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Abstract

Objective: The risk of relapse following successful antidepressant treatment, including electroconvulsive
therapy (ECT), is substantial. Lithium has been suggested to effectively prevent relapse, yet data remain
limited and inconclusive. We performed a systematic review and meta-analysis to examine the efficacy of
continuation treatment with lithium in preventing relapse following a successful acute course of ECT in
patients with major depression, in comparison to continuation treatment without lithium. We also

assessed the role of several study characteristics, possibly impacting the treatment effect.

Methods: A systematic literature search, using the PubMed, Embase, Web of Science and Cochrane
Library databases (up to June 2020), was conducted for prospective and retrospective studies, including
patients with unipolar or bipolar depression, that assessed the efficacy of lithium for post-ECT depressive

relapse prevention.

Results: Of 2556 records screened, 14 articles reporting on 9748 participants who received continuation
treatment either with (N=1571) or without lithium (N=8177) were included in the meta-analysis. Patients
receiving lithium were less likely to experience depressive relapse after a successful acute course of ECT,
compared to patients receiving post-ECT prophylaxis without lithium (weighted odds ratio (OR)=0.53, 95%
confidence interval (Cl)=0.34, 0.82), with a number needed to treat (NNT) of 7 (95% Cl=4, 21). We found
some limited evidence that older patients may benefit more from continuation treatment with lithium,
compared to younger patients. Using the GRADE criteria, the quality of evidence for our outcome

measure (i.e., relapse rate) was rated as very low.
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Conclusion: Continuation treatment with lithium may have superior efficacy in reducing the risk of relapse
after a successful acute ECT course for major depression, in comparison to continuation treatment

without lithium. High-quality studies are needed to confirm this finding.
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Summations and limitations
Summations

e Continuation treatment with lithium may have superior efficacy in post-ECT depressive relapse
prevention, in comparison to continuation treatment without lithium (OR=0.53, 95% CI=0.34,

0.82) with a NNT of 7 (95% Cl=4, 21).

e When considering lithium to prevent relapse after a successful ECT course for major depression,
psychiatrists should weigh the possible risks against its suggested benefits in a case-by-case

manner.

Limitations
e We were not able to include all seemingly suitable studies since the authors of these studies did
not provide the necessary additional data.
e Using the GRADE criteria, we rated the quality of evidence for our outcome measure (i.e., relapse
rate) as very low, since most studies included were observational, heterogeneity was substantial

and indications for publication bias were found.
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Introduction

Major depressive disorder affects one in six adults in their lifetime and has a considerable burden of
disease!. Despite the widespread use of antidepressant medication, at least 30% of patients do not
achieve remission?. For these ‘difficult-to-treat’ patients, not responding to several augmentation or
combination attempts, electroconvulsive therapy (ECT) has the best empirical evidence!. ECT is also used
when a rapid antidepressant response is required, such as in patients who are either severely depressed,

or highly suicidal, or both3.

In patients who achieve remission after two or more medication treatment steps, 12-month relapse rates
mount up to 50%2. Relapse rates 12 months after a successful course of ECT are similar (51%), with the
first 6-month period encompassing the greatest risk (37%), despite continuation pharmacotherapy or
continuation ECT (C-ECT)* Consequently, continuation treatment has become a central issue in ECT

research.

Lithium, with its unique efficacy in preventing mood episodes>?® alongside well recognized anti-suicidal'®
and neuroprotective!! effects, has entered the ECT field, especially since the randomized controlled trial
of Sackeim et al. in 20012, These authors reported a substantially lower 6-month relapse rate with the
combination of lithium and nortriptyline (39%) compared to placebo (84%) or nortriptyline alone (60%).
Although various other articles have addressed the efficacy of post-ECT prophylaxis with lithium, data
remain limited and inconclusive. Several narrative reviews!*!* suggested that lithium therapy effectively
prevents relapse after an acute ECT course. However, to the best of our knowledge, its efficacy has not

been investigated in a meta-analysis.

Aims of the study

We performed a systematic review and meta-analysis to examine the efficacy of continuation treatment
with lithium in preventing relapse following successful electroconvulsive therapy in patients with major
depression, in comparison to continuation treatment without lithium. In addition, we assessed the role of

several study characteristics, possibly impacting the treatment effect.
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Materials and methods

This systematic review and meta-analysis adhered to the Preferred Reporting Items for Systematic Review

and Meta-Analyses (PRISMA) guidelines?>.

Eligibility criteria
In order to obtain details of original studies reporting on the efficacy of lithium in the prevention of
relapse following successful ECT in patients with major depression, we applied the following eligibility
criteria:
(a) prospective or retrospective studies;
(b) including adults (=18 years of age) diagnosed with unipolar or bipolar depression;
(c) assessing the efficacy of continuation treatment following a successful course of ECT for major
depression;
(d) comparing post-ECT prophylaxis with lithium to prophylaxis without lithium;
(e) including relapse rates enabling the calculation of the effect size (ES) of treatment with versus
without lithium. If necessary, corresponding authors were contacted to obtain additional data.
The International Classification of Diseases (ICD), Diagnostic and Statistical Manual of Mental Disorders
(DSM), Research Diagnostic Criteria (RDC)', Feighner criterial’, as well as clinical judgement were

accepted as diagnostic criteria for major depression.

Data sources and study selection

Two authors (SL and JD) and an experienced biomedical information specialist conducted a systematic
literature search (from 1950 up to June 2020) without language restriction, using the PubMed, Embase,
Web of Science and Cochrane Library databases, linking the search terms ‘depression’, ‘electroconvulsive
therapy’ and ‘lithium’. Full search strategies are available as supplementary material. Duplicates were
removed using EndNote X9 (SL) and Rayyan QCRI (JD). After removing duplicates, titles and abstracts were
screened independently by SL and ID. Articles that were deemed potentially relevant were selected. SL
and JD independently reviewed the full-text of the selected articles and assessed their eligibility. They also
attempted to identify additional studies through a systematic search of the reference lists of selected
articles. To maintain statistical independence of ESs, studies that reported on the same population were

identified.

Data-collection process and data extraction
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When reported results were insufficiently detailed, but the remaining inclusion criteria were fulfilled,
corresponding authors were contacted to provide the necessary data. Three authors (of 6 studies) were
contacted; one provided the necessary data to include 3 studies in the meta-analysis'®2°. Data were
independently extracted from each article by two investigators (SL and JD) to collect the following
information:

(a) study characteristics: publication year, design (prospective versus retrospective, observational
versus interventional), relapse definition (whether or not at least one of the criteria was based on
clinical judgement or a cutoff score on a depression rating scale) and follow-up duration;

(b) characteristics of the study sample: total sample size, proportion female patients, diagnosis
(whether or not patients with bipolar depression were excluded), proportion of patients with
psychotic features and mean age;

(c) continuation therapy: details of treatment in the group with and without lithium and number of
participants in both groups;

(d) outcome measure: relapse rate in both treatment groups.

Quality assessment

Two authors (SL and JD) independently assessed the risk of bias for each randomized study in the
guantitative analysis using the Cochrane Collaboration’s tool for assessing risk of bias (high, unclear or
low)?L. Since blinding is hard to achieve when C-ECT is used in one of the treatment arms, this was not
considered a key domain. The quality of each cohort study was rated using the Newcastle-Ottawa Scale
(NOS)??, with a score of 0-3 indicating low quality, 4-6 moderate quality and 7-9 high quality (i.e., low risk

of bias)?3. Conflicting scores among the reviewers SL and JD were resolved by consensus and discussion.

Statistical analyses

We performed a meta-analysis comparing relapse rates between the group that received continuation
treatment with lithium and the group that received treatment without lithium. The log odds ratio (LOR)
was used as ES and final results were transformed to the odds ratio (OR). In each study, the relapse rate
was computed for both treatment groups and then used to calculate an OR with 95% confidence interval
(Cl). Summary associations were interpreted as statistically significant (i.e., P<0.05) if the 95% Cls did not
include 1 in their range. Since we expected variability among studies (i.e., heterogeneity) in the
participants (e.g., mean age and whether or not patients with bipolar depression were excluded) and the
interventions studied (i.e., the diverse composition of the lithium and the comparator condition)

alongside variability in study design (e.g., follow-up duration), we produced a random-effects model
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implying that the observed variance stems from three sources: variance from subject-level sampling error,
variance from identifiable study characteristics and variance from other systematic random or
unmeasured sources. To formally examine the homogeneity of the ES distribution, we used Cochran’s Q
test. When the null hypothesis for this test is rejected, the ES distribution is not homogeneous, implying
that the variability in the LORs between studies is larger than can be expected on the basis of sampling
error (the error associated with the fact that the estimated LORs are based on different samples of
subjects). Furthermore, we calculated the I? statistic?*, which describes the percentage of the variability in
ESs that is due to heterogeneity rather than sampling error. An I? statistic of 0-40% is interpreted as
heterogeneity that might not be important, 30-60% may represent moderate heterogeneity, 50-90%
substantial heterogeneity and 75-100% considerable heterogeneity. 1> was reported as an estimate of the
between-study variance. In addition, we computed the number needed to treat (NNT) from the results of
the meta-analysis (of ORs), as it can be easily understood as the number of patients that need to be
treated with lithium to prevent depressive relapse in one patient who would not have benefited
otherwise. For this computation, the median of the relapse rates in the group not receiving lithium was
used as assumed control risk?’. We also calculated the relapse percentage for patients receiving
continuation treatment with lithium and for those receiving treatment without lithium, by pooling all the
available data. Furthermore, to explain the heterogeneity among studies, several study characteristics
were incorporated in the random-effects analyses, including mean age, proportion of patients with
psychotic features, diagnosis (whether or not patients with bipolar depression were excluded), whether
or not it was a prospective (versus retrospective) study, whether or not it was an observational (versus
interventional) study, definition of relapse, follow-up duration, and study quality (whether or not the risk

of bias was low).

Publication bias was formally assessed using the arcsine-Thompson test proposed by Ricker et al.?>, with
P<0.05 suggesting the presence of bias. In addition, we created a funnel plot to display the study-specific

effect estimates in relation to the standard error.

The Grading of Recommendations Assessment, Development and Evaluation (GRADE) system was used to
assess the quality of evidence for our outcome measure (i.e., relapse rate) on the basis of the study
limitations (risk of bias), imprecision, inconsistency, indirectness, and publication bias?®?’. The GRADE
approach specifies four levels of quality of evidence: high, moderate, low, and very low. Randomized
controlled trials start as high-quality evidence and observational studies as low-quality evidence. The level

of evidence is downgraded when any of the following criteria are met?2: (a) less than 75% of the included
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studies are at low risk of bias, (b) heterogeneity is significant and the |2 value is greater than 40%, (c) more
than 50% of the participants were outside the target group, (d) fewer than 300 events, and (e) publication

bias is significant.

The data analysis for this paper was generated using SAS software, Version 9.4 of the SAS System for

Windows.

Results

Study selection and study characteristics

Fourteen studies were included in this meta-analysis. The results of the study selection are shown in the
PRISMA flow diagram (Figure 1). Overall, the included studies reported on 9748 participants who received
continuation treatment, either with (N=1571) or without lithium (N=8177), after successful ECT. As Table
1 shows, studies had between 27 and 7350 participants (median=88); women constituted the majority of
all subjects (60.60%, range=50.00, 76.27); 22.70% of the participants had psychotic features (range=17.85,
49.15). The proportion of patients with psychotic features was missing in three studies?®-32, Mean age of
study participants ranged from 51.0 to 69.8 years and was not reported in one study33. Patients with
bipolar depression were excluded in seven studies!?182029-31,3435 sjx studies comprised patients with
unipolar as well as bipolar depression3233363% and one study included patients with bipolar depression
only. Ten of the included studies were prospective!?18-20293034-38 gnd four had a retrospective design in
the continuation phase3!333° Three studies had an interventional design?2°3034 eleven of them were
observational82031-33.3539  |n six studies, at least one of the relapse criteria was based on clinical
judgement or a cutoff score on a depression rating scale'>343%, Follow-up duration ranged from 15 to 58
weeks (median=26) and was not reported in one study33. Two studies involved lithium monotherapy,
either compared to placebo?>3° or tricyclic antidepressant (TCA) monotherapy3!. In three studies, lithium
plus TCA was compared to TCA monotherapy!?3> or C-ECT3*. One study reported relapse rates of patients
using lithium plus antidepressant compared to antidepressant monotherapy, without further specifying
the type of antidepressant. In eight studies, continuation treatment in the group using lithium consisted
of lithium monotherapy or lithium plus either antidepressant(s), or antipsychotic(s), or mood stabilizer(s),

or C-ECT, or a combination1820,32,36-33,

Quality assessment
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One randomized study'? was at low risk of bias, whereas 2 randomized studies?>3* were at unclear risk of
bias. Two cohort studies3'?” received moderate and 9 cohort studies!820:32:33.3536.3839 received high (i.e.,
low risk of bias) scores on the NOS. Overall, 10 of 14 (71.43%) included studies were at low risk of bias.

Results of the quality assessment are available as supplementary material.

Meta-analysis

In total, 14 studies provided relapse data on continuation treatment with and without lithium. We
estimated a random-effects model, assuming that the observed variance is due to subject-level sampling
error and other (unknown) sources of systematic variation. Cochran’s Q test indicated that the
distribution of the LORs was not homogeneous (Q=34.17, df=13, P=0.0011), implying that the variability in
the LORs between studies was larger than can be expected on the basis of sampling error. The |2 statistic
was 62.0% (95% Cl=32.1, 78.7), representing substantial heterogeneity. The forest plot in Figure 2 shows
the distribution of the estimated ORs, together with the weighted OR from the random-effects model.
The estimated weighted OR from the random-effects model was 0.53 (95% Cl=0.34, 0.82, 12=0.1357 (95%
Cl=0.0180, 1.2272)). The NNT was 7 (95% Cl=4, 21). When pooling all results, relapse rates for patients
receiving continuation treatment with lithium versus without lithium were 50.35% and 56.70%,

respectively.

Analyses examining the potential role of several study characteristics to explain systematic differences in
the ES between studies revealed that the mean age of the samples was related to the estimated LOR in
these studies (B=-0.12, 95% CI=-0.20, -0.05, P=0.0050). Figure 4 shows that the OR for relapse was smaller
in studies including subjects with a higher mean age (dashed black line) (the circles in this figure are
proportional to the study’s weight in the analysis with larger studies having more weight). However, after
removal of the study with the highest mean age3?, the association between mean age and OR did not hold
(solid grey line) (B=-0.08, 95% ClI=-0.21, 0.06, P=0.2384). For the other study characteristics, no significant
associations were found: proportion of patients with psychotic features (f=-2.81, 95% Cl=-6.53, 0.90,
P=0.1184), diagnosis (whether or not patients with bipolar depression were excluded) (B=0.52, 95% Cl=-
0.36, 1.40, P=0.2164), design (whether or not the study was prospective (versus retrospective) ($=0.73,
95% ClI=-0.31, 1.76, P=0.1513), or observational (versus interventional) (f=0.37, 95% Cl=-0.74, 1.48,
P=0.4827)), definition of relapse (B=-0.28, 95% Cl=-1.22, 0.65, P=0.5156)), follow-up duration (B=-0.01,
95% ClI=-0.04, 0.03, P=0.5935), and study quality (whether or not the risk of bias was low (B=-0.47, 95%
Cl=-1.49, 0.55, P=0.3374)). These analyses were performed for each study characteristic separately. Due

to missing data for a number of study characteristics, an analysis including all study characteristics
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simultaneously was not feasible. The forest plots showing the distribution of the estimated ORs, together
with the weighted OR per subgroup (i.e., definition of relapse, diagnosis, design and study quality) from
the random-effects model are available as supplementary material. We found no association between

these study characteristics and the size of the effect based on visual inspection of the plots.

From the funnel plot in Figure 3 it is apparent that in the left bottom corner of the graph there are
somewhat more studies compared to the right bottom corner, indicating that small studies showing a
favorable treatment effect were more likely to be published. In addition, the arcsine-Thompson test for
funnel plot asymmetry was significant (t(12)=-3.32, P=0.0062), suggesting the presence of publication

bias.

Using the GRADE criteria, we rated the quality of evidence for our outcome measure (i.e., relapse rate) as
very low. Since 11 of 14 studies included were observational, we started with a low rating. Next, the level
of evidence was downgraded because less than 75% of the included studies were at low risk of bias,

heterogeneity was significant and the 1% value was greater than 40%, and publication bias was significant.

Discussion

Our results show that, after a successful acute course of ECT for major depression, continuation
treatment with lithium yielded significantly lower relapse rates, compared to a continuation treatment
without lithium. Post-ECT prophylaxis with lithium had a weighted OR of 0.53 (95% CI=0.34, 0.82),
corresponding to a small to medium effect®C. This effect size is consistent with those of meta-analyses on
lithium treatment for depressive relapse prevention in non-ECT treated samples, both in bipolar disorder
and major depressive disorder. In patients with bipolar disorder, the meta-analysis of Severus et al.®
showed that lithium was more effective than placebo in preventing depressive episodes. The authors
reported a weighted relative risk of 0.73 (95% CI=0.60, 0.88), indicating a small to medium effect*®. A
recent meta-analysis of 21 randomized controlled trials comparing continuation treatment with lithium to
a treatment without lithium (lithium versus placebo (N=7), lithium augmentation versus antidepressant
monotherapy (N=9), or lithium versus antidepressant monotherapy (N=5)) in patients with major
depressive disorder yielded a weighted OR of 2.80 (95% Cl=1.59, 4.92) (also representing a small to

medium effect size) favoring continuation treatment that included lithium?®.
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The NNT was 7 (95% Cl=4, 21), a clinically relevant effect in this ‘difficult-to-treat’ population. This NNT is
substantially lower than the NNT of 16 (95% Cl=10, 38) reported in the large-scale population-based
register study on the effect of lithium on post-ECT relapse risk in patients with unipolar depression by
Brus et al.?. As relapse was defined as readmission in the latter study, one could therefore hypothesize
that lithium is less effective in the prevention of more severe depressive relapse, i.e., relapse
necessitating hospitalization. In our meta-analysis, however, the way relapse was defined (whether or not
at least one of the criteria was based on clinical judgement or a cutoff score on a depression rating scale)
was not associated with the size of the effect. Moreover, the study by Brus et al.?%, like the study by
Popiolek et al.’?, another large-scale population-based register study, was prospective and observational,
and thus reflective of clinical practice. Since both studies showed only a modest effect of lithium (see
Figure 2) and accounted for the vast majority of participants included in our analyses, one could argue
that the protective effect of lithium may not be realized in daily medical care. However, in our meta-
analysis, the study design (whether or not the study was prospective (versus retrospective) or

observational (versus interventional)) was not associated with the size of the effect.

Despite the significant protective effect of lithium, still half of the patients who received continuation
treatment with lithium relapsed, meaning that relapse rates after successful ECT, even with lithium,
remain high. Nevertheless, lithium can serve as a crucial component of continuation treatment after a
successful acute course of ECT for major depression. In this light, the combination of continuation
pharmacotherapy (including lithium) and C-ECT is an interesting treatment modality for post-ECT
depressive relapse prevention. In a recently conducted meta-analysis of 4 randomized controlled trials of
C-ECT with concomitant pharmacotherapy for the prevention of relapse after successful ECT, this strategy
had superior efficacy compared to pharmacotherapy alone*!. The largest and most recent trial that was
included is the Prolonging Remission in Depressed Elderly (PRIDE) study*?, in which older adults were
randomized to receive either pharmacotherapy alone (venlafaxine plus lithium), or pharmacotherapy plus
flexible C-ECT. At 6-month follow-up, 20.3% and 13.1% of patients had relapsed, respectively. In
considering the concomitant use of lithium and ECT, the possible risks should be weighed against its
suggested benefits in depressive relapse prevention in a case-by-case manner. Although there are reports
of patients receiving the combination of lithium and ECT without any problems*3#4, lithium may induce
adverse effects, such as cognitive side effects®® and neurological abnormalities*®. Close monitoring for
signs of adverse effects is therefore necessary. Moreover, it has been suggested to use a low dose of

lithium and hold it for at least 24 hours before each ECT session®>.
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Although our meta-analysis supports the use of lithium in the prevention of relapse following successful
ECT for major depression, and positive effects on relapse rates are equally seen with lithium in
combination with C-ECT, it seems that only a minority of patients in clinical practice receive lithium for
prophylaxis after ECT. According to the population-based study of Brus et al.?° only 9% (638 out of 7350)
of patients with unipolar depression received post-ECT prophylaxis that included lithium. Concerns about
the side effects of lithium have discouraged its prescription. However, lithium is generally well tolerated
with few long-term adverse effects*’. Furthermore, regular monitoring of plasma levels is often regarded
as an inconvenience. This should, however, be considered an asset, since it enables accurate review of the
efficacy of lithium, along with any potential tolerability issues. Should the possible risks of lithium therapy
outweigh the benefits, other post-ECT relapse prevention strategies can be considered. In these

circumstances, continuation pharmacotherapy with a TCA has the largest evidence base*.

Analyses examining the potential role of several study characteristics to explain systematic differences in
the treatment effect between studies revealed that the protective effect of lithium was stronger in
studies that included patients with a higher mean age, especially in the study with the highest mean age
(69.8 years). This finding could be related to the fact that the prophylactic effect of lithium has been
suggested to be stronger in melancholic depression?®®, and that melancholic depression is more common
in older adults*. However, the finding of an age-related protective effect of lithium in post-ECT depressive
relapse prevention in our study has to be interpreted with caution, since the association between mean
age and treatment effect did not hold after removal of the study with the highest mean age. Whether or
not patients with bipolar depression were excluded did not impact the efficacy of lithium in depressive
relapse prevention. This is in agreement with the above-mentioned findings of a similar prophylactic
effect of lithium in major depressive disorder and bipolar disorder. Although all included studies used
relapse as the main outcome measure, it was defined in different ways. While some studies used marked
clinical deterioration (evaluated by clinical judgement or by using a standardized rating scale) or need to
change antidepressant medication to determine relapse, others used hospitalization (as it was difficult to
identify relapses from charts). Although hospitalization is a robust marker of relapse, some patients may
experience depressive relapse without requiring hospitalization. This means that the relapse rates (even
with lithium) of the studies included in this meta-analysis might have been higher if more data had been
based on symptomatic worsening. However, in our analyses, the way relapse was defined was not

associated with the size of the effect.
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Limitations

The current findings should be placed within the context of the following limitations. First, 3 seemingly
suitable studies could not be included since the authors of these studies did not provide the necessary
additional data. Omori et al. included 255 patients with unipolar or bipolar depression, schizophrenia, or
schizoaffective disorder in a retrospective study and found the use of lithium to be a significant preventive
measure against relapse after successful ECT®C. In an earlier retrospective study by this group, 100
patients with unipolar or bipolar depression were included. Patients treated with lithium following
successful ECT had a lower tendency to relapse, but this tendency was not statistically significant®l. And in
the naturalistic follow-up phase of a study by Sackeim et al.,, the protective effect of post-ECT
continuation pharmacotherapy with a TCA plus lithium (compared to all other strategies) was not

established>2.

Second, we would like to point out that we did not only use data from studies that were designed
specifically to look at the protective effect of post-ECT prophylaxis with lithium. Part of the data were
extracted from studies with a different aim. Although this is certainly an advantage from the perspective
of avoiding publication bias, this is an extra source of between-study variation as different populations
were studied, and various study designs and definitions of relapse were used. To assess their impact on
the differences in treatment effect across studies, we included these study characteristics in our analyses.
Unfortunately, not all possible confounders to the treatment effect of lithium, such as the proportion of
patients with medication resistance, the severity of depressive symptoms at the start of continuation
treatment, whether lithium was started during the acute ECT course or after completion and lithium

plasma levels, could be included due to the large number of missing values.

Third, it should be noted that the findings of this study are restricted to continuation treatment either
with or without lithium, irrespective of other relapse prevention strategies used. Since in the majority of
studies continuation treatment details were not available, assessment of the specific effect of adding
lithium to other prophylactic treatments (e.g., antidepressant(s) and C-ECT) was not possible.
Nevertheless, our findings seem to imply that lithium itself is a potent prophylactic regardless of possible

concomitant treatments, since the comparator group consisted of established relapse prevention
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strategies in all but one study. In this light, a large-scale population-based register study on the effect of
pharmacological treatments on relapse risk in patients with unipolar depression observed the greatest

risk reductions for lithium when used without a concomitant antidepressant>3.

Fourth, a potential source of bias in any meta-analysis is an inability to retrieve a comprehensive sample
of studies. Our rigorous search and the fact that we contacted a number of authors for additional data
contributed to a large sample and a more complete analysis of studies. Nevertheless, we did find
indications for publication bias based on a funnel plot and Ricker’s arcsine-Thompson test, i.e., that

studies with a smaller sample size reported higher ESs than studies with a larger sample.

Fifth, using the GRADE criteria, we rated the quality of evidence for our outcome measure (i.e., relapse
rate) as very low, meaning that the true effect is likely to be substantially different from the estimated
effect. It should, however, be noted that the three largest studies included in the quantitative synthesis®
20 (reporting on 9100 of the 9748 participants) generated high-quality data (NOS score=9) and provided
support for the protective effect of lithium, albeit modest. In addition, study quality (whether or not the
risk of bias was low) was not associated with the size of the effect in our meta-analysis. Nevertheless,
future high-quality studies are needed to confirm our findings. Furthermore, we should remain aware of
the fact that we are dealing with a ‘difficult-to-treat’ population that is prone to relapse, together with the

finding that lithium is generally well tolerated with few long-term adverse effects*’.

Sixth, ecological bias, i.e., the issue of aggregating participants’ results, should be considered when using
meta-regression®*. This has to do with the fact that both the proportion of patients with psychotic
features and follow-up duration might vary substantially within studies, but can only be summarized at
the level of the study. Consequently, although we found no significant association between these
characteristics and OR, both study characteristics might yet have effects on how well post-ECT prophylaxis
with lithium works. In addition, it should be noted that a small number of studies was included in the
subgroup and meta-regression analyses. Therefore, the failure to find a statistically significant association
could mean that the effect (if any) is quite small, but could also mean that the analysis had poor power to

detect even a large effect. However, visual inspection of the forest plots showing the distribution of the
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estimated ORs, together with the weighted OR per subgroup (available as supplementary material), did

not show evidence for an association between these study characteristics and the size of the effect.

Finally, one should be aware of the possibility of confounding by indication when interpreting the results
of observational studies. If patients using lithium are more severely ill or have had more depressive
episodes in the past, the protective effect of lithium will seem smaller. In fact, in the largest study
included in this meta-analysis, the effect of lithium was not statistically significant in the unadjusted
model, whereas it was larger and statistically significant in the adjusted model?°. Therefore, since we did
not adjust for possible confounders, the effect of lithium may have been underestimated in this meta-

analysis.

In conclusion, this meta-analysis suggests that continuation treatment that includes lithium has superior
efficacy in reducing the risk of relapse after successful ECT for major depression, compared to
continuation treatment without lithium. High-quality studies are needed to confirm our findings. When
considering the use of lithium, psychiatrists should weigh the possible risks against its suggested benefits

in post-ECT depressive relapse prevention in a case-by-case manner.
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Table 1. Overview of characteristics of studies included in the meta-analysis

First author | Sample Proportion Proportion Mean Bipolar Number  of | Treatment in | Treatment in | Designl Design Il Relapse Follow- OR Study
(publication sizeF female§ with age depression participantsin | lithium group comparator group definition up (95% quality/Risk
year) psychotic (years)§ excluded analyzed duration Cl) of biast#
features§ sampleq (weeks)
Perry (1979) 54 0.57 NR* 51.0 Yes 54 Lithium TCA Retrospective | Observational No 26 0.96 Moderate
(0.24, quality
3.82)
Coppen 38 0.63 NR* 55.0 Yes 38 Lithium Placebo Prospective Interventional | No 15 0.86 Unclear risk
(1981) (0.19, | of bias
3.85)
Sackeim 80 0.61 0.36 57.1 No 45 Lithium Antidepressant(s), Prospective Observational Yes 52 0.32 High quality
(2000) monotherapy or | antipsychotic(s), mood (0.09,
in stabilizer(s) or C-ECT, 1.10)
combinationtt or a combination
Sackeim 84 0.67 0.42 57.4 Yes 48 Lithium plus Nortriptyline Prospective Interventional | Yes 24 0.43 Low risk of
(2001) nortriptyline (0.13, bias
1.36)
Birkenhager 59 0.76 0.49 56.5 Yes 44 Lithium plus | Imipramine or | Prospective Observational Yes 17 0.15 High quality
(2005) imipramine  or | nortriptyline (0.02,
nortriptyline 1.33)
Kellner (2006) 184 0.68 0.36 57.2 Yes 148 Lithium plus | C-ECT Prospective Interventional | Yes 24 0.85 Unclear risk
nortriptyline (0.44, of bias
1.63)




Rehor (2009) 92 0.58 0.22 54.6 No 48 Lithium Antidepressant(s), Prospective Observational | Yes 26 0.40 Moderate
monotherapy or | antipsychotic(s), mood (0.12, quality
in stabilizer(s) or C-ECT, 1.32)
combinationtt or a combination
Moksnes 120 0.73 0.46 NRT No 38 Lithium plus | Antidepressant Retrospective | Observational No NRt 0.18 High quality
(2011) antidepressant (0.03,
1.03)
Nordenskjold 486 0.57 0.20 55.0 Yes 479 Lithium Antidepressant(s), Prospective Observational No 58 0.45 High quality
(2011) monotherapy or | antipsychotic(s), mood (0.23,
in stabilizer(s) or C-ECT, 0.89)
combinationtt or a combination
Nordenskjold 56 0.50 0.38 57.0 No 56 Lithium Antidepressant(s), Prospective Observational Yes 52 0.37 High quality
(2013) monotherapy or | antipsychotic(s), mood (0.12,
in stabilizer(s) or C-ECT, 1.09)
combinationtt or a combination
Atiku (2015) 102 0.74 NRT 69.8 No 102 Lithium Antidepressant(s), Retrospective | Observational No 26 0.08 High quality
monotherapy or | antipsychotic(s), mood (0.03,
in stabilizer(s) or C-ECT, 0.26)
combinationtt or a combination
Uchida (2016) 27 0.70 0.41 62.7 No 27 Lithium Antidepressant(s), Retrospective | Observational No 26 1.25 High quality
monotherapy or | antipsychotic(s), mood (0.18,
in stabilizer(s) or C-ECT, 8.73)
combinationtt or a combination
Popiolek 1255 0.66 0.18 52.2 No 1255 Lithium Antidepressant(s), Prospective Observational No 26 0.87 High quality
(2018) monotherapy or | antipsychotic(s), mood (0.70,

1.09)




in

combinationtt

stabilizer(s) or C-ECT,

or a combination

Brus (2019) 7350 0.59

0.23

54.1

7366

Lithium
monotherapy or
in

combinationtt

Antidepressant(s),
antipsychotic(s), mood
stabilizer(s) or C-ECT,

or a combination

Prospective

Observational

No

35

0.96
(0.82,

1.14)

High quality

Numbers, proportions and means of the sample extracted from additional data were used. Therefore, values in the table may not match the values in the

original papers. TCA: tricyclic antidepressant; C-ECT: continuation electroconvulsive therapy; Design |: prospective or retrospective; Design Il: observational or

interventional; Definition: whether or not at least one of the criteria was based on clinical judgement or a cutoff score on a depression rating scale; OR (95%

Cl): odds ratio (treatment with lithium versus treatment without lithium) and 95% confidence interval.

tValues were not reported (NR) and could not be retrieved by contacting the corresponding authors.

fTotal sample size of the original study.

§Values were based on the total sample size of the original study.

fiINumber of participants included in the analysis on the effect of continuation treatment with lithium.

ttLithium plus either antidepressant(s), antipsychotic(s), mood stabilizer(s), or C-ECT, or a combination.

$1The Cochrane Collaboration’s tool was used to assess the risk of bias (low, unclear or high) in randomized studies. The Newcastle-Ottawa Scale (NOS) was

used to assess the quality (high, moderate or low) in cohort studies.



Figure legends

Figure 1. Flow diagram of the study selection process

Figure 2. Forest plot of the distribution of the estimated odds ratios, together with the weighted odds ratio
from the random-effects model
OR: odds ratio (treatment with lithium versus treatment without lithium); 95% Cl: 95% confidence

interval.

Figure 3. Funnel plot of studies included in the meta-analysis

Figure 4. Odds ratio for depressive relapse per study according to the mean age of the included subjects

The circles in this figure are proportional to the study’s weight in the meta-analysis with larger studies

having more weight.
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