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Abstract
Objective: The primary indication for electroconvulsive therapy is medication-resistant major depression. There is
some evidence that combining electroconvulsive therapy with an antidepressant, instead of electroconvulsive therapy
monotherapy, might improve remission rates. However, data on this topic have not been systematically studied. We
undertook a systematic review and meta-analysis to determine the effectiveness of an adjuvant antidepressant during
electroconvulsive therapy for major depression.
Methods: Embase, Medline Ovid, Web of Science, Cochrane Central, PsychINFO Ovid and Google Scholar were
searched up to January 2019. Randomized controlled trials and cohort studies reporting on the influence of an adjuvant
antidepressant on the efficacy of electroconvulsive therapy for major depression were included. Authors independently
screened records, extracted data and assessed study quality. We reported this systematic review and meta-analysis following Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines.
Results: Nine studies were included in the meta-analysis. The meta-analysis revealed a significant advantage of adjuvant
antidepressants versus placebo. The overall effect size per category of antidepressant was as follows: tricyclic antidepressants: Hedges’ g 0.32 (95% confidence interval: [0.14, 0.51]) (k = 6) with low heterogeneity (I2: 4%, p = 0.39); selective
serotonin reuptake inhibitors/serotonin noradrenaline reuptake inhibitors: Hedges’ g 0.27 (95% confidence interval:
[0.03, 0.52]) (k = 2) with a lack of heterogeneity (I2: 0%, p = 0.89); and monoamine oxidase inhibitors: Hedges’ g 0.35 (95%
confidence interval: [−0.07, 0.77]) with moderate heterogeneity (I2: 43%, p = 0.17) (k = 3).
Conclusion: An adjuvant antidepressant enhances the efficacy of electroconvulsive therapy for major depression. Tricyclic antidepressants, selective serotonin reuptake inhibitors/serotonin noradrenaline reuptake inhibitors and monoamine
oxidase inhibitors showed the same effect size. However, the effect sizes of tricyclic antidepressants and monoamine
oxidase inhibitors are most likely underestimated, due to insufficient doses in most of the included studies. We recommend the routine use of an adequately dosed antidepressant during electroconvulsive therapy for major depression.
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Introduction
Electroconvulsive therapy (ECT) is considered the most
effective treatment for severe major depression (UK ECT
Review Group, 2003). The majority of patients receive ECT
because they do not respond to antidepressant medication trials (American Psychiatric Association, 2001), although there
is evidence that medication resistance can negatively influence the efficacy of ECT. Recent meta-analyses have found

Department of Psychiatry, Erasmus MC – University Medical Centre,
Rotterdam, The Netherlands
Corresponding author:
Esther M Pluijms, Department of Psychiatry, Erasmus MC – University
Medical Centre, P. O. Box 2040, 3000 CA Rotterdam, The Netherlands.
Email: e.pluijms@erasmusmc.nl

Australian & New Zealand Journal of Psychiatry, 00(0)

2
remission rates of 48% and 58% for patients with medication-resistant depression (Haq et al., 2015; Heijnen et al.,
2010). Improving these remission rates would be of great
clinical benefit. Moreover, continuing an antidepressant
instead of ceasing the drug prior to ECT prevents withdrawal
symptoms, saves time and reduces the risk of full relapse.
There is some evidence to suggest a synergy between
ECT and antidepressants. A randomized controlled trial
(RCT) by Sackeim et al. (2009) showed a favourable effect
of a combination of ECT and nortriptyline on remission
rates. A recent case report described a patient with psychotic depression. She responded very slowly to ECT monotherapy and failed to achieve full remission. After a severe
relapse of psychotic depression, she very rapidly attained
full remission with a combination of ECT and imipramine
(Birkenhager and Pluijms, 2016). Further data on the influence of antidepressant medication on the efficacy of ECT
are limited and inconclusive. Even guidelines vary in their
recommendations regarding adjuvant antidepressant medication during ECT. Some guidelines recommend considering a combination treatment, particularly among patients
with medication-resistant depression (American Psychiatric
Association, 2010), whereas other guidelines recommend
considering ceasing antidepressant medication prior to
ECT (State of Queensland, 2018) or weighing the advantages and disadvantages of combination treatment in each
individual patient and thus leaving the decision to the clinician (Dutch Psychiatric Association, 2010). The British
guidance on the use of ECT does not give specific recommendations, although it states that the combination of ECT
and pharmacotherapy is not superior to ECT alone (National
Institute for Health and Care Excellence, 2003).
To our knowledge, there are no systematic reviews or
meta-analyses on the influence of an adjuvant antidepressant on the efficacy of ECT. Thus, neither the routine use of
an adjuvant antidepressant during ECT nor the routine discontinuation of the drug prior to ECT is justified by sound
scientific data. We addressed the question of whether ECT
should be routinely combined with an antidepressant to
improve its efficacy. We conducted this systematic review
and meta-analysis to provide well-founded recommendations for clinical practice.

Methods
This systematic review and meta-analysis was registered in
the Research Registry (reviewregistry763) (Research
Registry, 2019) and it adhered to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines (Moher et al., 2009).

Search strategy
One author (E.M.P.) and an experienced biomedical information specialist searched the electronic databases Embase,
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Medline Ovid, Web of Science, Cochrane Central,
PsychINFO Ovid and Google Scholar for relevant Englishlanguage studies up to 15 January 2019. Supplementary
Table 1 provides the exact search strategies. The electronic
database search was supplemented by a manual review of
reference lists from eligible articles.

Inclusion criteria
The inclusion criteria were as follows: (1) an RCT or a prospective/retrospective cohort study; (2) a diagnosis of
major depressive disorder; (3) a course of ECT; (4) intervention condition: an adjuvant antidepressant during ECT;
and (5) control condition: a placebo or an active placebo
during ECT or ECT monotherapy in retrospective cohort
studies. Both unipolar and bipolar depression were
included. For the diagnosis of depression, the diagnostic
criteria according to the International Classification of
Diseases, tenth edition (ICD-10) (World Health
Organization, 2010); Diagnostic and Statistical Manual of
Mental Disorders, third edition (DSM-III) (American
Psychiatric Association, 1980); Diagnostic and Statistical
Manual of Mental Disorders, fourth edition (DSM-IV)
(American Psychiatric Association, 1994); Diagnostic and
Statistical Manual of Mental Disorders, the text revision of
the fourth edition (DSM-IV-TR) (American Psychiatric
Association, 2000) and Diagnostic and Statistical Manual
of Mental Disorders, fifth edition (DSM 5) (American
Psychiatric Association, 2013) were accepted, as well as
diagnoses based on clinical observation. There was no
restriction on the type or dose of antidepressant.

Study selection
After removing duplicates, two authors (E.M.P. and
W.W.v.d.B.) independently screened all articles on the basis
of title and abstract. Articles that were deemed potentially
relevant by at least one author were selected. The same
authors independently reviewed the full text of the selected
articles and assessed their eligibility. We resolved any disagreements by discussion and consensus with a third author
(T.K.B.). All eligible articles, both RCTs and cohort studies, were used for qualitative analysis. For quantitative
analysis, we only included RCTs.

Data extraction
We used a structured data extraction form to collect the following information from all eligible articles: (1) study
characteristics, e.g., study design, study setting, patient
population and sample size; (2) ECT method, e.g., electrode placement, waveform, dose strategy, frequency and
duration of ECT; (3) details of the intervention condition,
e.g., type, dose and monitoring of adjuvant antidepressant;
(4) type of control condition, e.g., placebo or type of active
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placebo or ECT monotherapy; (5) outcome measures; and
(6) overall results. Additionally, we extracted data on the
study quality of the studies included for quantitative analysis (see Methods, section ‘Quality assessment’).
If studies reported multiple outcome measures, we
included the outcome measure that operationalized the clinical psychiatric symptoms the best. We preferred instruments that are validated for the assessment of depressive
symptoms, such as the Hamilton Rating Scale for
Depression (HRSD) (Hamilton, 1960) and the Montgomery
Asberg Depression Rating Scale (MADRS) (Montgomery
and Asberg, 1979). We preferred interviewer-reported
questionnaires to self-reported questionnaires. We also
accepted outcomes assessed by means of the Clinical
Global Impression (CGI) rating scale (Guy, 1976) or clinical observation. If available, we opted for data from an
intention-to-treat analysis.

Quality assessment
RCTs. Two authors (E.M.P. and W.W.v.d.B.) independently assessed the risk of bias for each RCT in the quantitative analysis using the criteria outlined in the Cochrane
Handbook for Systematic Reviews of Interventions (Higgins and Green, 2011). We estimated the risk of bias
according to the following eight quality criteria: (1) random
sequence generation; (2) allocation concealment; (3) blinding of participants and personnel; (4) blinding of outcome
assessment; (5) use of intention-to-treat analysis and
incomplete data; (6) selective reporting; (7) baseline imbalance; and (8) other bias, i.e., intervention or treatment fidelity, which is the extent to which the intervention or
treatment is delivered as it should be according to current
standards. We judged each potential source of bias as high,
low or unclear. If a study had a crossover design, we only
considered the part before the crossover. For studies that
reported on an acute and a continuation phase, we only
included the acute phase of ECT. We resolved any disagreements by discussion and consensus with a third author
(A.M.K.).
Cohort studies. Two authors (E.M.P. and A.M.K.) independently rated the strength of each cohort study using the
checklist outlined in the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) statement (von Elm et al., 2007). We resolved any disagreements by discussion and consensus with a third author
(T.K.B.).

Statistical analysis
Per category of adjuvant antidepressant, we calculated
pooled effect size estimates between the intervention group
and the control group over a minimum of two trials. We
distinguished three categories of adjuvant antidepressants,
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i.e., tricyclic antidepressants (TCAs), selective serotonin
reuptake inhibitors (SSRIs)/serotonin noradrenaline reuptake inhibitors (SNRIs) and monoamine oxidase inhibitors
(MAOIs). SSRIs and SNRIs were pooled, because the
mean dose of venlafaxine used in the study by Sackeim
et al. (2009) was 187 mg/day. At doses below 225 mg/day,
venlafaxine acts as an SSRI (Debonnel et al., 2007). Effect
sizes were reported using Hedges’ g and corresponding
95% confidence intervals (CIs; Hedges and Olkin, 1985).
The results for each category of adjuvant antidepressant
were plotted in a forest plot. In cases of substantial heterogeneity, random-effects analyses were used to estimate an
overall treatment effect. Cochran’s Q-test and the I2 and T2
statistics were used to quantify heterogeneity across trials.
Heterogeneity was further explored by conducting sensitivity analyses. Specifically, we calculated the overall treatment effect using both fixed- and random-effects modelling
and evaluated the impact of the modelling procedure on the
overall treatment effect. Additionally, we created subgroups
of trials based on type of electrode placement, outcome
measures (standardized questionnaires vs other types of rating scales vs clinical observations) and the criteria included
in the risk of bias evaluation. We assessed the impact of
these moderator variables on the overall effect of adjuvant
medication. The effect of the year of publication on the
overall treatment effect was assessed using meta-regression
analysis. Standardized effect sizes were calculated using
comprehensive meta-analysis (CMA). Statistical analyses
were performed using the ‘metan’ package in Stata 15
(Stata Corp, 2017). Differences in the mean treatment effect
between subgroups were estimated using the ‘metaf’ macro
(Wilson, 1999).
Publication bias was assessed visually with a funnel
plot. Additionally, we formally assessed whether the effect
size decreased in proportion to increasing sample size using
Egger’s test (Egger et al., 1997). In case of an asymmetrical
funnel plot, missing data were imputed using the trim-andfill method (Duval and Tweedie, 2000).

Results
Study selection
After removing duplicates, the database search identified
3026 abstracts. Further results of the study selection are
shown in the PRISMA flow diagram (Figure 1). We excluded
22 out of 30 eligible articles for the reasons as outlined in
Figure 1. Eight articles met our inclusion criteria. We identified four additional articles via a cross-reference check.
Thus, 12 studies were included in our systematic review
for qualitative analysis. Since we only included RCTs in
our meta-analysis, the quantitative analysis was based
on nine studies. The raw interrater agreement suggested
substantial interrater reliability (kappa = 0.78; 95%
CI: [0.63, 0.93]).
Australian & New Zealand Journal of Psychiatry, 00(0)
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Figure 1. Flow diagram of the study selection.

Characteristics of included studies
Twelve studies met our inclusion criteria: nine RCTs (Imlah
et al., 1965; Kay et al., 1970; Lauritzen et al., 1996; Mayur
et al., 2000; Monaco and Delaplaine, 1964; Muller, 1961;
Sackeim et al., 2009; Seager and Bird, 1962; Wilson et al.,
1963) and three retrospective cohort studies (Baghai et al.,
2006; Kho et al., 2005; Nelson and Benjamin, 1989). We
found no prospective cohort studies. Table 1 shows detailed
information about the study characteristics. There is a
remarkably lack of data from the last decade.
RCTs. Most studies reported on one category of antidepressant. Only two studies reported on two different categories of
Australian & New Zealand Journal of Psychiatry, 00(0)

antidepressants (Imlah et al., 1965; Sackeim et al., 2009).
One study specified the type of depression, including both
unipolar and bipolar depression (Sackeim et al., 2009). Three
studies provided data on electrode placement: in one study,
all patients received unilateral ECT (Mayur et al., 2000); in
the second study, patients received either unilateral or bilateral ECT (Sackeim et al., 2009); and in the third study, an
atypical ECT protocol was used, i.e., all patients were
switched from bilateral to unilateral ECT after three sessions
(Lauritzen et al., 1996). ECT dose strategies were described
in two studies (Mayur et al., 2000; Sackeim et al., 2009).
Only one of these studies described an adequate dose strategy of 1.5 times the seizure threshold in bilateral ECT and 6
times the seizure threshold in unilateral ECT (Sackeim et al.,

Patients and sample size

Depressive disorder
(clinical observation)
Total sample n = 132
ECT + diazepam n = 73
ECT + AMI n = 59

Major depressive
disorder (DSM-IV)
Total sample n = 30
ECT + placebo n = 15
ECT + TCA n = 15

Major depressive
disorder (DSM-IV)
Total sample n = 319
ECT + placebo n = 135
ECT + NOR n = 93
ECT + VEN n = 91

RCT, inpatient
clinic, UK

RCT
(discontinuation
study), inpatient
clinic, India

RCT, inpatient
clinic, USA

 Kay et al.
(1970)

 Mayur et al.
(2000)a

 Sackeim
et al.
(2009)b

Depressive disorder
(clinical observation)
Total sample n = 150
ECT + placebo n = 50
ECT + IMI n = 50
ECT + PHE n = 50

RCT, inpatient
clinic, UK

 Imlah et al.
(1965)a

Randomized controlled trials on adjuvant TCA

Study

Design, setting and
country

Table 1. Characteristics of the included studies.

RUL or BL; pulse,
square wave; dose
titration (stimulus
RUL 6× ST, BL
1.5× ST); 3 ECT
sessions/week until
remission.

UL; pulse, square
wave; dose
titration (stimulus:
2.5× ST); 3 ECT
sessions/week
for 4 weeks or
until remission,
whichever was
earlier.

No information
available on ECT
method.

No information
available on
electrode
placement,
waveform and
dose strategy; 2
ECT sessions/week
until favourable
clinical response,
maximum of 12
treatments.

ECT method

ECT + NOR
(mean blood level
82.1 ± 52.2 ng/mL)

ECT + TCA

ECT + AMI
50–150 mg

ECT + IMI 75 mg

Intervention

ECT + placebo

ECT + placebo

ECT + diazepam
4–12 mg

ECT + placebo

Control
condition

24-item HRSD
Remission:
reduction
HRSD
score ⩾ 60%
and post-ECT
HRSD ⩽ 10

17-item HRSD,
MADRS

HRSD

Number of
ECT sessions
until response,
based on
‘5-point scale’

Outcome
measures of
interest

(Continued)

Remission rate:
ECT + placebo 41.4%
ECT + NOR 54.8%
ECT + VEN 52.8%
Difference between
intervention and
control group shows
trend in favour of NOR.
Mean post-ECT HRSD
score:

Mean HRSD score and
mean MADRS score at
week 4 not reported.
No significant
differences between
intervention and
control group.

Mean decrease in HRSD
score at 1 month:
ECT + diazepam 24.4
ECT + AMI 28.7
No significant difference
between intervention
and control group.

Mean number of ECT
sessions until response:
ECT + placebo 7.93
ECT + IMI 7.15
ECT + PHE 6.90
No significant difference
between intervention
and control group.

Results
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Depressive disorder
(clinical observation)
Total sample n = 10
ECT + atropine n = 6
ECT + IMI n = 4

RCT, inpatient
clinic, USA

 Wilson
et al.
(1963)c

 Lauritzen
et al.
(1996)a,d

RCT, inpatient
clinic, Denmark

Major depressive
disorder (DSM-III-R)
Total sample n = 87, of
which n = 35 in this study
arm

Randomized controlled trials on adjuvant SSRI/SNRI

Depressive disorder
(clinical observation)
Total sample n = 43,
analysed sample n = 40
(drop-outs excluded for
analysis)
ECT + placebo n = 21
ECT + IMI n = 19

RCT, inpatient
clinic, UK

Patients and sample size

 Seager
and Bird
(1962)a

Study

Design, setting and
country

Table 1. (Continued)

First 3 ECT sessions
BL, thereafter UL;
pulse, square wave;
no information
available on dose
strategy; 3 ECT
sessions/week until
remission.

No information
available on
electrode
placement,
waveform and
dose strategy; 2
ECT sessions/week
for six treatments.

No information
available on
electrode
placement and
dose strategy;
sine wave; 2 ECT
sessions/week until
favourable clinical
response.

ECT method

ECT + PAR 30 mg

ECT + IMI 150 mg

ECT + IMI 150 mg

Intervention

ECT + placebo

ECT + atropine
0.1 mg

ECT + placebo

Control
condition

HRSD, number
of ECT
sessions

HRSD

Number of
ECT sessions
until response,
based on
clinical
observation

Outcome
measures of
interest

(Continued)

Mean post-ECT HRSD
score:
ECT + placebo 9.2 ± 3.4
ECT + PAR 8.9 ± 4.7
Mean number of ECT
sessions until response:
ECT + placebo
11.1 ± 3.8

Mean decrease in HRSD
score at week 5:
ECT + atropine
22.3 ± 1.6
ECT + IMI 20.7 ± 1.9
Difference between
intervention and
control group not
statistically analysed.

Mean number of ECT
sessions until response:
ECT + placebo 7.0
ECT + IMI 6.3
No significant difference
between intervention
and control group.

ECT + placebo
15.9 ± 10.7
ECT + NOR 12.6 ± 9.8
ECT + VEN 13.0 ± 9.7
Significant difference
between ECT + NOR
and ECT + placebo
in favour of NOR;
ECT + VEN did not
differ from the other
conditions.

Results
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RCT, inpatient
clinic, USA

Major depressive
disorder (DSM-IV)
Total sample n = 319
ECT + placebo n = 135
ECT + NOR n = 93
ECT + VEN n = 91

ECT + placebo n = 17
ECT + PAR n = 18

Patients and sample size

 Imlah et al.
(1965)a

RCT, inpatient
clinic, UK

Depressive disorder
(clinical observation)
Total sample n = 150
ECT + placebo n = 50
ECT + IMI n = 50
ECT + PHE n = 50

Randomized controlled trials on adjuvant MAOI

 Sackeim
et al.
(2009)b

Study

Design, setting and
country

Table 1. (Continued)

No information
available on
electrode
placement,
waveform and dose
strategy; 2 ECT
sessions/week until
favourable clinical
response, maximum
of 12 treatments.

RUL or BL; pulse,
square wave; dose
titration (stimulus
RUL 6× ST, BL
1.5× ST); 3 ECT
sessions/week until
remission.

ECT method

ECT + PHE 45 mg

ECT + VEN (mean
dose 187 mg/day)

Intervention

ECT + placebo

ECT + placebo

Control
condition

Number of
ECT sessions
until response,
based on
‘5-point scale’

24-item
HRSDR
emission:
reduction
HRSD
score ⩾ 60%
and post-ECT
HRSD ⩽ 10

Outcome
measures of
interest

(Continued)

Mean number of ECT
sessions until response:
ECT + placebo 7.93
ECT + IMI 7.15
ECT + PHE 6.90
No significant difference
between intervention
and control group.

Remission rate:
ECT + placebo 41.4%
ECT + NOR 54.8%
ECT + VEN 52.8%
Difference between
intervention and
control group shows
trend in favour of NOR.
Mean post-ECT HRSD
score:
ECT + placebo
15.9 ± 10.7
ECT + NOR 12.6 ± 9.8
ECT + VEN 13.0 ± 9.7
Significant difference
between ECT + NOR
and ECT + placebo
in favour of NOR;
ECT + VEN did not
differ from the other
conditions.

ECT + PAR 12.1 ± 6.3
No significant difference
between intervention and
control group in mean
post-ECT HRSD score
and number of ECT
sessions until response.

Results
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RCT, outpatient
clinic, UK

 Muller
(1961)

 Baghai et al.
(2006)

Cohort study,
inpatient clinic,
Germany

Retrospective cohort studies

RCT, inpatient
clinic, USA

Monaco and
Delaplaine
(1964)b

Study

Design, setting and
country

Table 1. (Continued)

Major depression (ICD10)
Total sample n = 358
ECT alone n = 170
ECT + TCA n = 78
ECT + TTCA n = 40
ECT + SSRI n = 30
ECT + other AD n = 40

Depressive disorder
(clinical observation)
Total sample n = 100
ECT + placebo n = 45
ECT + PHE n = 55

Depressive disorder
(clinical observation)
Total sample n = 26
ECT + placebo n = 12
ECT + TRA n = 14

Patients and sample size

UL or BL; pulse,
square wave;
dose titration
in < 5% of patients;
dose strategy in
remaining patients:
based on age in
UL, based on halfage in BL;
2.8 ECT sessions/
week (mean).

No information
available on
electrode
placement,
waveform and
dose strategy; 2
ECT sessions/
week until clinical
response.

No information
available on ECT
method.

ECT method

ECT + AD

ECT + PHE 45 mg

ECT + TRA 20 mg

Intervention

ECT alone

ECT + placebo

ECT + placebo

Control
condition

CGI

‘25-point scale’

Clinical
observation

Outcome
measures of
interest

(Continued)

Scores on CGI not
reported.
Significantly higher
severity of illness and
less improvement
in control group
and ECT + SNRI
group compared
to ECT + TCA,
ECT + TTCA and
ECT + SSRI groups.

Mean post-ECT score
on ‘25-point scale’:
ECT + placebo
6.62 ± 4.04
ECT + PHE 4.82 ± 2.75
Mean decrease on ‘25
point scale’ at end of
ECT:
ECT + placebo
4.31 ± 5.28
ECT + PHE 7.24 ± 4.37
Significant differences
between intervention
and control group in
mean post-ECT score
and mean decrease on
‘25-point scale’.

Improvement rate at
week 4:
ECT + placebo 91.7%
ECT + TRA 78.6%
Difference between
intervention and
control group not
statistically analysed.

Results
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Cohort study,
inpatient clinic, USA

 Nelson and
Benjamin
(1989)
Depressive disorder
(clinical observation)
Total sample n = 84
ECT alone n = 44
ECT + partial TCA n = 23
ECT + full TCA n = 17

Major depressive
disorder (DSM-IV)
Total sample n = 73
ECT alone n = 26
ECT + TCA n = 19
ECT + SSRI n = 12
ECT + combination
treatment and or lithium
and or antipsychotic
medication n = 49

Patients and sample size

UL; pulse, square
wave; dose
strategy:
‘Initial middle
setting’ so that
seizures of > 30s
were obtained;
no information
available on
frequency of ECT;
ECT sessions
administered until
favourable clinical
response.

UL, UL > BL or BL;
pulse, square wave;
dose strategy
based on age,
adjusted upwards
if patients used
benzodiazepines
and or
anticonvulsants; 2
ECT sessions/week
until remission.

ECT method

ECT + partial TCA
(IMI blood level
75–149 ng/mL or
daily dose 50–99 mg)
ECT + full TCA (IMI
blood level 150–
300 ng/mL or daily
dose > 100 mg)

ECT + psychotropic
medication (among
which AD)

Intervention

ECT alone

ECT alone

Control
condition

Number of
ECT sessions,
‘clinical
observation
scale’ (no
(0), slight (1),
moderate (2)
and marked (3)
improvement)

17-item HRSD
Remission:
reduction
HRSD
score ⩾ 60%
and post-ECT
HRSD < 8

Outcome
measures of
interest

Mean post-ECT score
on ‘clinical observation
scale’
ECT alone 2.0
ECT + partial TCA 2.4
ECT + full TCA 2.6
Significant difference
between ECT + full
TCA and ECT alone;
no significant difference
between ECT + partial
TCA and ECT alone.
Mean number of ECT
sessions until response:
ECT alone 9.8
ECT + partial TCA 8.0
ECT + full TCA 8.2
Significant difference
between control group
and both intervention
groups; no significant
difference between
ECT + partial TCA and
ECT + full ECT.

Remission rate:
ECT alone 61.5%
ECT + psychotropic
68.1%
No significant difference
between intervention
and control group.

Results

RCT: randomized controlled trial; UK: United Kingdom; USA: United States of America; TCA: tricyclic antidepressant; SSRI: selective serotonin reuptake inhibitor; SNRI: serotonin noradrenaline reuptake
inhibitor; MAOI: monoamine oxidase inhibitor; TTCA: tetracyclic antidepressant; AD: antidepressant; IMI: imipramine; AMI: amitriptyline; NOR: nortriptyline; PAR: paroxetine; VEN: venlafaxine; PHE:
phenelzine; TRA: tranylcypromine; DSM: Diagnostic and Statistical Manual of Mental Disorders; ECT: electroconvulsive therapy; RUL: right unilateral ECT; UL: unilateral ECT; BL: bilateral ECT; ST: seizure
threshold; HRSD: Hamilton Rating Scale for Depression; MADRS: Montgomery Asberg Depression Rating Scale; CGI: Clinical Global Impression; ICD-10: International Classification of Diseases, tenth edition.
a
These studies consisted of two phases: (1) acute treatment and (2) follow-up. We only included the first phase in our systematic review and meta-analysis.
b
These studies had a crossover design. We only included the part prior to crossover in our systematic review and meta-analysis.
c
This study consisted of two phases: (1) ECT + IMI versus ECT + atropine and sham ECT + IMI versus sham ECT + atropine and (2) ECT + atropine versus IMI alone. We only included the ECT + IMI
versus ECT + atropine arm of the first phase in our systematic review and meta-analysis.
d
This study consisted of two study arms: (1) ECT + PAR versus ECT + placebo and (2) ECT + IMI versus ECT + PAR. We only included the first study arm in our systematic review and meta-analysis.

Cohort study,
setting unclear, The
Netherlands

 Kho et al.
(2005)

Study

Design, setting and
country

Table 1. (Continued)
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2009). In eight studies, patients were randomized into groups
that either received an adjuvant antidepressant or received an
adjuvant placebo or active placebo during ECT. In these
studies, ECT and the antidepressant or placebo were started
simultaneously. One RCT used a different design; patients
were randomized into groups that either continued an ongoing treatment with antidepressant medication or withdrew
from antidepressant medication with placebo substitution at
the start of ECT (Mayur et al., 2000).
Retrospective cohort studies. The studies included unipolar
depressed patients (Nelson and Benjamin, 1989) or both unipolar and bipolar depressed patients (Baghai et al., 2006; Kho
et al., 2005). All studies provided information on electrode
placement and their ECT dose strategy. None of the studies
used an adequate dose strategy, according to current standards.
None of the studies provided information on the way antidepressants were combined with ECT. It is unclear if ECT was
added to an ongoing treatment with an antidepressant or if
antidepressants and ECT were started simultaneously.

Outcomes of included studies
Table 1 shows detailed information about the study
outcomes.
RCTs. Sackeim et al. (2009) found a trend in remission rate
in favour of nortriptyline relative to placebo. Muller (1961)
showed a significant difference in decrease in symptoms on
a ‘25 point scale’ in favour of phenelzine relative to placebo. Six studies failed to demonstrate a significant advantage of an adjuvant TCA (Imlah et al., 1965; Kay et al.,
1970; Mayur et al., 2000; Seager and Bird, 1962), SSRI
(Lauritzen et al., 1996), SNRI (Sackeim et al., 2009) or
MAOI (Imlah et al., 1965) during ECT. Two studies did not
perform a statistical analysis (Monaco and Delaplaine,
1964; Wilson et al., 1963).
Retrospective cohort studies. The studies by Nelson and
Benjamin (1989) and Baghai et al. (2006) showed an
advantage of an adjuvant antidepressant during ECT. Nelson and Benjamin reported a significant difference in
improvement on a clinical observation scale in favour of
ECT + TCA relative to ECT monotherapy. Baghai et al.
found a higher efficacy of ECT + TCA, SSRI or mirtazapine relative to ECT monotherapy. Kho et al. (2005) failed to
demonstrate a significant difference in remission rate
between patients using TCA or not during ECT.

ANZJP Articles
in the majority of quality criteria. In this study, only intervention or treatment fidelity showed bias, since almost
90% of the patients randomized to the unilateral ECT
group received a suboptimal stimulus dose due to the maximum settings on the device. The other eight RCTs showed
an unclear or a high risk of bias in the majority of quality
criteria, since most of these studies did not report on random sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome
assessment, use of intention-to-treat analysis and incomplete data, and baseline imbalance. Moreover, study protocols were frequently lacking, outcome measures were not
always prespecified, statistical analyses were not always
described, and low doses of TCAs and MAOIs were used.
Regarding the individual quality criteria, the most prevalent risk of bias was found for selective reporting and
intervention or treatment fidelity. Selective reporting
showed bias in seven out of nine studies (Imlah et al., 1965;
Kay et al., 1970; Mayur et al., 2000; Monaco and Delaplaine,
1964; Muller, 1961; Seager and Bird, 1962; Wilson et al.,
1963). These studies did not describe a study protocol. In
all studies, except for the study by Lauritzen et al. (1996),
intervention or treatment fidelity showed bias. In these
studies, according to current standards, inadequate doses of
antidepressants or ECT were used.
Retrospective cohort studies. The strength of the study by
Nelson and Benjamin (1989) was rated as moderate. In this
study, the dose of TCA was based on plasma levels in an
unspecified number of patients. In the remaining patients,
doses of imipramine > 100 mg/day were classified as ‘full
TCA’. These doses might have been insufficient (Birkenhager et al., 2005). Moreover, this study relied on the number of ECT sessions and an invalidated clinical outcome
scale as outcome measures. The strengths of the studies by
Kho et al. (2005) and Baghai et al. (2006) were rated as
poor. Kho et al. focused on predictors for the efficacy of
ECT. The efficacy of an adjuvant antidepressant was just a
small part of this study. The type, dose and plasma levels of
TCAs were not reported. An unspecified number of patients
received a variety of psychotropic drugs in addition to antidepressants, including benzodiazepines and anticonvulsants. These drugs may interfere with the efficacy of ECT
(Boylan et al., 2000; Jha and Stein, 1996; Sienaert and Peuskens, 2007). Baghai et al. used different types of antidepressants. Doses or plasma levels of TCAs were not
reported. More than half of the patients received other psychotropic drugs in addition to antidepressants. Almost 30%
of the patients received two to six other psychotropic drugs.

Quality assessment

Meta-analysis

RCTs. Figure 2 shows the results of the assessment of the
risk of bias for each RCT included in this systematic review.
Regarding the individual RCTs, the study by Sackeim
et al. (2009) is the only study that showed a low risk of bias

A total of 9 RCTs, estimating 11 effect sizes, were included
in the meta-analysis. Figure 3 shows the effect of an adjuvant TCA, SSRI/SNRI and MAOI. The overall effect size
of TCAs was Hedges’ g 0.32 (95% CI: [0.14, 0.51]) (k = 6)
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Figure 2. Risks of bias of studies included in the quantitative analysis.

using random-effects estimation. Heterogeneity was low
(I2: 4%, p = 0.39). Fixed- and random-effects estimations
resulted in identical effect size estimates. The overall
effect size of SSRI/SNRI was Hedges’ g 0.27 (95% CI:
[0.03, 0.52]) with a lack of heterogeneity (I2: 0%, p = 0.89)
(k = 2). Fixed- and random-effects estimations resulted in
identical effect size estimates. Finally, MAOI showed an
overall effect size of Hedges’ g 0.35 (95% CI: [−0.07,
0.77]) using random-effects estimation (k = 3). Heter
ogeneity was moderate (I2: 43%, p = 0.17). Fixed-effects
estimation resulted in a higher effect size with a smaller CI
(Hedges’ g: 0.40; 95% CI: [0.12, 0.69]).

The funnel plot including the effect sizes extracted from
the RCTs was symmetrically shaped (Figure 4), suggesting
no indication of publication bias. The Egger’s test supported this finding (β = 0.15; 95% CI: [−1.69, 1.99];
p = 0.85). Results remained unchanged using the trim-andfill method.
A sensitivity analysis was performed regarding design
characteristics, study quality and year of publication. We
were not able to estimate the impact of the type of electrode
placement, due to insufficient data. More recent studies
showed more homogeneity compared to early studies.
However, we found no indication of a linear association
Australian & New Zealand Journal of Psychiatry, 00(0)
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Figure 3. Forest plot showing meta-analytic results of efficacy of an adjuvant TCA, SSRI/SNRI and MAOI versus placebo or
active placebo on ECT.

Figure 4. Funnel plot of included studies.

outcome assessment on the overall effect (Q = 0.89, df = 9,
p = 0.99). The randomization procedure did not significantly
impact the overall effect (Q = 0.99, df = 8, p = 0.99), nor did the
allocation procedure (Q = 0.80, df = 10, p = 0.99), blinding of
personnel (Q = 0.73, df = 9, p = 0.99), blinding of the assessor
(Q = 0.80, df = 10, p = 0.99), incomplete data (Q = 0.80, df = 10,
p = 0.99) or baseline imbalance (Q = 0.89, df = 9, p = 0.99). We
were not able to estimate the impact of intervention or treatment fidelity due to insufficient variation between studies.

Discussion
Main findings

between year of publication and reported add-on medication
effect (β = −0.002; 95% CI: [−0.009, 0.005]; p = 0.498). We
found no indication of an impact of the instrument used for
Australian & New Zealand Journal of Psychiatry, 00(0)

The results of our meta-analysis indicate that an adjuvant
antidepressant, compared to placebo or active placebo,
enhances the efficacy of ECT in patients with major depression. Although effect sizes were small to moderate, they are
clinically relevant, since they reflect an add-on effect to
ECT, which is considered the most effective treatment for
major depression (UK ECT Review Group, 2003).
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Different categories of antidepressants, i.e., TCAs, SSRIs/
SNRIs and MAOIs, showed approximately the same effect
size. Given the previously established evidence of the superior efficacy of TCAs compared to SSRIs in severely
depressed inpatients (Anderson, 2000), we expected to find
TCAs to be more effective than SSRIs and venlafaxine at
doses below 225 mg/day. Insufficient doses of TCAs and
MAOIs in most of the included studies versus adequate
doses of SSRIs and SNRI most likely resulted in underestimated effect sizes for adjuvant treatment with TCAs and
MAOIs. This is supported by the study by Sackeim et al.
(2009), the only study in our meta-analysis in which a TCA
was given at doses that were aimed to achieve therapeutic
plasma levels. This study showed a positive effect of adding
nortriptyline to unilateral or bilateral ECT.

Limitations
The prime limitation of our meta-analysis is that most
included studies are relatively old. Five out of nine studies
were conducted in the sixties before the introduction of
modern techniques for administering ECT (Imlah et al.,
1965; Monaco and Delaplaine, 1964; Muller, 1961; Seager
and Bird, 1962; Wilson et al., 1963). ECT dosage and
waveform have changed over the last decades, and anaesthetics have been introduced. In early studies, the administration of ECT might have been suboptimal, at least in
unilateral ECT. Additionally, the patient population receiving ECT has changed a great deal. ECT used to be a firstline antidepressant treatment, but medication resistance is
currently an important indication for its inclusion. This
may have resulted in an overestimation of the effect of an
adjuvant antidepressant during ECT. On the contrary, in
early studies, the doses of antidepressants were often subtherapeutic. The inclusion of patients with bipolar depression in at least one large study (Sackeim et al., 2009) may
have decreased the efficacy of the adjuvant antidepressants. Six studies investigated adjuvant treatment with a
TCA (Imlah et al., 1965; Kay et al., 1970; Mayur et al.,
2000; Sackeim et al., 2009; Seager and Bird, 1962; Wilson
et al., 1963). Of those, five did not use plasma-level targeted dosing (Imlah et al., 1965; Kay et al., 1970; Mayur
et al., 2000; Seager and Bird, 1962; Wilson et al., 1963). In
three studies, imipramine was given at a dose of 75–
150 mg/day (Imlah et al., 1965; Seager and Bird, 1962;
Wilson et al., 1963), which is insufficient for the large
majority of patients (Birkenhager et al., 2005). Three studies investigated adjuvant treatment with an MAOI (Imlah
et al., 1965; Monaco and Delaplaine, 1964; Muller, 1961).
These studies used low doses of phenelzine (45 mg/day) or
a very low dose of tranylcypromine (20 mg/day). These
subtherapeutic antidepressant doses may have resulted in
an underestimation of the effect of an adjuvant antidepressant during ECT. In eight out of nine RCTs, antidepressants and ECT were started simultaneously. In one study,
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ECT was added to an ongoing treatment with an antidepressant (Mayur et al., 2000). Since there is hardly any
variation regarding this methodological aspect, it probably
has negligible influence on the result.
All studies, except for the study by Sackeim et al. (2009),
were deemed to be of poor to moderate quality. Six out of
nine RCTs were conducted in the sixties and seventies
(Imlah et al., 1965; Kay et al., 1970; Monaco and Delaplaine,
1964; Muller, 1961; Seager and Bird, 1962; Wilson et al.,
1963). At that time, reports on studies were less transparent.
Among other things, these studies lack information on their
study protocol, randomization procedure and allocation
concealment. This makes it difficult to appraise the quality
of these studies and their subsequent results. Despite these
flaws, we found no statistical association between year of
publication and reported add-on effect. Moreover, the same
six RCTs did not report on electrode placement. Due to
insufficient data, it is impossible to make a statement on the
impact of the type of electrode placement on the results.
Another limitation of our meta-analysis is the small
number of included studies and the fact that two of studies
(Imlah et al., 1965; Sackeim et al., 2009) reported on two
categories of adjuvant antidepressants. A larger number of
studies might have provided better evidence. Despite a lack
of significance in almost all individual studies, our metaanalysis shows a homogeneous and positive effect in favour
of an adjuvant antidepressant in all but one study. This indicates an underlying effect of an adjuvant antidepressant on
the efficacy of ECT. Additionally, we found no indication
of publication bias. For future research, a comparison trial
of different types of adjuvant antidepressants during ECT
would be very relevant.

Conclusion
Our results suggest that an adjuvant antidepressant enhances
the efficacy of ECT in patients with major depression.
Although the included studies had some methodological
limitations, effect sizes were consistently small to moderate. We speculate that modern-day controlled trials using
adequately dosed TCAs and MAOIs will most likely result
in larger effect sizes. From a clinical point of view, we prefer an adjuvant TCA to an adjuvant MAOI, since TCAs are
generally safe to use with ECT (American Psychiatric
Association, 2001; Baghai et al., 2006; Naguib and Koorn,
2002; Sackeim et al., 2009), whereas MAOIs warrant precautions during anaesthesia for ECT (Dolenc et al., 2004;
Naguib and Koorn, 2002). Moreover, MAOIs are prescribed far less commonly than TCAs and the use of an
MAOI requires dietary restrictions.
Thus, if ECT is indicated for a patient with major depression, we recommend the routine use of an adequately dosed
adjuvant antidepressant to improve the efficacy of ECT. We
leave the choice between a TCA, an SSRI/SNRI and an
MAOI up to the clinician. Our findings warrant renewed
Australian & New Zealand Journal of Psychiatry, 00(0)
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interest in adjuvant pharmacotherapy during ECT for major
depression.
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