
structure (CNKI). The search strategies combined free-text searching
with key words probing. Our key search terms included English and Chi-
nese versions of depression, depressive disorder, resistant depression,
electroconvulsive therapy, electric shock therapy, electric convulsive
therapy, electroshock therapy, ECT, TMS, rTMS, and transcranial mag-
netic stimulation. The detailed search procedures are listed in Supple-
mentary search strategy.

2.2. Study selection

All relevant randomized controlled trials with a head to head
comparison of rTMS and ECT were included. We excluded quasi-
randomized studies, such as those allocating by using alternate days of
the week, and where allocation is undertaken on surname. We included
subjects with a diagnosis of primary major depressive episode (unipolar
or bipolar) with or without psychotic symptoms by DSM-IV or ICD-10 or
CCMD.

The interventions met the following criteria: 1) rTMS of high (stim-
ulus rates of more than 1 Hz) or low frequency (stimulus rates of 1 Hz or
less) with stimulating coil placed over the right or left DLPFC. 2) ECT
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given at any intensity and localization. ECT and rTMS may be adminis-
tered in combination with other interventions such as pharmacothera-
py or psychotherapy. We excluded single-pulse TMS and rTMS given for
less than one week duration.

2.3. Data extraction

For each study, data were extracted independently by two authors
(JJ.R. and H. L.), using a simple, structured form. We discussed any dis-
agreement, document and report decisions and, if necessary contact au-
thors of studies for clarification. The data extracted included (1)
demographic, clinical and treatment characteristics (e.g. sample size,
age, sex, interventions) (2) the study design; (3) the primary outcomes:
a.Response: Clinically important response was defined as a 50% or more
reduction in the baseline Hamilton Depression Rating Scale (HAMD)
score at the end of treatment. b. Remission: Pre-defined HAMD based
remission criteria from each individual trial. c. Acceptability: Assessed
as number of patients leaving the study before the end-point (discon-
tinuation rates) for any reasons d. mental state: continuous HAMD
scores; (4) the secondary outcomes: a. Cognitive functioning: change
of cognitive scores as defined by individual studies. b. Mental state: con-
tinuous Brief Psychiatric Rating Scale (BPRS) and Beck Depression In-
ventory (BDI) scores.

Quality of included studies was evaluated based on criteria specified
in the Cochrane handbook (5.2.0) (Higgins et al., 2012) and GRADE sys-
tem (Schiinemann et al., 2008). Two researchers (J.J.R. and H. L.) per-
formed both the risk of bias and GRADE evaluation independently. The
discrepancies were resolved by consensus with a consultation from
the senior author (C.B.L.).

2.4. Statistical analysis

Meta-analysis was conducted using RevMan 5.2.0 developed by
Cochrane Collaboration (Higgins et al,, 2012). The effect size of continu-
ous variables was summarized by weighted mean difference (MD). The
effect size of dichotomous variables was summarized by risk ratio (RR).
The results of pooled analyses are shown using forest plots.

We used chi-squared test and I?> to assess the heterogeneity
among studies. I? assesses the proportion of variance in the MD that is
due to cross-study heterogeneity. If the chi-square test is not significant
(p> 0.05) and I < 50%, the possibility that the studies are heterogeneous is
small, so the fixed-effect model is used to assess pooled results. But when
the significance of the chi-square test is <0.05 or I > 50%, the studies are
considered heterogeneous so the random-effect model is used to assess
pooled results (Higgins et al., 2003) and the sources of the heterogeneity
need to be considered.

Sensitivity analysis was conducted to assess the stability of the re-
sults and funnel plots were used to assess the possibility of publication
bias. To assess the potential effect of each study on the overall conclu-
sion, each included study was sequentially removed and the MD from
the remaining studies was compared with the MD from all studies.
We compared subgroups on potential difference between the patient
type (depression with or without psychosis).

3. Results
3.1. Results of literature search and characteristics of included studies

Of 658 articles obtained from the search, 10 articles (Dannon et al.,
2002; Eranti et al., 2007; Grunhaus et al., 2000, 2003; Hansen et al.,
2011; Janicak et al., 2002; Keshtkar et al., 2011; Pridmore et al., 2000;
Rosa et al., 2006; Wang et al., 2004) met the selection criteria and
were thus included in further analysis. The study selection process is
shown in Fig. 1. Two of the included articles (Dannon et al., 2002;
Grunhaus et al., 2000) reported on the short-term and long-term results

[ 658 records identified through database searching ]

-

[ 362 records after duplicates removed ]

296 duplicates removed ]

352 records removed (not MD, 30; not
RCTs, 4; not direct comparison of ECT and
fTMS, 43 irrelevant, 281; review, 33)

10 records included in
meta-analysis

Fig. 1. Study flow diagram displaying the search process for trial selection. MD, major de-
pression; RCTs, randomized controlled trials; repetitive transcranial magnetic stimulation
(rTMS), electroconvulsive therapy (ECT).

of the same sample; these results were considered as a single trial in the
meta-analysis.

The demographic, clinical characteristics and treatment parameters
of the included studies are summarized in Table 1. Pooling all the 10 ar-
ticles from 9 studies, a total of 212 patients were randomized to ECT
(mean age = 49.8 + 12.6; 61.8% females). Among these, 201 (94.8%)
patients were diagnosed with major depressive disorder and 11 (5.2%)
with bipolar depression. A total of 217 patients were randomized to
rTMS (mean age = 47.6 & 12.4 years; 57.1% females). Of these, there
were 202 (93.1%) patients had major depressive disorder and 15
(6.9%) had bipolar depression. There were 23 (15.2%) patients with psy-
chotic depression in rTMS group and 33 (15.6%) in ECT group. Hansen
et al. (2011) used low frequency right DLPFC rTMS. Keshtkar et al.
(2011) provided no detail of the frequency of rTMS. All other studies
employed high frequency left DLPFC rTMS. Also, rTMS and ECT were
used as an augmentation strategy for depression in almost all studies
(nine out of ten) except Rosa et al. (2006), in which patients were all
drug-naive and did not receive any antidepressants, antipsychotics
and mood stabilizers during the treatment.

3.2. Quality of the studies

As shown in Supplementary Fig. 1, seven of them provided the de-
scriptions of the random sequence generation (Dannon et al., 2002;
Eranti et al., 2007; Grunhaus et al., 2000; Hansen et al., 2011; Keshtkar
et al., 2011; Pridmore et al., 2000; Rosa et al., 2006). Four studies de-
scribed allocation concealment (Eranti et al.,, 2007; Hansen et al.,
2011; Keshtkar et al., 2011; Rosa et al., 2006). Four studies described
single blinding (Eranti et al., 2007; Grunhaus et al., 2003; Pridmore
et al., 2000; Rosa et al., 2006) and four studies were open labeled
(Dannon et al., 2002; Grunhaus et al., 2000; Hansen et al., 2011;
Keshtkar et al., 2011). Two studies (Janicak et al., 2002; Wang et al.,
2004) did not report the details of blinding. Only one study (Hansen
et al,, 2011) had a double blind design. No selective reporting was
found in the included studies. All studies except Pridmore et al. (2000)
and Rosa et al. (2006) reported not being funded by the industry. The is-
sues outlined above gave us reason to judge the risk of bias to be mod-
erate (Supplementary Figs. 1-2). The overall quality of the evidence
assessed by GRADE criteria was moderate (Supplementary Table 1).

3.3. Response, remission and acceptability of treatment
The meta-analysis for response, remission and acceptability was

summarized in Fig. 2. For comparison of high frequency rTMS (HF
r'TMS) with ECT, 48.7% (56/115) subjects in HF rTMS group and 64.4%
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Table 1
List of randomized controlled studies comparing rTMS and ECT for major depression: demographic, clinical characteristics and treatment parameters.
Authors year Design Treatment groups Diagnosis N Mean age  Stimulus intensity Fre Train duration No.of  Pulses per Total Drug free
(Ref. #) (M/F) (SD) (Hz) (s) trains  session sessions
Eranti et al. (2007) Randomized controlled ~ LDLPFC 2 BD, 22 MD 24 63.6 110% MT 10 5 20 1500 13.7 £ 2.7 No
trial, single blind rTMS (4 psychotic) (8/16) (17.3) (range 5-15)
RUL ECT 2 BD, 20 MD 22 683 1.5x seizure threshold for BL 63 +25 No
and BL ECT (3 psychotic) (6/16) (13.4) ECT and 2.5 x seizure (range 2-10)
threshold for RUL ECT
Grunhaus et al. (2000)  Open and randomized LDLPFC MD 20 584 90% MT 10 2 (8 patients), 6 20 400—1200 20 Clonazepam
rTMS (9 psychotic) (8/12) (15.7) (12 patients) (1-2 mg/day)
12 RUL ECT only; MD 20 63.6 2.5x seizure threshold and 96 No
8 RUL and BL ECT (10 psychotic) (6/14) (15.0) increased progressively (range 7-14)
Grunhaus et al. (2003)  Single-masked raters LDLPFC MD 20 57.6 90% MT 10 6 10 1200 20 Lorazepam
and randomized rTMS (non-psychotic)  (6/14) (13.7) (3 mg/day)
13 RUL ECT only; MD 20 614 2.5x seizure threshold and 103 + 3.1 Lorazepam
7 RUL and BL ECT (non-psychotic)  (5/15) (16.6) increased progressively (range 4-13) (3 mg/day)
Hansen et al. (2011) Open, randomized RDLPFC 4 BD, 26MD 30 46 110% 1 NA NA NA 15 No
controlled trial rTMS (5 psychotic) (7/23) (NA)
RUL 4 BD, 26MD 30 52 9 No
ECT (8 psychotic) (11/19)  (NA)
Janicake et al. (2002) Open and randomized LDLPFC 4BD 15 429 110% 10 5 20 1000 10-20 Minimal rescue
rTMS (1 psychotic) (11/4) (12.9) medications
10 MD
(2 psychotic)
BL 4BD 1 42.7 4-12
ECT (3 psychotic) (6/5) (14.0)
7 MD
(3 psychotic)
Keshtkar et al. (2011) Randomized controlled ~ LDLPFC MD 33 34.0 90% NA 10 408 10 No
trial, open rTMS (13/20)  (9.9)
BL MD 40 35.6 MECT 10 No
ECT (8/32)  (8.1)
Pridmore et al. (2000)  Single-masked raters LDLPFC 11MD, 5 BD 16 44.0 100% MT 20 2 30-35 1200-1400 122 + 34 No
and randomized TMS (4/12) (11.9)
RUL ECT 15MD, 1 BD 16 41.5 504 mC 30 6.2 + 1.6 No
(3/13)  (129)
Rosa et al. (2006) Single-masked raters LDLPFC MD 20 41.8 100% MT 10 25 2500 20 Yes
and randomized rTMS (non-psychotic)  (8/12) (10.2)
RUL ECT and BLECT* MD 15 46.0 1152 mC 4 weeks Yes
(non-psychotic)  (8/7) (10.6)
Wang et al. (2004) Single-masked raters LDLPFC rTMS MD 18 31.0 70% MT 20 5 35 500 7 NA
and randomized (7/11) (5.0)
BL ECT MD 18 320 6-10 NA
(8/10)  (6.0)
Dannon et al. (2002) Open and randomized LDLPFC MD 21 56.85 90% MT 10 2 (8 patients), 6 20 1200 20 Clonazepam
rTMS (2 psychosis) (7/14) (15.27) (12 patients) (3 mg/day)
12 RUL ECT only; MD 20 57.43 2.5x seizure threshold 9.6 No
8 RUL and BL ECT (6 psychosis) (6/14) (16.66) and increased progressively (range 7-14)

Abbreviations: ECT, electroconvulsive therapy; rTMS, transcranial magnetic stimulation; BL, bilateral; RUL, right unilateral; LDLPFC, left dorsolateral prefrontal cortex; RDLPFC, right dorsolateral prefrontal cortex; BD, bipolar depression;MD, major
depression; MT, motor threshold; Fre, frequency; NA, not available.
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Janicake et al 2002 7 1B 4 9 90% 1210490,2%] -
Grunhaus et al 2003 9 20 8 2 153% 1.13|0%,23) -1
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Hansen etal 2011 2 D 14 D 216% 157 [1.01,244) =
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Testfor owerall effect 2= 202(P =004

Totad (%% CIj "3 12 1000%  142(1.9%, 1.7 *

Total events a 62
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Pridmore et al. 2000 [ t 16 §6% 100007, 1454

Grunhaus et al. 2000 1 t 20 58% 1000.07,1490)

Janicake et al. 2002 1 15 11 64% 0730.05,10.49)

Grunhaus et al. 2003 12 f 20 56% 100 0.07,1490)

Rosa etal. 2006 2 2 5 20 292% 036p0s,i67) —
Erantietal. 2007 s 24 0 2 29% 1042 [0.59,173.06] >
Subtotal (93% 1 17 109 553% 141 P49, 2353 ey
Total events 1 9
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Low frequency-ECT
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Test for overall e flect: 2= 056 (P = 0.57)
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Heterogenety: Chi*= 4.67,df= 6 (P = 059), F= 0%

Test for oweralleflect: 2= 055 (P = 0.58)

Test for subgroup differences: Chi* = 0.04,df= 1(P=084), F=0%

Total (95% CI) 147 139 1000% 1.7 p.66,2.08) T
:

005 02 1 5 20
Favours rTMS  Favours ECT

Fig. 2. Meta-analysis of repetitive transcranial magnetic stimulation (rTMS) versus electroconvulsive therapy (ECT). (a) Response. (b) Remission. (c) Acceptability. Please note that events
shown in this plot refer to lack of response, remission and all-cause discontinuation (numerically higher in rTMS group than in ECT group).
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(67/104) in ECT group respectively were classified as responders to
treatment. When compared low frequency rTMS (LF rTMS) with ECT,
20% (6/30) subjects in LF rTMS group and 56.7% (17/30) in ECT group
were considered as responders. The pooled RR for clinical response of
HF rTMS with ECT and LF rTMS with ECT was 1.41 [95% confidence inter-
val (CI) = 1.04-1.90,Z = 2.21,N = 6, p = 0.03] and 1.85 [95% CI =
1.18-2.89,Z = 2.69, N = 1, p = 0.007] respectively, both comparisons
indicating a significant difference in outcome favoring ECT therapy
(Fig. 2a). We did not find significant heterogeneity between studies
and subgroups (Chi? = 9.02, df = 6, I> = 34%, p = 0.17).

Totally, more patients were classified as remitters at the end of
study in ECT group than rTMS group [53.0% (70/132) versus 32.2%
(46/143, of which, 38 subjects were treated with HF rTMS and 8 sub-
jects were treated with LF rTMS), respectively]. The pooled RR for
remission was 1.38 for HF rTMS compared with ECT (95% CI =
1.10-1.74; Z = 2.76; N = 6, p = 0.006) and 1.57 for LF rTMS com-
pared with ECT (95% Cl = 1.01-2.44; Z = 2.02; N = 1, p = 0.04) favor-
ing ECT (Fig. 2b). Heterogeneity between subgroups did not exceed that
expected by chance (Chi2 = 9.71, df = 6, > = 38%, p = 0.14).

As shown in Fig. 2¢, no significant difference in acceptability of
treatment was observed between rTMS and ECT [14.3% (21/147) ver-
sus 12.2% (17/139), respectively]. The pooled RR comparing HF rTMS
with ECT from 6 studies was 1.11 (95% Cl = 0.49-2.53,Z = 0.25,p =
0.80). When compared LF rTMS with ECT, the RR from 1 study was
1.25 (95% Cl = 0.57-2.73,Z = 056, p = 0.57). No significant hetero-
geneity between studies (Chi? = 4.50, df = 5, 1> = 0%, p = 0.48) and
subgroups (Chi? = 4.67, df = 6, I*> = 0%, p = 0.59) was found. Fur-
thermore, the associated funnel plots were reasonably symmetrical
suggesting a low risk of publication bias for all analysis.

3.4. Mental state

Data of mental state outcomes (continuous measures) of the
endpoint scores on HAMD, BDI and BPRS were extracted and analyzed.

Seven studies (n = 251; 131 in the HF rTMS group and 120 in the
ECT group) and one study contributed to the comparison of HF rTMS
with ECT and LF rTMS with ECT respectively. Heterogeneity among
subgroups within this analysis exceeded that expected by chance,
implying that the variance among the effect sizes was greater than
expected by sampling error (Chi2 = 19.64, I = 64%, p = 0.006).
So random effects model was used to perform pooled analysis. The
pooled MD between HF rTMS and ECT was 2.15 (95% Cl = —0.50-
4.81, p = 0.11), indicating that there was no significant difference

in outcomes between HF rTMS and ECT. However, the LF rTMS was
significant superior to ECT (p = 0.0002) (Fig. 3).

Two studies with an overall size of 78 patients (n = 38 for ECT group
and n = 40 for HF rTMS) contributed to the analysis of average end-
point score for BDIL The pooled MD for HF rTMS versus ECT was 10.41
(95% CI = 5.02-15.79; p = 0.0002), indicating a significant difference
in outcome favoring ECT (Supplementary Fig. 3). No studies contributed
to the comparison of LF rTMS with ECT.

Four studies contributed to the average endpoint score analysis for
BPRS with an overall size of 148 patients (n = 71 for ECT group, n =
77 for HF rTMS). The results showed a MD of 2.66 (95% CI = 0.08-
5.24, p = 0.04), indicating a significant difference in favor of ECT (Sup-
plementary Fig. 4).

4. Cognitive function

Five studies (Eranti et al., 2007; Grunhaus et al., 2000, 2003; Hansen
et al,, 2011; Rosa et al., 2006) reported on cognitive performance. Of
these, three (Eranti et al., 2007; Grunhaus et al., 2000, 2003) reported
on global cognitive performance as measured by Mini-Mental State Ex-
amination (MMSE). Pooled estimate from these studies revealed no dif-
ference in MMSE between rTMS and ECT (MD = 0.65; 95% CI =
—0.51-1.82; p = 0.27, Supplementary Fig. 5). The heterogeneity of
these studies was insignificant (Chi? = 2.03, p = 0.36, I> = 2.0%).

Rosa et al. (2006), Eranti et al. (2007) and Hansen et al. (2011) con-
ducted the neuropsychological evaluation tests. We organized these
outcomes into several variables that were independently meta-
analyzed and presented according to several familiar cognitive domains
(Semkovska and McLoughlin, 2010) (Supplementary Table 2). No sig-
nificant difference was found in almost the entire cognitive spectrum
except in the following variables: verbal fluency-animals (p = 0.001),
Rey complex figure-copy (p = 0.02), Rey complex figure-delayed recall
(p < 0.0001). These findings suggested that after treatment, the ECT
group were significant more impaired on measure of visual memory
and aspects of executive functioning (verbal fluency), in comparison
to the rTMS group.

5. Side effects

Most of the studies reported the side effect profile of r”TMS and ECT
except Dannon et al. (2002) and Rosa et al. (2006). There were no signif-
icant adverse events (e.g., seizures) and generally only mild side effects
were reported in the rTMS group. Four studies reported the numerical
data about adverse events (Grunhaus et al., 2000, 2003; Hansen et al.,

ITMS ECT Mean Ciffererce Wean Cifference
Stucly or Subarcup  Mean SO Tatal Mean  SD Tetal ‘Asiglt 1V, Random, 95% C1 I, Random, 95% C1
Hightreqency-ECT
Grunhaus et al. 2000 154 75 A 112 84 20 126% 4.2 (0.74,9.14)
Pridmore etal. 2000 113 85 16 83 75 16 113% 3.00 [2.55,8.5) 1T
Janicake etal. 2002 138 114 13 109 95 9  65%  3.00F566 11.66) = =
Grunhaus ¢ al. 2003 133 82 2 {32 66 20 125% 0.10 (4.86,5.06]
Wang et al. 2004 " 3 18 121 28 18 200%  -0.50 [243,1.43] E
Rosa et al. 2006 174 84 W 186 125 15 7I9% -1 [875,6.3) - T
Eranti et al. 2007 188 78 24 104 108 22 114% .40 .91, 13.89] T
Sultatal (95% C1) K| 120 822% 245 [050,451) @
Heterogenety. Tau® = 5.62; Chi*= 12.08,df= 6 (P = 006), F=50%
Test or owerall effect: 2= 159 P =0.11)
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Fig. 3. Forest plot of continuous HAMD score differences between repetitive transcranial magnetic stimulation (rTMS) versus electroconvulsive therapy (ECT). SD: Standard deviation. 2
studies contributing to significant heterogeneity were dropped from this analysis (please see the text for more information).
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2011; Janicak et al., 2002) of rTMS. Altogether, in rTMS froup, 17.0% (9/
53, data from Grunhaus et al., 2000, 2003 and Janicak et al., 2002) of
subjects experienced mild headache, 10% (2/20, data from Grunhaus
et al., 2003) of patients suffered from sleep disturbance; 46.2% (6/13,
data from Janicak et al., 2002) patients experienced facial twitching
and erythema, 30.8% (4/13, data from Janicak et al., 2002) patients felt
nervousness or anxiety. 27.9% (12/43, data from Hansen et al., 2011
and Janicak et al., 2002) patients suffered from pain or discomfort. No
special numerical recording of side effects were reported in ECT group.

Pridmore et al. (2000) performed side effect rating a self-developed
shortened version of the Columbia ECT subjective side effects schedule.
Eranti et al. (2007) modified this scale to included potential rTMS side
effects. The pooled results on this measure from these two studies re-
sulted in MD = 0.19 (95% Cl = —1.84-2.22, p = 0.85), suggesting no
significant difference between rTMS and ECT. Significant heterogeneity
was found in this analysis (Chi?> = 4.16, p = 0.04, I> = 76%).

6. Psychotic symptoms

We also examined whether the RR for response and remission dif-
fered in trials that included patients with psychotic depression (Supple-
mentary Figs. 6 and 7). Of the ten studies included in this meta-analysis,
six included mixed samples of subjects with psychotic depression
(Dannon et al., 2002; Eranti et al., 2007; Grunhaus et al., 2000; Hansen
et al,, 2011; Janicak et al., 2002; Pridmore et al., 2000), and two with
only non-psychotic depression (Grunhaus et al., 2003; Rosa et al.,
2006). Two studies had no details on the psychotic status. Meta-
analysis was conducted to compare studies including mixed samples
and non-psychotic samples. Results for remission and response sug-
gested that ECT was more effective than HF rTMS in studies including
mixed samples of subjects i.e. in the presence of psychosis (response
rate: 66.7% and 33.3% respectively); while HF rTMS was as effective as
ECT in non-psychotic samples (response rate: 51.4% for ECT and 52.5%
for HF rTMS).

7. Discussion

In this systematic review and meta-analysis, 10 reports of 9 trials in-
volving 425 participants were pooled. Our quantitative analysis found
that ECT was more effective than rTMS for major depression, especially
in short-term, particularly for patients with psychotic depression. There
was less randomized evidence that the benefits are maintained in the
long term. Furthermore, we found no significant between-group differ-
ence in all-cause discontinuation rates between the two treatments,
suggesting comparable levels of acceptability. We found both rTMS
and ECT were well tolerated with only minor side effects and no serious
adverse events. The differences between rTMS and ECT for main out-
come were summarized in Supplementary Table 3.

Unlike the categorical outcome of response and remission, the use of
HAMD as a continuous measure provided equivocal results that did not
favor HF rTMS over ECT. While the rTMS frequency used by Keshtkar
et al. is unclear, Hansen et al. used a LF rTMS protocol. This raises the
possibility that LF rTMS protocols may be less effective than ECT. The
current evidence from Hansen et al. (2011) supports this notion. How-
ever, this finding should be interpreted with caution owing to the limit-
ed number of RCTs included in this comparison, especially given the
observation placebo-controlled trials suggest that LF rTMS of right
DLPFC (pooled effect size = 0.82) is at least as effective as HF rTMS ap-
plied to left DLPFC (pooled effect size = 0.53) (Slotema et al., 2010). In
addition, given the shorter duration of stimulation, LF rTMS may have
higher acceptability, though this needs to be investigated in clinical
practice (Eche et al., 2012). Some evidence suggests that increasing
stimulus intensities may improve the efficacy of rTMS while others re-
fute this notion (Herrmann and Ebmeier, 2006; Hovington et al., 2013;
Loo et al,, 1999). In a recent meta-analysis, Jing Xie et al. (2013) included
the same studies as ours, to investigate the effects of stimulus parameter

on r'TMS versus ECT. They concluded that rTMS of 20 Hz, >1200 pulses
per day, >100% MT, four-week treatment period may be as efficacious
as ECT. We suggest that future research comparing rTMS versus ECT
take these observations into consideration (Xie et al., 2013).

Previous studies have shown that while ECT can adversely affect
cognition, rTMS either has no adverse effects or some positive effects
on cognition (Eranti et al.,, 2007). In the present meta-analysis, data on
cognitive functioning were far from comprehensive. Findings on
MMSE suggested that the ECT-treated patients' cognition performance
did not differ with the rTMS-treated patients, However, MMSE is not
particular sensitive to frontal-executive dysfunction in depressed pa-
tients and not specific to cognitive domains that are most affected by
neuromodulation approaches (Dunne and McLoughlin, 2012). We com-
bined data from more detailed neuropsychological tests when available,
especially to evaluate memory deficits, which are often seen with ECT.
While there was no significant difference between the two interven-
tions for most of the cognitive domains, patients receiving ECT were sig-
nificantly more impaired on visual memory and aspects of executive
functioning (verbal fluency). Only visual memory performance im-
proved specifically in response to rTMS treatment (Hansen et al.,
2011). Although Hansen et al. (2011) found both groups improved on
tests of psychomotor speed and attention, this improvement was signif-
icant neither between groups nor within groups when compared with
their own performance before treatment. Contrarily, Eranti et al.
(2007) reported there was a modest but significant improvement in at-
tention and orientation in ECT group, but no differences were detected
on the subscale for anterograde or retrograde memory. However, cau-
tion is warranted in interpreting these cognitive findings in light of
small group size (Eranti et al., 2007). Taken together, these studies high-
light the potential problem of different types of memory disturbance
after ECT and the need for further rigorous research (Eranti et al.,
2007). The current evidence does not provide a quantitative estimate
of the degree of long-term cognitive impairment associated with ECT
precluding any inferences on their persistence. Measuring changes in
cognitive functions, especially in executive functions and visual memo-
ry, would be required in future trials to conclusively establish the cogni-
tive gains on rTMS compared to ECT.

The evolution of ECT as a safe and effective intervention took several
decades; still a number of unanswered questions exist regarding side ef-
fects and stimulus delivery. While the progress with rTMS has also been
slow (Eranti et al., 2007) the optimal parameters for rTMS treatment are
being actively sought. At present, both neuromodulation approaches are
primarily employed as adjuncts for patients who are already medicated.
Systematic investigations will be required in the future to select suitable
pharmacological agents for combining with ECT/rTMS. The results of the
current meta-analysis cannot be generalized to drug-naive population
or patients with less resistant or less severe forms of depression.

Unlike previous meta-analyses on this topic (Berlim et al., 2013; Burt
et al., 2002), our review (1) searched a larger database that included
studies reported in Chinese language (2) included nearly 46% more sub-
jects (n = 294 in Berlim et al., compared to n = 429 in our study) (3)
had broader inclusion criteria, studying the effects of both high and
low frequency rTMS (4) considered the effect of variables that could in-
fluence patient selection in clinical practice such as side effects, cogni-
tive effects, presence of psychosis and the effect on long-term
outcomes. In addition, we also followed GRADE recommendations to as-
sess the quality of individual trials.

7.1. Limitations

There are a number of shortcomings that should be considered when
interpreting the results of this meta-analysis. First, the included studies
enrolled a relatively small number of patients with depression. Overall,
only ten studies were included for meta-analysis. Second, owing to the
relatively small number of trials, we were unable to assess the differen-
tial effectiveness of rTMS and ECT in unipolar and bipolar depression or
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when they are used as an augmentation strategy with medication or as a
monotherapy for depression. Third, recent works suggest a number of
methods that can be employed to optimize outcomes from rTMS treat-
ment, e.g. neuro-navigation (Fitzgerald et al., 2009), connectivity based
targeting (Fox et al, 2012). None of the studies considered here
employed these procedures to improve the effect of rTMS. Fourth, loss
of rater blinding is a potential source of bias. Finally, the differential ef-
fects of rTMS and ECT on a number of other patient-relevant outcomes
such as quality of life, relapse prevention etc. and economic outcomes
have not been considered in the RCTs included in this meta-analysis.

7.2. Implications

7.2.1. Clinical practice

The information in this review suggests that ECT is more effective
than rTMS, especially for patients with psychotic depression, particular-
ly when aiming for response or remission in the short term. However,
the current data is unable to support the superiority of one treatment
over the other when outcomes beyond one month are considered.

7.2.2. Future research

All included trials are generally small, and a large and high quality
randomized trial is required to quantify both the benefits and risks.
We call for future trials to (1) provide a clear description of randomiza-
tion, allocation concealment and blinding (2) include clinically mean-
ingful outcomes such as relapse, admission to hospital, quality of life,
satisfaction with care (3) investigate the medium and long term effects
(4) investigate the effectiveness of low frequency right DLPFC rTMS in
comparison with ECT (5) report individual data for psychotic and non-
psychotic subjects (6) consider rTMS protocols optimized for target se-
lection as well as stimulus parameters.

This systematic review and meta-analysis is registered at the Inter-
national prospective register of systematic reviews (CRD42012002701).
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