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Treatment-Resistant Depression (TRD) is quite common, 
occurring in up to one-third of MDD patients [3]. It is estimated 
that TRD accounts for approximately $64 billion of the total cost of 
depression [4,5]. Due to the chronic nature of TRD and its limited 
treatment options, TRD is accountable for a disproportionate amount 
of the disease burden.

Treatment-Resistant Depression (TRD) refers to the concept 
regarding the burden and impact of depression due to its resistance to 
treatment. Moreover, defining TRD mentioning the characterization 
of depression. The American Psychiatric Association describes in the 
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Abstract

Major Depressive Disorder (MDD) is a highly prevalent, persistent, and disabling mental illness. Statistically, the lifetime prevalence of depression is 
17%, but only 6% of those living with depression receive standard treatments. ECT has a long track record of success; it is one of the oldest forms of 
treatment for TRD. On the other hand, rTMS is a non-invasive, painless stimulation of the Central Nervous System (CNS) used to treat TRD.

Objective: To compare the effectiveness of two neuro-stimulation techniques, ECT and rTMS, to treat TRD.

Methods: Randomized Clinical Trials (RCT) was identified by searching MEDLINE, PubMed, and EMBASE. The selection of the study was performed 
by utilizing the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA). The Hamilton Depression Rating Scale (HDRS-21) was 
used to quantify depression severity. This meta-analysis included a total of 11 RCTs which included total number of patients (450) in both ECT and 
rTMS groups.

Results: The mean reduction in HDRS score was 0.2802 higher in ECT than rTMS with the confidence interval (-0.8432 to 1.4037), including a mean 
difference of 0. An analysis of the heterogeneity performed using Cochrane’s Q-statistics showed that a mean decrease in HDRS was significant 
(Cochrane’s Q=56.73; df=10; p<0.05), I2=83.2%.

Conclusion: TRD continues to be a significant clinical challenge. The heterogeneity of the specific patient populations and study designs makes 
it more challenging to compare these therapies directly. There is a pressing need for large-scale, adequately powered studies to draw definite 
conclusions.

Keywords: Depression; Transcranial magnetic stimulation; Treatment-resistant depression; Electroconvulsive therapy; Randomised controlled trial

Abbreviations: ECT: Electroconvulsive Therapy; rTMS: Repetitive Transcranial Magnetic Stimulation; UL: Unilateral; BL: Bilateral; HDRS: Hamilton 
Depression Rating Scale; BPRS: Brief Psychiatric Rating Scale; GAF: Global Assessment of Function Scale; GDR: Global Depression Scale; PSQI: 
Pittsburg Sleep Quality Index; MMSE: Mini Mental State Examination; BDI: Beck Depression Inventory; VAS: Visual Analogue Scale; CGI: Clinical 
Global Impressions; CAMCOG: Cambridge Cognitive Examination scores

Background
Depression is a serious mental illness. Several studies conducted 

by the Global Burden of Disease (GBD): Institute of health metrics 
and evaluation from 1990 to 2010 show MDD to be a leading cause 
of economic burden. In their 2010 study, MDD accounted for 8.2% of 
global YLDs [1]. Major Depressive Disorder (MDD) is a chronic or 
recurrent psychiatric disorder that is associated with high morbidity, 
and presents as a big financial burden. Accumulating evidence has 
suggested that 48% of patients suffering from depression have had 
suicidal thoughts, and 24% of those have attempted suicide [2].
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DSM-5 that MDD is not particularly one disorder, but a combination 
of symptoms and patient profiles. However, many authors include 
that the impact of MDD on TRD influence economic situations 
significantly. TRD is often associated with suicidality and with non-
suicidal mortality and may result in a request for euthanasia/assisted 
dying in some countries.

When it comes to elaborate the definition of TRD-there is no 
validated consensus definition of TRD. At a minimum, TRD signifies 
depression that has failed to respond to at least one optimally 
administered therapy. Regulatory authorities such as the European 
Agency for the Evaluation of Medicinal Products have defined TRD 
as failure to respond to two products of different classes, used for a 
sufficient length of time at an adequate dose, without specification of 
an insufficient dose or duration. The USFDA has not defined TRD; 
instead, FDA approved devices or medication describes the specific 
patient population investigated in pivotal trials to evaluate the safety 
and efficacy of medications and devices [6].

It is estimated that 17 million people in the U.S. suffer from 
depression [7]. Antidepressant medications have been the mainstay 
of depression treatments since the 1950s. Even with the availability 
of many alternative antidepressant agents, TRD continues to be a 
severe problem. It is estimated that 30% to 50% of patients with 
major depression fail to respond to an initial course of antidepressant 
therapy. In the Star*D study, considering all options, remission rates 
for the second-step treatments were a discouraging 25%, amounting 
to an overall response rate of about 50%-55% [8,9]. Today, ECT is 
considered an acceptable treatment for TRD, and its efficacy and safety 
are well established in research. At the same time, rTMS is mostly 
preferred by patients because it is non-invasive, easy to administer, 
and fewer side effects.

Electro-Convulsive Therapy (ECT)
ECT is the most extended-standing psychiatric treatment done 

under anesthesia for patients with TRD. Having been available for over 
79 years, ECT has a long track record of success. Over its long course of 
use, ECT has been sufficiently refined and considered to be a safe and 
effective treatment for TRD. The most significant concern regarding 
ECT is that of potential memory loss. About 75% of all patients who 
are given ECT develop memory impairment [10]. However, follow-up 
studies indicate that almost all patients who do experience memory 
impairment do return to their cognitive baseline after six months of 
treatment [11].

Rose D, et al., found that at least one-third of patients reported 
significant memory loss after going through ECT [11,12]. For most 
patients, the memory loss was limited to short-term retrograde and 
anterograde amnesia, lasting anywhere from a few hours to a few 
days. Such amnesia is usually not very troublesome; nevertheless, 
recent developments in ECT techniques, including ultra-brief pulse 
stimulation, provide a less adverse effect on cognition. Both the ultra-
brief stimulus and right unilateral electrode placement produced less 
short and long-term retrograde amnesia [13]. In one study, a patient-
rated their memory deficit as less severe following ultra-brief right 
unilateral ECT compared to treatments of ultra-brief bilateral ECT 
and standard pulse width unilateral ECT (p<0.001) [14].

Repetitive Transcranial Magnetic Stimulation (rTMS)
rTMS was introduced by Barker AT, et al. [15] in 1985 as a non-

invasive, painless stimulation of the central nervous system. rTMS 
initially used in neurology for studies of nerve conduction; it was 
not until later when it caught the attention of psychiatrists who were 
interested in exploring other, less invasive methods to treat TRD.

Although rTMS also uses electromagnetic energy to stimulate 
specific brain circuits, it differs significantly from ECT. Unlike ECT, 
which does not focus on any region of the brain, rTMS is localized 
mainly to the Left Dorsolateral Prefrontal Cortex (DLPFC). 
Moreover, unlike ECT, patients do not require anesthesia for 
rTMS; it can be easily administered and is associated with little 
to no memory disturbances or cognitive side effects [16]. rTMS 
may cause common side effects such as auditory impairment, 
headaches, seizures, or twitching of facial muscles. Furthermore, 
the relapse rate in patients of rTMS and ECT was recorded over six 
months and has been reported in a clinical trial to be similar at about 
20 percent for both forms of treatment [17].

Mechanism of action
ECT works through electric currents that are passed through the 

brain under general anesthesia. This results in a brief, controlled 
seizure that affects neurons and chemicals in the brain. While TMS 
does not work through an epileptic seizure; instead, it creates magnetic 
fields to stimulate nerve cells in the brain to improve symptoms of 
depression. With TMS, a large electromagnetic coil is placed on a 
person’s forehead, and short pulses are directed into the brain’s area 
believed to control moods. Generally, the rTMS treatment preference 
is higher than that of ECT.

Cost effectiveness of ECT and TMS

The cost of the ECT is higher than that of rTMS ($2075 vs. $814). 
Overall, research suggests that ECT is more effective than rTMS for 
TRD, while patients tend to prefer rTMS, as most insurance providers 
cover it, has fewer side effects. It is much easier to administer [18].

Through an economic evaluation, ECT alone found to be less costly 
on average with more effectiveness than rTMS thorough analysis 
produced by the Markov model, which stimulates the costs and health 
outcomes of individuals under certain conditions over 12 months [19]. 
Another perspective is utilized through the Spanish National Health 
Service by exposing rTMS followed by ECT, which does not include 
family contributions or productivity loss [19].

Methods
This meta-analysis was conducted by authors who independently 

reviewed each study. The literature was searched for RCTs on ECT and 
rTMS for the TRD from July 2000 to July 2017. This meta-analysis is 
performed according to the PRISMA approach in the selection of 
the studies (Figure 1). The literature search identified 69 studies 
published in English on PubMed, EMBASE, and MEDLINE. 
Additional records are identified through other sources, including 
Google Scholar and Research Gate (n=11). After the removal of 
duplicates, 65 articles were screened. Of these, 23 studies were 
excluded based on titles or abstracts that did not meet some or all 
the inclusion criteria. Full-text articles (Listed below) were assessed 
for eligibility (n=42). Full-text articles were excluded with reasons 
(n=31). Studies conducted on the efficacy of ECT and rTMS 
among patients with other psychiatric diagnoses (Schizophrenia, 
anxiety disorder, ADHD) were also excluded. Besides, randomized, 
single-blind controlled studies that administered rTMS only were 
excluded. This meta-analysis included 11 RCTs and the total number 
of patients (450) in both ECT and rTMS groups.

PRISMA approach
The key search terms used to search for literature included “RCTs 

on ECT and rTMS, MDD, TRD.” To be included in the meta-analysis, 
the following study inclusion criteria were set up:
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• RCT’s published in English through various scientific journals.

• Studies must be conducted on human subjects, both male and 
female.

• Subjects for the studies must have given informed consent.

• Studies comparing ECT and rTMS in the treatment of TRD 
met DSM-IV criteria for unipolar depression with or without 
psychotic features. And the TRD defined in those studies as 
“failure to respond to two products of different classes, used for a 
sufficient length of time at an adequate dose.”

• Studies used left prefrontal high frequency rTMS.

• Studies reported sample size, gender distribution, the mean 
reduction in HDRS score, and standard deviation (S.D.) included.

• This meta-analysis included only RCTs which used HDRS as the 
primary outcome measure.

Each study was thoroughly reviewed and evaluated to get a better 
understanding of the results regarding the effectiveness of the two 
treatment modalities. The abstract of each study reviewed initially, 
followed by a detailed, comprehensive review of the entire study to 
ensure studies met the selection criteria.

After the completion of the database search, a summary of each 
article was tabulated under the following headings: author names, 
year of publication, the sample size for TMS and ECT, gender 
distribution, duration of treatment, and the list of psychometric tools 
used for assessment of the severity of depression and whether or not 
psychotropic medication was withheld.

Statistical analysis
Data extraction: The mean reduction in HDRS estimated from 

RCT and the 95% CI of ECT and rTMS outcomes associated with the 

reduction in the mean HDRS were compared for both treatments. The 
data were extracted from each RCT to compute effect size for each 
study and a forest plot to evaluate overall effect size of combined 
studies.

A fixed-effects model: This is a statistical model in which the model 
parameters are fixed or non-random quantities. This is in contrast to 
random-effects models and mixed models in which all or some of the 
model parameters are considered as random variables. Random and 
fixed effect models are two popular statistical models that are utilized 
in meta-analysis. These models aim to provide a general framework 
regarding the interpretation of the statistics [20].

Combined effect size for ECT and rTMS studies: Fixed and 
Random Effect Model was used. The results from a random effect, as 
well as a fixed effect, models are also presented in this meta-analysis 
for the sake of comparison. The mean reduction in HDRS was 0.2802 
higher in ECT, relative to TMS. However, this was not statistically 
significant since the confidence interval (-0.8432 to 1.4037) included 
a mean difference of 0. The random effect model displayed a more 
significant effect size (i.e., 95% confidence interval of 1.1958 ± 2.8914). 
This was also not statically significant. Based on this observation, 
we can conclude that, clinically, ECT is more effective than TMS. 
However, statistically, there is no difference between the two treatment 
modalities.

Statistical analysis and graphics were both computed with 
R-software. The effect size examined in this study was the difference in 
the mean reduction in HDRS. The summary (pooled) mean reduction 
in HDRS was generated using random-effects model to account for 
within and across-study variation to exposure. The summary and 
individual studies’ mean reduction in HDRS was represented as point 
estimates with 95% CI on a forest plot.

 

Figure 1: PRISMA* flow chart-meta-analysis of RCTs on ECT and TMS.
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Qualitative analysis
Table 1 displays a summary of the 11 articles that were used to 

investigate the effectiveness of ECT and rTMS among patients with 
TRD. These RCT satisfied all the inclusion criteria for meta-analysis 
[10,14,16,21-28].

Quantitative analysis (Forest plot-random effect model)
Figure 2 shows the forest plot of the random effect model of all 11 

studies combined effect sizes. This pooled statistical estimate exhibits 
an overall comparison of effectiveness of ECT and TMS in improving 
TRD. The combined summary of effect size is 1.20 with CI (-1.70, 
4.09), which is not statistically significant between ECT and rTMS. 
TMS HDRS Reduction Greater (Favors TMS) ECT HDRS Reduction 
Greater (Favors ECT).

Two studies conducted by Mcloughlin DM, et al. [10] and O’Connor 
M, et al. [24] indicate ECT is more effective than rTMS while another 
study done by Keshtkar M, et al. [28] showed that rTMS is more 
effective than ECT. Keshtkar M, et al. [28] study revealed that the 
reduction in the score of suicidal sub-scale of HDRS was substantially 
greater in the ECT group than in the rTMS. The rest of the studies did 
not show any significant differences.

The results from random effect, as well as fixed effect, models 
are also presented in this meta-analysis for the sake of comparison 
(Table 2). The mean reduction in HDRS was 0.2802 higher in ECT, 
relative to TMS, however, this was not statistically significant since the 
confidence interval (-0.8432 to 1.4037) included a mean difference of 
0. The random effect model displayed a greater effect size (i.e. 95% 
confidence interval of 1.1958 ± 2.8914) this was also not statically 
significant. Based on this observation we can conclude that, clinically, 
ECT is more effective than TMS. However, statistically, there is no 
difference between two treatment modalities.

In order to decide on the appropriateness of the random effect and 
of the fixed effect model, an analysis of heterogeneity was performed 

using Cochrane’s Q-statistics, indicating that the test for heterogeneity 
of the mean reduction in HDRS was significant (Cochrane’s Q=56.73, 
df=10, p<0.05, I2=83.2%). This suggests that all studies have a 
common true effect size, thus revealing a high degree of heterogeneity 
in the effect sizes of the component studies. Based on these findings, 
authors concluded that the random effect model was a better model to 
summarize the combined effect size.

The meta-analysis investigates the hypothesis that the effect size of 
mean HDRS reduction is statistically significantly different between 
ECT and TMS. To this extent, the null hypothesis is the mean difference 
in HDRS reductions between the two therapies (ECT reduction minus 
TMS reduction) is zero. Given the random effect models ascertained 
p>0.05, there is not enough evidence to reject this null hypothesis and 
it cannot be said that the mean difference in HDRS reduction between 
ECT and TMS is statistically significant.

Assessment of publication bias
The publication bias was assessed by construction and inspection 

of funnel plots-that is, plot of the logarithm of the mean reduction in 
HDRS against the logarithm of the standard error of the mean.

A visual inspection of the constructed funnel plots (Figure 3) shows 
that most of the studies, except for three studies Mcloughlin DM, et al., 
O’Connor M, et al., and Keshtkar M, et al., [10,24,28] study were within 
confidence limits, confirming symmetry and supporting evidence of a 
lack of publication bias. However, the three studies outside the funnel 
were in fact the only three studies that demonstrated a statistically 
significant difference between ECT and TMS. Among the three studies 
performed, Mcloughlin DM, et al. and O’Connor M, et al. [10,24] 
demonstrated that ECT was more efficacious than TMS with respect 
to HDRS score reduction, whereas the Keshtkar M, et al. [28] study 
indicated the contrary with statistical significance.

Discussion
The goal of this review is to compare the effectiveness of two 

neurostimulation techniques ECT and rTMS for the treatment of 
TRD. The mean reduction in the HDRS score was 0.2802 higher in 
ECT relative to rTMS with the confidence interval (-0.8432 to 1.4037), 
including a mean difference of 0. An analysis of the heterogeneity 
was performed using Cochrane’s Q-statistics that showed that a mean 
decrease in HDRS was significant.

Additionally, the selection of studies population is varied in 
previous studies; initial RCTs suggested ECT is more effective in 
treating MDD with psychotic features than with nonpsychotic features 
[17]. Nevertheless, because MDD patients with psychotic, suicidal 
elements respond poorly to antidepressant pharmacotherapy alone, 
ECT should be considered first-line therapy for pt. with this disorder.

The findings from a new study suggest- for patients with psychotic 
depression, response to treatment, remission rates, and cognitive 
improvement are better following Electro-Convulsive Therapy (ECT) 
than for patients with nonpsychotic depression. These differences 
may be because psychotic patients are referred for ECT earlier in the 
disease course [29].

There are only a handful of studies comparing rTMS directly to 
ECT, as summarized in table 1. Each of these studies used random 
allocation and blind raters. Most of the studies used more significant 
than ten rTMS sessions (range 10.8 to 20) with high-frequency pulses 
ranging from 5-20 Hz and with a wide range of pulses per session 
ranging from 400 to 15000 pulses. The numbers of failed medication 
trials among included studies were varied significantly. Overall, these 

 

Figure 2: Forest plot: Random Effect (RE) model for effect size of mean 
difference in reduction of HDRS between TMS and ECT. A positive 
mean difference in the figure indicates HDRS reduction is greater in 
magnitude for ECT relative to TMS.
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studies represented the severely depressed population with a mean 
duration of current episode ranging from 10.4 to 66.4 weeks.

Most of these studies did not show apparent statistical differences 
in response rate between ECT and rTMS. Additionally, some studies 
used bilateral, and some used unilateral model. We found variability 
in the studies in terms of measuring the cognitive functions. Some 
studies have used scoring to report cognitive function (CAMCOG: 
Cambridge cognitive Examination scores; MMSE: Mini-Mental State 
Examination), while other studies did not measure the cognitive 
process. The most reported side effects were headaches, muscle 
soreness, and nausea, and cognitive deficit.

All RCTs included in this meta-analysis utilized HDRS to quantify 
depression symptomatology. The HDRS, once considered to be 
the “gold standard”, is widely used to measure the effectiveness of 
antidepressant effects of ECT and TMS, but in the 1990s, its use began 
to be questioned. The central review of 70 studies suggested that 
interrater and retest reliability are adequate for the global score but 
are weaker for individual items. In another study, HDRS compared to 
Beck Depression Inventory (BDI)-a meta-analysis suggested that after 
treatment, the HDRS was more “sensitive to change” on retesting; this 
could be the reason why HDRS has widely used in clinical trials [30].

According to gathered findings from the last meta-analysis [31], 
higher percentages of patients demonstrated an improvement in 
HDRS score (primary outcome) on ECT than on TMS. However, ECT 
uses limited by several disadvantages, including the lack of access in 
many areas; it can be difficult to find practitioners and facilities that 
offer ECT as a treatment. ECT is also associated with a negative public 
image due to the negative stigma [18].

Limitations
Certain drawbacks limit this meta-analysis. One limitation is that 

few studies were available to examine and compare the therapeutic 
effect of ECT and rTMS for TRD. Moreover, the meta-analysis 
limited to manuscripts written in English, thus excluded potentially 
viable papers in other languages. One crucial observation noticed in 
this meta-analysis was that several studies mentioned the number of 
dropouts yet failed to mention the reasons behind this. It is essential 
to reveal why drop-outs and why and how missing data were analyzed 
since this may have impacted the results. Despite these limitations, this 
study supports the clinical impression that ECT is more effective than 
rTMS for treating TRD. Moreover, in one study, ECT was carried out 
according to a standard clinical application, whereas treatment with 
rTMS took place in the context of a research protocol. This difference 
might have influenced the results in favor of ECT [29].

The main limitation of this meta-analysis is small sample sizes 
with a limited number of participants (25-73), therefore, findings 
from this meta-analysis makes the generalization of results difficult. 
Some possible reasons that could have led to smaller sample sizes 
are inaccessibility to rTMS, a lack of referral from a provider or 
unfamiliarity with the new techniques as rTMS was still a new practice 
when those studies were conducted. As the use of rTMS gaining 
popularity and traction, future studies should focus on the utilization 
of larger samples, allowing for the identification of advanced uses and 
benefits of rTMS in clinical practice.

Additionally, the studies included in this meta-analysis were 
randomized and controlled. However, most of the authors in these 
studies have reported that due to the assumed variation in severity of 
the depression, it was ethically unjustifiable to have a placebo group. 
This lack of a control group could be a limiting factor in identifying the 
efficacy of the ECT and rTMS groups.

Future Directions
Short term and long-term effects of ECT and rTMS

Generally, in any treatment it is imperative to consider the overall 
effectiveness as well as safety and tolerability issues. To date, none 
of the study has compared short term and long-term side effects of 
ECT and rTMS; this would be an important area for future research 
to estimate risk/benefit analysis of the two treatment modalities, so 
clinicians can choose the most effective treatment for patients.

The most common problem when dealing with rTMS is discomfort 
or pain at the application, which occurs due to intense magnetic pulses 
applied over the DLPFC. Due to the rich innervations in this area, 
trigeminal nerve stimulation causes contraction of muscles around 
the eye, sensations in the nose and teeth, or tearing. Some patients 
experience tension type headache due to muscle contraction. These 
side effects generally subside gradually within a few weeks. During 
the first few treatment sessions, the use of analgesics (e.g., Aspirin, 
Acetaminophen, Ibuprofen) as a pretreatment may preclude the 
headaches.

The incidence of seizure appears to occur approximately 0.1% of the 
time over an entire course of rTMS treatments. This is the most serious 
potential adverse effect of rTMS, yet it resolves spontaneously with 
supportive therapy and does not result in any long term neurological 
or medical complications. A prior history of seizures is a relative 
contraindication to the use of rTMS [32].

Cognitive side effects of ECT are also an important issue; however, 
most literature lacks a comprehensive comparison of these side effects. 

Figure 3: Funnel plot for mean-difference in HDRS reduction between 
TMS and ECT. A positive mean difference implies ECT had a greater 
positive impact on HDRS reduction than TMS.
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Study Name Participant 
Characteristics ECT Protocol

TMS
Protocol

Outcomes Psychotropics Meds Comments

Grunhaus L, et 
al. [16]

Mean age (S.D):
ECT: 63.6 (15)
TMS: 58.4 (15.7)
N=40
ECT: 20
TMS: 20
Pts. with psychosis 
included: ECT 10, 
TMS 9
Duration of episode 
(weeks):
27.4 (ECT)
33.2 (TMS)
Previous episodes 
(months):
2.4 (ECT)
2.3 (TMS)

Mean treatments: 
9.6
12 received RUL ECT
8 started from RUL 
but switched to BL 
ECT
2.5 × ST

90% MT
Pulse frequency: 
10 Hz
Train duration: 2 to 
6 sec
Pulses per session: 
400-1200
Total sessions: 20

HDRS
BPRS
GAF
GDR
PSQI
MMSE

ECT Group: Psychotropic 
meds were continued 
and pts were stable 
during ECT sessions.
TMS Group: All 
psychotropic 
medications were 
discontinued.
Clonazepam 1-2 mg/
day given in two divided 
doses to decrease 
anxiety, relieve severe 
insomnia and occurrence 
of seizures.

Overall ECT had a higher 
response rate (50% 
reduction in HDRS and 
60% in GAF). However, 
the comparison of the 
two groups with ANOVA 
did not show significant 
differences.
ECT was clearly superior 
to TMS on all clinical 
measures for ECT (73.3 
% vs. 27.5% reduction in 
HDRS, p=0.005).
No difference was 
recorded in cognitive 
effects of two groups 
using repeated 
measures ANOVA.

Pridmore S, et 
al. [21]

Mean age (S.D):
ECT: 41.5 (12.9)
TMS: 44.0 (11.9)
N=32
ECT: 16,
TMS: 16
Treatment resistant
Psychotic patients 
excluded
Duration of episode 
(weeks):
25.6 (ECT)
30.4 (TMS)

RUL
504 mC
100% machine 
output
Man treatments: 6.2

100% MT
Pulse frequency: 
20 HZ
Train Duration: 
2 sec
Pulses per session: 
1200-1400
Total sessions: 
10-14
Mean: 12.2

HDRS
BDI
Mood Rating 
VAS
Side Effects 
Rating Scale

All concurrent 
medications were 
continued.

Overall advantage 
for ECT group on 
multivariate analysis 
(p=0.044). However, no 
statistical difference in 
HDRS scores between 
the two groups 
(p=0.278).
ECT group had 
significantly lower 
BDI ratings than the 
TMS group, with 
improvements of 69.1% 
vs. 45.5% (p=0.027).
Overall remission 
(HDRS<8) were equal in 
both groups (68%).

Janicak PG, et 
al. [22]

Mean age (S.D):
ECT: 42.73 (14)
TMS: 42.87 (12.9), 
N=25
ECT 13, TMS 12
Psychosis:
ECT: 6, TMS: 3
Length of episode 
(weeks):
22.2 (ECT)
12.67 (TMS)
Age of onset:
29.2 (ECT)
25.38 (TMS)

BL
3-12 treatments

100% MT
Pulse Frequency: 
10Hz
Train Duration: 
5 sec
Pulses per session: 
1000
Total sessions: 
10-20

HDRS
BPRS
YMS
CGI

Subjects on anxiolytics 
were given medication 
as needed and attempt 
was made to tapper 
it. Three received 
Clonazepam during 
the study. Three ECT 
subjects received anti-
psychotics for part of the 
treatment.
rTMS subjects did 
not receive any anti-
psychotics medication.

Equivalent improvement 
in ECT and TMS groups. 
Response rate (50% 
reduction in HDRS 
core, final score <10 
or final GAF >60) was 
56% in ECT group and 
46% in TMS group. 
The difference was not 
significant (Fisher exact 
test, p=ns).
Data for psychotic 
patients were not 
analyzed separately.

Table 1: RCTs on ECT and TMS.
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Grunhaus L, et 
al. [23]

Mean Age (S.D):
ECT 61.4 (16.6)
TMS 57.6 (13.7)
N=40, ECT 20, TMS 
20
Psychotic patients 
excluded
Duration of episode 
(weeks):
46 (ECT)
66.4 (TMS)

RUL switched to BL 
(if no response after 
6 treatments).
2.5 × ST13 had RUL 
and 7 had BL ECT.
Mean treatment: 
10.25

90% MT
Pulse frequency: 
10 Hz
Train Duration: 
6 sec
Pulses per Session: 
1200
Total Sessions 20

HDRS
BPRS
GAF
GDR
PSQI
MMSE
MATS

Patients in both groups 
were progressively 
withdrawn from 
Lorazepam medications.
Patients were 
occasionally allowed to 
take Brotizolam (a short 
acting benzodiazepine) 
for sleep induction.

No differences in ECT 
and rTMS groups on 
χ2 test. The response 
rate for the ECT group 
was 60% and for the 
TMS group was 55% 
(χ2=0.01).
Remission rate (HDRS<8) 
was 30% in both groups.
No statistical difference 
in BPRS, GAF, GDR, PSQI, 
MMSE scoring.

O’Connor M, et 
al. [24]

Mean Age (S.D)
ECT: 48.4 (12)
TMS: 51.2 (12.2)
N=28
ECT: 14
TMS: 14

Electroconvulsive 
therapy was 
applied unilaterally 
approximately three 
times per week for 2 
to 4 weeks.

rTMS was applied 
in sessions
of 1600 stimuli at 
10 Hertz and 90% 
of motor threshold 
intensity to the left
dorsolateral 
prefrontal cortex.

HDRS
RVLT Total
Letter 
Number 
sequencing 
subtest from 
WMS-III
TNET

ECT group received 
ECT as an add-on to 
their stable medication 
regimen.
rTMS group underwent 
a medication taper 
and wash-out period; 
received rTMS without 
the adjunct of any other 
medications.

Findings suggest that 
ECT is associated with 
transient negative 
cognitive side effects, 
while deficits of this sort 
are not apparent after 
treatment with a 2-week 
course of rTMS.

Schulze-
Rauschenbach 
SC, et al. [14]

Mean age (S.D):
ECT: 46.7 (11.0)
TMS: 47.7 (13.1) 
Control: 48.9
N=45, ECT: 14, TMS: 
16
Control: 14
Psychosis excluded; 
all were treatment 
resistant.

RUL
2-2.5 × ST
Meant treatments: 
9.9

100% MT
Pulse Frequency: 
10 Hz
Pulse duration: 
2 sec
Mean Sessions: 
10.8

HDRS
BDI
Neuropsych 
testing

Medications not changed 
during treatment 
with ECT or TMS. 
Antidepressants, low 
potency neuroleptics and 
non-benzodiazepines 
hypnotics were 
continued.

No difference between 
ECT and TMS groups, 
response rate (50% 
reduction in HDRS 
scores) in the ECT group 
was 46% and in the
TMS group was 44%, 
with p=0.90
TMS group had a 
statistically superior 
performance on 
anterograde, retrograde 
and subjective memory 
measures.

Rosa MA, et al. 
[25]

Mean age (S.D):
ECT: 46.0 (10.6)
TMS: 41.8 (10.2)
N=40, ECT: 15,
TMS: 20 (5 excluded 
after randomization; 
3 in ECT and 2 in 
TMS group)
Pt. with Psychosis 
excluded.
Duration of illness 
(months):
110.7 (TMS)
103.6 (ECT)
Duration of current 
episode (weeks):
11.5 (TMS)
10.5(ECT)
Previous episodes: 
3.6 (TMS)
2.9 (ECT)

RUL, switched to BL 
if no response after 
2 weeks
4.5 × ST

100% MT
Pulse Frequency: 
10 Hz
Train Duration: 
10 sec
Pulses per session: 
2500
Total Sessions: 20

HDRS
CGI
VAS
Neuropsych 
testing

Use of antidepressants, 
antipsychotics and 
mood stabilizers were 
not permitted during 
treatment period. 
Washout period 
was one week for 
antidepressants, 3 weeks 
for except fluoxetine, 
and 2 weeks for MAOI. 
Benzodiazepines were 
used if necessary (PRN).

ECT and TMS were 
equivalent on ITT 
ANCOVA on all 
measures. Response 
rate (50% reduction in 
HDRS scores) for the ECT 
group was 30% and for 
the TMS group 45 %, 
with p=0.35
Remission rate (HDRS 
<7) for the ECT group 
was 15% and for the 
TMS group was 9%, with 
p=0.65

No difference between 
ECT and TMS groups 
on neuropsychological 
tests.
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Eranti S, et al. 
[26]

Mean age (S.D):
ECT: 68.3 (13.4)
TMS: 63.6 (17.3)
N=46, ECT: 24 (18 
completed), TMS: 22
Psychosis: ECT: 4, 
TMS: 3
Duration of current 
episode
(weeks):
24.4 (ECT)
30.8 (TMS)
Previous episodes:
3.7 (TMS)
4.2 (ECT)

UL switched to BL
1.5 × ST (BL)
2.5 × ST (UL)
Continued until 
improvement
Total sessions? Upto 
10

110% MT
Pulse Frequency: 
10 Hz
Train Duration: 
5 sec
Trains per session 
15000
Total Sessions 15

HDRS
BDI
VAS
BPRS
CAMCOG
MMSE

Patients continued 
their psychotropic 
medications. No changes 
were made.

ECT was superior to 
TMS in Intention to 
Treat (ITT) analysis 
of covariance on all 
depression measures. 
For HDRS Effect Size 
was 1.44 (p=0.002). 13 
patients (59.1%) from 
ECT met remission 
criteria (HDRS <8), while 
only 4 patients (16.7%) 
form TMS group met 
remission criteria.
Included psychotic 
patients
still produced superior 
results for ECT 
(remission rate of 63.2 
% vs. 15.8%, p=0.007).
No significant 
differences between 
ECT and TMS group on 
CAMCOG, MMSE scoring

Mcloughlin DM, 
et al. [10]

Mean Age: N/A
N=46
ECT: 22
TMS: 24

Stimulus dosing 
method, 1.5 times 
seizure threshold, 
course length 
decided by referring 
physician

15 day course, 
rTMS on left 
DLPFC, 20 trains 
per day, 5 seconds 
at 10 Hz, 110% of 
motor threshold

17-item 
Hamilton 
Depression 
Rating Scale 
(HAM-D) 
Beck 
Depression 
Inventory-II 
and visual 
analogue 
Brief 
Psychiatric 
Rating Scale 
(BPRS) score
Quality-
Adjusted Life 
Years (QALYs)

Both groups continued 
to receive standard 
treatment prescribed by 
referring physician and 
care team

rTMS was not as 
effective as ECT.
ECT was substantially 
more effective for the 
short-term treatment of 
depression.

Knapp M, et al. 
[27]

Mean Age (S.D):
ECT: 68 (13)
TMS: 64 (17)
N=46
ECT: 22
TMS: 24

UL switched to BL
1.5 × ST (BL)
2.5 × ST (UL)
Continued until 
improvement
Total sessions?
Range 2-10

110% MT
Pulse Frequency: 
10 Hz
Train Duration: 
5 sec
Pulses per session: 
15000
Total Sessions: 15

HDRS
SF6D

No medication changes 
were made during the 
study.

The cost-effectiveness 
acceptability curves 
indicated that there is 
a very small probability 
that rTMS is more cost-
effective than ECT.

Keshtkar M, et 
al. [28]

Mean Age:
ECT: 35.6
TMS: 34, N=73
This trial analyzed 
the antidepressant 
effects of ECT and 
rTMS in 73 patients 
with TRD.

BL 10 sessions
brief-pulse, square-
wave, constant 
current (pulse width: 
1.4 milliseconds; 
duration: 1.25 
seconds; frequency: 
80 Hz; current: 0.8 
amp)

Active rTMS 
via magnetic 
stimulator session 
lasting 10 minutes 
(408 stimulations 
for each session, 
a total of 4080 for 
each patient).
Left DLPFC
90% of the resting 
motor threshold 
10-day course.

HDRS
BDI

Patients taking 
antidepressants and 
sedatives
excluded from the study.

Both ECT and rTMS 
significantly improved 
depression and suicidal 
behavior scores. 
However, ECT reduced 
depression and suicidal 
behavior scores more 
than rTMS. There were 
no significant adverse 
effects in the rTMS 
group reported.

https://www.ncbi.nlm.nih.gov/pubmed/?term=Keshtkar M%5BAuthor%5D&cauthor=true&cauthor_uid=22080240
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study designs makes it more challenging to compare these therapies 
directly. There is a pressing need for large-scale, adequately powered 
studies to draw definite conclusions.
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