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A B S T R A C T

Treatment-resistant schizophrenia (TRS) is common and debilitating. A subgroup of patients even has clozapine-
resistant schizophrenia (CRS). We aimed to evaluate the efficacy and safety of electroconvulsive therapy (ECT)
augmentation of clozapine for CRS. Systematic literature search of randomized controlled trials (RCTs) reporting
on ECT augmentation of clozapine in CRS. Co-primary outcomes included symptomatic improvement at post-
ECT assessment and study endpoint. Eighteen RCTs (n=1769) with 20 active treatment arms were identified
and meta-analyzed. Adjunctive ECT was superior to clozapine regarding symptomatic improvement at post-ECT
assessment (Standardized Mean Difference (SMD)= -0.88, 95% Confidence Interval (CI): −1.33 to −0.44;
I2= 86%, P= 0.0001) and endpoint assessment (SMD: −1.44, 95%CI: −2.05 to −0.84; I2= 95%,
P < 0.00001), separating as early as week 1–2 (SMD=−0.54, 95%CI: −0.88 to−0.20; I2= 77%, P=0.002).
Adjunctive ECT was also superior regarding study-defined response at post-ECT assessment (53.6% vs. 25.4%,
Risk Ratio (RR)= 1.94, 95%CI: 1.59–2.36; I2= 0%, P < 0.00001, number-needed-to-treat (NNT)= 3, 95%CI:
3–5) and endpoint assessment (67.7% vs. 41.4%, RR=1.66, 95%CI: 1.38–1.99; I2= 47%, P < 0.00001,
NNT=4, 95%CI: 3–8), and remission at post-ECT assessment (13.3% vs. 3.7%, RR=3.28, 95%CI: 1.80–5.99;
I2= 0%, P=0.0001, NNT=13, 95%CI: 6–100) and endpoint assessment (23.6% vs. 13.3%, RR=1.80, 95%CI:
1.39 to 2.35; I2= 5%, P < 0.0001, NNT=14, 95%CI: 6–50). Patient-reported memory impairment (24.2% vs.
0%; RR=16.10 (95%CI: 4.53–57.26); I2= 0%, P < 0.0001, number-needed-to-harm (NNH)=4, 95%CI:
2–14) and headache (14.5% vs 1.6%; RR=4.03 (95%CI: 1.54–10.56); I2= 0%, P=0.005, NNH=8, 95%CI:
4–50) occurred more frequently with adjunctive ECT. No significant group differences were found regarding
discontinuation and other adverse effects. Despite increased frequency of self-reported memory impairment and
headache, ECT augmentation of clozapine is a highly effective and relatively safe treatment for CRS.
Registration number: CRD42018089959

1. Introduction

Schizophrenia is a severe and chronic psychiatric illness that is
characterized by positive, negative and cognitive symptoms. Depending

on the definition, setting and population, approximately 30% and up to
70% of patients with schizophrenia are resistant to first-line anti-
psychotic treatments (Howes et al., 2017).

Clozapine, an atypical antipsychotic, is the treatment of choice for
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treatment-resistant schizophrenia (TRS) (Attard and Taylor, 2012; Kane
et al., 1988; Lewis et al., 2006; McEvoy et al., 2006; Samara et al., 2016;
Siskind et al., 2017). Clozapine is superior to other antipsychotics in
terms of symptomatic improvement, less hospitalization and mortality
risk, as well as improved social functioning (Meltzer, 1992; Meltzer and
Okayli, 1995; Taipale et al., 2017; Vermeulen et al., 2018). A network
meta-analysis of randomized clinical trials (RCTs) in non-treatment-
resistant schizophrenia (Leucht et al., 2013) supported the greater ef-
ficacy of clozapine over other antipsychotics in schizophrenia. How-
ever, meta-analytic evidence from RCTs in treatment-resistant samples
was more mixed (Siskind et al., 2016; Samara et al., 2016), yet,
methodological issues, inclusion of non-refractory patients and low
clozapine doses may account for these inconsistent findings (Kane and
Correll, 2016). Nevertheless, a review of effectiveness trials (Attard and
Taylor, 2012) and other national database studies (Taipale et al., 2017;
Tiihonen et al., 2009, 2011, 2017) confirmed the superior effectiveness
of clozapine in schizophrenia. However, despite its superior efficacy,
only a small number of patients receive clozapine, and only 30%–60%
of patients with TRS benefit from clozapine monotherapy (Havaki-
Kontaxaki et al., 2006; Kane et al., 1988; Meltzer et al., 1989), con-
verging on 40% in a recent meta-analysis (Siskind et al., 2017). Un-
fortunately, despite superior efficacy and effectiveness of clozapine in
TRS (Siskind et al., 2017), it remains underutilized (Bachmann et al.,
2017). Clozapine is associated with certain severe adverse events, such
as neutropenia, agranulocytosis, and increased mortality rate, which
limits its wide use, although most of these adverse effects are mon-
itorable and addressable (Nielsen et al., 2013). Moreover, clozapine
requires routine hematologic monitoring in clinical practice (Nielsen
et al., 2016), which can further detract from its use (Remington et al.,
2016). Although a number of pharmacologic augmentation strategies
including antipsychotics (such as amisulpride), antidepressants (such as
mirtazapine), mood stabilizers (such as lamotrigine) and other agents
(such as fatty acid supplement and glutamatergic agents) have been
tried in patients with clozapine-resistant schizophrenia (CRS) (Porcelli
et al., 2012; Sommer et al., 2012; Taylor et al., 2012; Veerman et al.,
2014), none has sufficient meta-analytic evidence to be uniformly en-
dorsed (Correll et al., 2017; Veerman et al., 2017).

Electroconvulsive therapy (ECT) has been used for more than 70
years in the treatment of a variety of psychiatric disorders, including
mood disorders and schizophrenia (Weiner, 2008). However, one ear-
lier meta-analysis with very limited data compared the effect of ECT
monotherapy (studies= 10, n=443) and augmentation treatment
(acute treatment studies= 1, n=40) with antipsychotic monotherapy
in schizophrenia, finding inconclusive results (Tharyan and Adams,
2005). A more recent meta-analysis focused on non-clozapine TRS and
found superior efficacy of ECT augmentation vs continued anti-
psychotic treatment (Zheng et al., 2017). Nevertheless, ECT combina-
tion with clozapine may also be an effective treatment for CRS (Kho
et al., 2004). This possibility is suggested by a number of case reports
(Bhatia et al., 1998; Biedermann et al., 2011; Gerretsen et al., 2011;
Husni et al., 1999; Safferman and Munne, 1992), cases series (Benatov
et al., 1996; Kales et al., 1999; Kurian et al., 2005), and several recent
meta-analytic reviews (Ahmed et al., 2017; Lally et al., 2016) that
mixed ECT augmentation of non-clozapine and clozapine-resistant
schizophrenia together (Wang et al., 2015).

ECT has been widely used for TRS in China, and it is one of the most
commonly used therapeutic strategies for the treatment of CRS (Zhang
et al., 2010). A number of RCTs of ECT augmentation of clozapine
versus clozapine monotherapy for TRS have been conducted in China
(Cai et al., 2008; Du et al., 2011; Liu, 2013; Lou et al., 2013; Miyamoto
et al., 2015; Wan et al., 2009; Wang et al., 2011; Xiang et al., 2017;
Xiong and Liu, 2015; Yang et al., 2005; Yu et al., 2015; Zeng and Liao,
2010; Zhang et al., 2010, 2011; Zhao et al., 2012).

While a number of Chinese RCTs have found the ECT-clozapine
combination to be superior to clozapine monotherapy for TRS (Chen,
2012; Du et al., 2011; Liu, 2013; Lou et al., 2013), non-Chinese studies

have been limited largely to either case reports (Benatov et al., 1996;
Bhatia et al., 1998; Biedermann et al., 2011; Gerretsen et al., 2011;
Husni et al., 1999; Kales et al., 1999; Kurian et al., 2005; Masiar and
Johns, 1991; Safferman and Munne, 1992), one open-label trial (Kho
et al., 2004), while only two non-Chinese RCTs exist (Masoudzadeh and
Khalilian, 2007; Petrides et al., 2015), both with small sample sizes. So
far, there have been few reviews evaluating the efficacy and safety of
ECT combined with clozapine in patients with TRS (Havaki-Kontaxaki
et al., 2006; Kales et al., 1999; Lally et al., 2016; Porcelli et al., 2012)
and data on the efficacy and safety of ECT combination with clozapine
for TRS are still limited. Recent RCTs of ECT-clozapine combination for
TRS published in Chinese are generally not accessible to the interna-
tional readership and have not been included in prior meta-analytic
reviews (Ahmed et al., 2017; Lally et al., 2016), except few ones
(Kittsteiner Manubens et al., 2016).

We conducted a meta-analysis to comprehensively assess the effi-
cacy and safety of electroconvulsive therapy augmentation of clozapine
for clozapine-resistant schizophrenia. We hypothesized that based on
data in treatment-resistant schizophrenia not resistant to clozapine
(Zheng et al., 2017), augmentation of clozapine with ECT would be
superior to continued clozapine treatment, being also sufficiently tol-
erable and safe.

2. Methods

2.1. Types of studies

Only published RCTs which reported the efficacy and/or safety of
ECT added to clozapine for TRS were eligible for inclusion in this meta-
analysis. Case series, retrospective studies, open-label prospective trials,
RCT (Masoudzadeh and Khalilian, 2007) without meta-analyzable data,
meta-analyses and systematic reviews were excluded.

2.2. Outcome measures

We recorded clinical outcomes based on intent to treat (ITT) ana-
lysis (preferred) or last-observation-carried-forward (LOCF) data. The
co-primary outcome measures were total psychopathology at post-ECT
and endpoint assessments measured using a standardized and detailed
rating scale, such as the Positive and Negative Syndrome Scale (PANSS)
(Kay et al., 1987), or Brief Psychiatric Rating Scale (BPRS) (Overall and
Beller, 1984). Key secondary outcomes included 1) early symptomatic
improvement (at 1–2 weeks), 2) study-defined response at post-ECT and
endpoint assessments, 3) study-defined remission (using the definitions
by authors of included studies) at post-ECT and endpoint assessments,
4) specific response (≥50% reduction in total PANSS or BPRS) and
remission (≥75% reduction in total PANSS or BPRS) at post-ECT
treatment and endpoint assessments, 5) positive, negative, or general
symptom scores assessed by PANSS or BPRS or the total scores of the
Scale for the Assessment of Positive Symptoms (SAPS) (Andreasen,
1984) and/or the Scale for the Assessment of Negative Symptoms
(SANS) (Andreasen, 1983) at post-ECT treatment and endpoint assess-
ment, 6) patient-reported adverse events, 7) neurocognitive func-
tioning, and 8) treatment discontinuation. In some studies, patients
were not followed up after the last ECT treatment. In order not to mix
post-ECT and endpoint assessments, treatment efficacy at endpoint as-
sessments was calculated only based on studies with ≥1 additional
post-ECT follow-up visit.

2.3. Search

PubMed, PsycINFO, Cochrane Library databases and Chinese data-
bases (Chinese Biomedical database (CBM), China Journal Net and
WanFang database) were searched. The search included all studies
published in English and Chinese language until December 24, 2017.
The keywords used for the searches included: (Clozapine OR Clozaril)

G. Wang et al. Journal of Psychiatric Research 105 (2018) 23–32

24



AND ((Electric Convulsive Therap* OR Therap*, Electric Convulsive)
OR Electroshock Therap* OR Convulsive Therap*, Electric OR
Electroconvulsive Therap* OR Therap*, Electroconvulsive OR Electric
Shock Therap* OR Shock Therap*, Electric OR Therap*, Electric Shock
OR Therap*, Electroshock) AND (Schizophrenic Disorder OR Disorder,
Schizophrenic OR Schizophrenic Disorders OR Schizophrenia OR
Dementia Praecox). The search was supplemented by using the “related
article” function. We also manually searched bibliographies of pertinent
RCTs, meta-analyses and systematic reviews for additional studies.

2.4. Data extraction

Three authors (WZ, S-BW and X-BL) independently conducted the
literature search and extracted the data for all outcome measures listed
above. Thereafter, one author (Y-TX) checked the data again. Any
disagreement was resolved through discussion and consensus. Data
were extracted into simple, standardized forms. Data presented only in
graphs and figures were extracted whenever possible, but included only
if the three authors independently came to the same conclusion.
Authors were contacted to obtain missing information or clarification.
If case of multicenter studies, whenever possible, data were extracted
separately for each center (Higgins and Green, 2008).

2.5. Assessment of the methodological quality of RCTs

The methodological quality of RCTs was assessed using both the
Cochrane risk of bias-version 1.0 and the Jadad scale that ranges from 0
to 5 (Jadad et al., 1996). Furthermore, the grading of recommendations
assessment, development, and evaluation (GRADE) system was em-
ployed to rate the quality of evidence and the strength of re-
commendations of the meta-analytic outcomes as recommended by the
Cochrane Collaboration (Atkins et al., 2004; Balshem et al., 2011).

2.6. Statistical methods

The meta-analysis was performed according to the recommenda-
tions of the Cochrane Collaboration, using the Review Manager Version
5.3 software and Comprehensive Meta-analysis Version 2 software. For
meta-analytic pooling of continuous outcomes, the Inverse-Variance
method was used and standardized mean differences (SMDs) with their
95% confidence intervals (CIs) are reported. Summary statistics of di-
chotomous outcomes are presented as risk ratio (RR)±95%CIs using
the Mantel-Haenszel test. When RRs were significant, we calculated the
number-needed-to-treat (NNT) or number-needed-to-harm (NNH) by
dividing 1 by the risk difference. The I2 method was used to assess
statistical heterogeneity. All statistical differences were considered
significant when P < 0.05.

When combining studies for the meta-analysis, a random effects
model was used in all cases. In case of I2≥ 50% for the effect of ECT
augmentation of clozapine on symptomatic improvement at post-ECT
assessment or endpoint assessment, we conducted a sensitivity analysis,
repeating the analyses for each of the respective efficacy endpoints
and/or time points after removing 2 and 4 studies (depending on the
outcome), which had an outlying effect size of SMD->1.5 (Wan et al.,
2009; Xia, 2016; Xiong and Liu, 2015; Yang et al., 2005; Yu et al., 2015;
Zhang et al., 2010), respectively. Furthermore, we conducted 9 sub-
group analyses, in order to identify potential moderators or mediators
of the effect on symptomatic improvement at post-ECT assessment and
endpoint assessment. These subgroup and sensitivity analysis included:
(1) Chinese studies vs. non-Chinese studies; (2) rater-masked vs. non-
blinded studies; (3) studies describing randomization details vs. those
not describing randomization details; (4) patients with failure to ≥2
antipsychotics (APs) vs. failure to ≥3 APs; (5) study duration of 8
weeks vs. 12 weeks; (6) mean number of ECT treatments< 9 ECTs vs.
≥9 (since the number of ECT treatments was reported inconsistently
(range, minimum number, fixed number, etc), we used the median split

of the number of recommended ECT treatments per the ECT guidelines
for adults in China, i.e., 6 to 12 sessions) (Chen, 2009); (7) mixed
models or LOCF vs. observed cases analysis, (8) male predominance
(> 60% male) vs. male proportion ≤60%; and (9)bilateral vs. uni-
lateral electrode placement.

Moreover, two studies (Wan et al., 2009; Yu et al., 2015) included
three study arms. We compared each of the 2 active co-treatment arms
with the control group separately by including the clozapine mono-
therapy condition twice in the analysis, but assigning half of the total
patients of the clozapine monotherapy group randomized to each clo-
zapine arm in order to not inflate the number of monotherapy patients.

Furthermore, using Comprehensive Meta-Analysis Version 2
(Biostat, http://www.meta-analysis.com), we conducted meta-regres-
sion analyses to test the potential effect of 1) sample size; 2) trial
duration; 3) mean patient age; 4) percent of males; 5) illness duration;
6) clozapine dose of ECT-clozapine combination; 7) number of ECT
treatment session; 8) study quality score (Jadad score); and 9) baseline
PANSS total score or converted PANSS total score from BPRS total score
using an established conversion scheme (Lally et al., 2016). Subgroup
and meta-regression analyses were not performed for study-defined
response and remission at post-ECT assessment and endpoint assess-
ment, as the heterogeneity was small (I2= 0%–34%).

Finally, publication bias was assessed for the primary outcome using
funnel plots, Egger's test (Egger et al., 1997). Furthermore, we used
Rosenthal's fail-safe method (Ferentinos and Kontaxakis, 2003) to es-
timates the number of studies needed to change the findings to meet or
not meet the alpha of 0.05.

3. Results

3.1. Search results

The search yielded 460 potentially relevant articles, of which 254
articles were in English and 206 articles were in Chinese. Of the 410
studies, 18 RCTs (Cai et al., 2008; Chen, 2012; Du et al., 2011; Liu,
2013; Liu et al., 2015; Lou et al., 2013; Petrides et al., 2015; Wan et al.,
2009; Wang et al., 2011; Xia, 2016; Xiong and Liu, 2015; Yang et al.,
2005; Yu et al., 2015; Zeng and Liao, 2010; Zhang, 2017; Zhang et al.,
2010, 2011; Zhao et al., 2012) with 20 active treatment arms met study
entry criteria and were included for analyses (for details, see Fig. S1).

3.2. Study characteristics

Eighteen RCTs with 20 active treatment arms (n=1769) had a
mean sample size of 88.5 ± 41.7 (range=39–246, median=79)
patients, and lasted 9.2 ± 2.6 (range= 4–12, median= 8) weeks
(Table S1). Seventeen RCTs were conducted in China, and one in the
USA. All participants had a diagnosis of TRS and resistance definitions
included failure of treatment with≥2 APs (4 RCTs),≥3 APs (11 RCTs),
or non-specific definition (3 RCTs). In studies with available
information, participants were 38.2 ± 5.2 (range=26.5–48.8,
median= 37.8) years old, and 55.0 ± 8.6% were male. Clozapine
dosages ranged from 50 to 800mg/day (median= 355mg/day) in the
clozapine monotherapy group. Moreover, clozapine dosages ranged
from 50 to 700mg/day (median=337.5 mg/day) in the ECT-clozapine
group. ECT treatment sessions ranged from 6 to 24 (median=10.8).

3.3. Quality assessment

While the literature search yielded 18 RCTs with meta-analyzable
data on ECT augmentation of clozapine for TRS (Table S1), only 3 RCTs
(16.7%) described an adequate method of random sequence generation,
whereas 13 RCTs (72.2%) only mentioned “random” assignment
without any further, specific description. None of the studies detailed
whether allocation concealment was implemented or whether there
was a high risk for not blinding patients (i.e. not using sham ECT). Only
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one RCT used masked assessors, while blinding of the assessments was
rated as high risk in the other RCTs. Only 4 studies (25.0%) with 5
active treatment arms reported data on loss to follow-up, and one study
was rated as unclear for incomplete outcome data. None of the studies
employed a protocol registration, which did not allow us to formally
assess the potential for selective reporting (Fig. S2).

Quality assessment of the studies according to the GRADE approach
showed some limitations and inconsistency of the study design, some
strengths in terms of large treatment effect, and no obvious indirectness
or imprecision in reporting of the results. Altogether, the quality of
evidence presented for 30 outcomes ranged from “very low” (13.3%),
‘‘low’’ (26.7%), moderate (43.3%) to ‘‘high’’ (16.7%) (Table S2). Using
the Jadad scale, study quality ranged from 1 to 3 (mean=2.1 ± 0.6;
median=2 out of a maximum quality score of 5) (Table S1).

3.4. Treatment efficacy

Combined ECT-clozapine treatment (n=384) was superior to clo-
zapine monotherapy (n=355) regarding early symptomatic improve-
ment (1–2 weeks; 8 RCTs with 9 active treatment arms, SMD: 0.54,
95%CI: −0.88 to −0.20; I2= 77%, P=0.002, Fig. 1).

At post-ECT assessment: Regarding overall symptomatic status
after a treatment duration of 4–12 weeks (mean=5.8 weeks), com-
bined ECT-clozapine treatment (n=386) was superior to clozapine
monotherapy (n=317) (10 RCTs with 12 active treatment arms, SMD:
−0.88, 95%CI: −1.33 to −0.44; I2= 86%, P=0.0001) (Fig. 1). Re-
sults for overall symptomatic status remained significant when two
strong outlying study arms (Wan et al., 2009; Yang et al., 2005) were
removed (10 active treatment arms, SMD: 0.54 (95%CI: 0.82,-0.26),
P= 0.0001; I2= 62%). Superiority of combined ECT-clozapine treat-
ment was confirmed in 14 of the 17 analyzed subgroups with meta-
analyzable data (Table 1). Statistical significance changed to a

statistical trend only for patients with failure to ≥2 APs (P=0.09),
studies with male preponderance (P=0.08) and electrode placement
using bilateral (P=0.06).

In exploratory meta-regression analyses, there was a significantly
inverse relationship between four pre-defined variables (sample size:
P= 0.0035, illness duration: P < 0.00001, ECT treatment session:
P= 0.018, trial duration: P < 0.00001) and the efficacy of combined
ECT-clozapine treatment for symptomatic improvement at post-ECT
assessment. Higher clozapine dose in the ECT-clozapine combination
group (P=0.00025) was significantly associated with greater symp-
tomatic improvement, but mean patient age (P=0.103), study quality
score (Jadad score) (P= 0.285), baseline PANSS total score
(P= 0.060) and percentage of males (P=0.199) were not significantly
associated with symptomatic improvement.

Upon visual inspection, the funnel plots were asymmetrical for
symptomatic improvement at post-ECT assessment. Accordingly,
Egger's test revealed presence of publication bias (P= 0.022). The fail-
safe method indicated that 265 additional studies would be required to
lead to a non-significant finding.

Similar results were found regarding study-defined response, i.e.,
reduction in PANSS or BPRS total score ≥50% (7 RCTs) or BPRS total
score ≥40% (1 RCT) or not report definition (2 RCTs) (53.6% vs.
25.4%, RR=1.94, 95%CI: 1.59–2.36; I2= 0%, P < 0.00001,
NNT=3, 95%CI: 3–5) (Fig. 2) and remission, i.e., ≥75% (6 RCTs),
≥70% (2 RCTs) or not report definition (1 RCT) reduction in PANSS or
BPRS total score: 13.3% vs. 3.7%, RR=3.28, 95%CI: 1.80–5.99;
I2= 0%, P=0.0001, NNT=13, 95%CI: 6–100) (Fig. 2).

The results were consistent for specific and rigorous definitions of
response (≥50% reduction in total PANSS) (RR=2.14, 95%CI:
1.62–2.83; I2= 0%, P < 0.00001, NNT=3, 95%CI: 3–5) (Table 2)
and remission (≥75% reduction in total PANSS) (RR=3.95, 95%CI:
1.88–8.30; I2= 0%, P=0.0003, NNT=8, 95%CI: 4-∞) (Table 2).

Fig. 1. Global Symptomatic Improvement at 1–2Weeks, post-ECT Assessment and Endpoint Assessment.
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Meta-analysis of positive symptom scores found an advantage of
combined ECT-clozapine treatment compared with clozapine mono-
therapy (SMD: −0.45, 95%CI: −0.68 to −0.22; I2= 8%, P=0.0001,
Table 2), but not for negative or general symptom scores (Table 2).

At endpoint assessment: Regarding overall symptomatic status
after follow-up post-ECT of 1–10 weeks (mean= 5.3 weeks), combined
ECT-clozapine treatment (n=646) was superior to clozapine mono-
therapy (n=589) (13 RCTs with 14 active treatment arms, SMD:
−1.44, 95%CI: −2.05 to −0.84; I2= 95%, P < 0.00001) (Fig. 1).
Results for overall symptomatic status remained significant when four
strong outlying study studies (Xia, 2016; Xiong and Liu, 2015; Yu et al.,
2015; Zhang et al., 2010) were removed (10 active treatment arms,
SMD: 0.57 (95%CI: 0.80,−0.34), P < 0.00001; I2= 57%). Superiority
of combined ECT-clozapine treatment was confirmed in 13 of the 15
analyzed subgroups (Table 1). Significance disappeared only for pa-
tients with failure to ≥2 APs (P=0.32) and studies with use of bi-
lateral electrode placement (P=0.10).

In exploratory meta-regression analyses, there was a significantly
inverse relationship between four pre-defined variables (illness dura-
tion: P < 0.00001, baseline PANSS total score: P < 0.00001, percen-
tage of males: P= 0.004, trial duration: P < 0.00001) and the efficacy
of combined ECT-clozapine treatment for symptomatic improvement at
endpoint assessment. Higher clozapine dose in the ECT-clozapine

combination group (P=0.0006) and larger sample size (P < 0.00001)
were significantly associated with greater symptomatic improvement,
but the number of ECT treatment session (P=0.747), study quality
score (Jadad score) (P=0.06), and mean patient age (P=0.197) were
not.

On visual inspection, the funnel plots were symmetrical for symp-
tomatic improvement at endpoint assessment. Accordingly, Egger's test
did not find potential publication bias (P= 0.095). The fail-safe
method indicated that 1037 additional studies would be required to
lead to a non-significant finding.

Similar results were found regarding study-defined response, i.e.,
reduction in PANSS or BPRS total score ≥50% (6 RCTs with 7 active
treatment arms) or based on clinical observation (1 RCT), or without
reported definition (1 RCT) (67.7% vs. 41.4%, RR=1.66, 95%CI:
1.38–1.99; I2= 47%, P < 0.00001, NNT=4, 95%CI: 3–8) (Fig. 3).
The same was true for remission, i.e., ≥75% reduction in PANSS or
BPRS total score (6 RCTs with 7 active treatment arms) or based on
clinical observation (1 RCT), or without reported definition (1 RCT):
23.6% vs. 13.3%, RR=1.80, 95%CI: 1.39 to 2.35; I2= 5%,
P < 0.0001, NNT=14, 95%CI: 6–50, Fig. 3).

The results were consistent for specific and robust response (≥50%
reduction in total PANSS) (RR=1.61, 95%CI: 1.20–2.16; I2= 0%,
P= 0.002, NNT=7, 95%CI: 3-∞) (Table 2), but not for remission

Table 1
Subgroup analysis and Sensitivity analysis of endpoint symptomatic improvement at post-ECT assessment and endpoint assessment.

Variables Symptomatic improvement at post-ECT assessment

Subjects (active treatment arms) SMDs (95%CI) I2 (%) P-value within subgroup P-value across subgroups

1. Chinese studies 664 (11) −0.88 (−1.36, −0.40) 87 0.0003 0.91
Non-Chinese studies 39 (1) −0.93 (−1.60, −0.27) N/A 0.006
2. Rater masked 39 (1) −0.93 (−1.60, −0.27) N/A 0.006 0.91
Open label 664 (11) −0.88 (−1.36, −0.40) 87 0.0003
3. Describing randomization details 78 (2) −0.69 (−1.22, −0.15) 0 0.01 0.31
Not describing randomization details 625 (10) −0.92 (−1.44, −0.41) 89 0.0005
4.Failure to≥ 2 APs 170 (2) −0.75 (−1.62, 0.12) 86 0.09 0.31
Failure to≥ 3 APs 413 (8) −1.02 (−1.70, −0.35) 89 0.003
5.8 weeks duration 309 (5) −1.29 (−2.02, −0.56) 87 0.0005 0.68
12 weeks duration 394 (6) −0.45 (−0.86, −0.04) 73 0.03
6. Number of ECTs (< 9 ECTs)a 109 (3) −1.00 (−1.86, −0.13) 73 0.02 0.32
Number of ECTs (≥9 ECTs)a 594 (9) −0.85 (−1.38, −0.32) 89 0.002
7. Last observation carried forward 565 (9) −1.00 (−1.57, −0.42) 90 0.0007 0.09
Observed cases 138 (3) −0.49 (−0.86, −0.12) 0 0.009
8. Male predominance (> 60%) 159 (3) −1.53 (−3.23, 0.17) 95 0.08 0.27
Males≤ 60% 406 (6) −0.53 (−0.97, −0.10) 76 0.02
9. Bilateral ECT 99 (2) −0.58 (−1.19, 0.02) 53 0.06 NA
Unilateral ECT No data No data No data No data

Variables Symptomatic improvement at study endpoint
Subjects (active treatment arms) SMDs (95%CI) I2 (%) P-value P-value

1. Chinese studies 1235 (14) −1.44 (−2.05, −0.84) 95 < 0.00001 N/A
Non-Chinese studies No data No data No data No data
2. Rater masked No data No data No data No data N/A
Open label 1235 (14) −1.44 (−2.05, −0.84) 95 < 0.00001
3. Describing randomization details 286 (4) −2.09 (−4.09, −0.08) 97 0.04 0.41
Non-describing randomization details 949 (10) −1.20 (−1.83, −0.57) 95 0.0002
4.Failure to≥ 2 APs 162 (2) −2.83 (−8.42, 2.76) 99 0.32 0.50
Failure to≥ 3 APs 875 (10) −0.88 (−1.28, −0.48) 86 < 0.0001
5.8 weeks duration 469 (6) −2.21 (−3.78, −0.64) 98 0.006 0.14
12 weeks duration 766 (8) −0.98 (−1.41, −0.56) 85 < 0.00001
6. Number of ECTs (< 9 ECTs)a 74 (2) −0.87 (−1.40, −0.33) 0 0.001 0.12
Number of ECTs (≥9 ECTs)a 1161 (12) −1.54 (−2.22, −0.87) 96 < 0.00001
7. Last observation carried forward 913 (11) −1.47 (−2.19, −0.75) 96 < 0.0001 0.97
Observed cases 322 (3) −1.45 (−2.09, −0.81) 70 < 0.00001
8. Male predominance (> 60%) 154 (2) −0.82 (−1.23, −0.41) 31 < 0.0001 0.08
Males≤ 60% 1081 (12) −1.56 (−2.27, −0.85) 96 < 0.0001
9. Bilateral ECT 363 (2) −1.15 (−2.52, 0.22) 97 0.10 N/A
Unilateral ECT No data No data No data No data

Bolded p-values: P< 0.05.
APs= antipsychotics; N/A=Not applicable; SMDs= standardized mean differences.

a Using the median split of the number of recommended ECT treatments per the ECT guidelines for adults in China, i.e., 6 to 12 sessions.

G. Wang et al. Journal of Psychiatric Research 105 (2018) 23–32

27



(≥75% reduction in total PANSS) (RR=1.29, 95%CI: 0.84–1.98;
I2= 0%, P=0.25) (Table 2).

Meta-analysis of positive symptom scores found an advantage of
combined ECT-clozapine treatment compared with clozapine mono-
therapy (SMD: −0.46, 95%CI: −0.78 to −0.15; I2= 53%, P= 0.004,
Table 2), but not for negative and general symptom scores (Table 2).

3.5. Adverse events

Memory impairment (RR=16.10, 95%CI: 4.53–57.26; I2= 0%,
P < 0.0001, NNH=4, 95%CI: 2–14) and headache (RR=4.03,
95%CI: 1.54–10.56; I2= 0%, P= 0.005, NNH=8, 95%CI: 4–50) were

significantly more often spontaneously reported in the ECT-clozapine
group than in the clozapine monotherapy group. Conversely, patient-
reported weight gain (RR=0.61, 95%CI: 0.42–0.89; I2= 0%,
P= 0.01, NNT=14, 95%CI: 8–100) and constipation (RR=0.77,
95%CI: 0.61–0.99; I2= 0%, P=0.04, NNT=14, 95%CI: 7–100) was
significantly less frequently reported with ECT-clozapine group com-
pared to the clozapine monotherapy group (Table 2).

Meta-analysis of salivation, leukocytopenia, drowsiness, elevated
liver enzymes, nausea/vomiting, and tachycardia revealed no sig-
nificant group differences (RR=0.68–1.65, 95%CI: 0.22–4.27;
I2= 0%–41%, P=0.05–0.74) (Table 2).

Fig. 2. Study-defined Response and Remission at post-ECT Assessment.

Table 2
Secondary outcomes: ECT combined with clozapine for treatment-resistant schizophrenia.

Variables Subjects (active treatment arms) SMDs or RRs (95%CI) I2 (%) P-value

Clinical efficacy
Response (≥50% reduction in total PANSS) at post-ECT assessment 371 (5) 2.14 (1.62, 2.83) 0 < 0.00001
Remission (≥75% reduction in total PANSS) at post-ECT assessment 371 (5) 3.95 (1.88, 8.30) 0 0.0003
Positive symptom scores at post-ECT treatment 355 (6) −0.45 (−0.68, −0.22) 8 0.0001
Negatvie symptom scores at post-ECT treatment 355 (6) −0.24 (−0.49, 0.01) 25 0.06
General symptom scores at post-ECT treatment 355 (6) −0.12 (−0.77, 0.53) 88 0.72
Response (≥50% reduction in total PANSS) at endpoint assessment 248 (4) 1.61 (1.20,2.16) 0 0.002
Remission (≥75% reduction in total PANSS) at endpoint assessment 326 (5) 1.29 (0.84, 1.98) 0 0.25
Positive symptom scores at endpoint assessment 389 (6) −0.46 (−0.78, −0.15) 53 0.004
Negatvie symptom scores at endpoint assessment 389 (6) −0.28 (−0.59, 0.04) 53 0.08
General symptom scores at endpoint assessment 389 (6) −0.33 (−0.91, 0.24) 86 0.26
Patient-reported Adverse Effects
Memory impairment 372 (5) 16.10 (4.53, 57.26) 0 < 0.0001
Headache 372 (5) 4.03 (1.54, 10.56) 0 0.005
Weight gain 540 (7) 0.61 (0.42, 0.89) 0 0.01
Constipation 540 (7) 0.77 (0.61, 0.99) 12 0.04
Salivation 540 (7) 0.76 (0.58, 1.00) 0 0.05
Leukocytopenia 277 (4) 0.78 (0.22, 2.75) 0 0.70
Drowsiness 462 (6) 0.80 (0.60, 1.07) 41 0.14
Elevated liver enzymes 431 (6) 0.68 (0.36, 1.28) 0 0.23
Nausea/vomiting 226 (3) 1.65 (0.64, 4.27) 0 0.30
Tachycardia 371 (5) 0.95 (0.69, 1.30) 0 0.74
Neurocognitive functioning
Memory Quotient (MQ) at post-ECT Assessment 78 (2) 0.02 (−0.49, 0.54) 0 0.93
Memory Quotient (MQ) at endpoint assessment 78 (2) 0.13 (−0.39, 0.65) 0 0.62
Treatment discontinuation
All-cause discontinuation at endpoint assessment 457 (5) 0.95 (0.44, 2.05) 0 0.90

Abbreviations: CI= confidence interval, ECT= electroconvulsive therapy, PANSS = Positive and Negative Syndrome Scale, RRs= risk radios, SMDs= Standard
Mean Differences.
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3.6. Neurocognitive functioning: Wechsler Memory Scale

Of the four RCTs (Wan et al., 2009; Wang et al., 2011; Yu et al.,
2015; Zhang et al., 2010) with four treatment arms used the Wechsler
Memory Scale (WMS), one study (Wang et al., 2011) did not provide
data for the control group, and another study (Wan et al., 2009) with
two active treatment arms had total scores that were entirely incon-
sistent with the literature (being about one third of usual scores), which
found no significant group differences regarding WMS total score. One
study (Zhang et al., 2010) did not provide data at ECT treatment end-
point and found a significant reduction of memory quotient (MQ) at one
day after ECT treatment, but the statistical significance disappeared at
one week after post-ECT assessment. Meta-analysis of MQ in one RCT
(Yu et al., 2015) with two active treatment arms revealed no significant
differences between the two active treatment groups at post-ECT as-
sessment (N=78, SMD=0.02, 95%CI: −0.49 to 0.54; I2= 0%,
P=0.93) and endpoint assessment (N=78, SMD=0.13, 95%CI:
−0.39 to 0.65; I2= 0%, P= 0.62) (Table 2).

3.7. Discontinuation rates

Meta-analysis of all-cause discontinuation at endpoint assessment
revealed no significant group differences (4 RCTs with 5 active arms,
N=457, RR=0.95, 95%CI: 0.44–2.05; I2= 0%, P=0.90) (Table 2).

4. Discussion

This is the largest meta-analysis of the efficacy and safety of ECT
augmentation of clozapine combination treatment in CRS. This meta-
analysis identified 18 meta-analyzable RCTs, comprising 1769 patients.
The main finding is that ECT added to clozapine had superior efficacy to
clozapine monotherapy regarding the primary and all key secondary
efficacy outcomes at post-ECT assessment and endpoint assessment, and
that ECT augmentation of clozapine was safe and reasonably well tol-
erated. The reduction in total psychopathology was significantly su-
perior to clozapine monotherapy as early as after 1–2 weeks with a
moderate effect size of −0.54, which increased to a large effect size of

−0.88 at post-ECT assessment after a mean duration of 5.8 weeks and
of −1.44 at endpoint assessment after a mean follow-up with duration
of 5.3 weeks. Despite heterogeneity of the co-primary outcome results,
findings were consistent in sensitivity and subgroup analyses in 82.4%
(14/17) and 86.7% (13/15) of the analyzed subgroups at post-ECT
assessment and endpoint assessment, respectively.

Notably, after removing two (Wan et al., 2009; Yang et al., 2005)
and four outlying studies (Xia, 2016; Xiong and Liu, 2015; Yu et al.,
2015; Zhang et al., 2010) that had an effect size of SMD > −1.5 for
overall symptomatic status at post-ECT assessment and endpoint as-
sessment, respectively, the relevant effect size were still −0.54 or
−0.57, and the heterogeneity decreased to 62% or 57%. This finding
indicates that the heterogeneity of the significant pooled overall
symptomatic status results at post-ECT assessment and endpoint as-
sessment were not driven by outlying findings and that the hetero-
geneity was within the superior efficacy spectrum but not around the
null hypothesis, further strengthening the results. In addition, meta-
regression for overall symptomatic status at post-ECT assessment re-
vealed that smaller sample size, shorter illness duration, fewer ECT
treatment sessions, shorter trial duration, and higher clozapine dose in
the ECT augmentation group were significantly associated with the
efficacy of the ECT augmentation of clozapine. Although Egger's test
showed an obvious publication bias for overall symptomatic status at
post-ECT assessment, the fail-safe method indicated that 265 additional
studies would have been required to lead to a non-significant finding.

Additionally, results at post-ECT assessment and endpoint assess-
ment, respectively, were confirmed in key secondary outcome analyses
of study-defined response and remission, as well as predefined, robust
response (≥50% reduction in total PANSS) and remission (≥75% re-
duction in total PANSS), without significant heterogeneity.

In fact, the majority of CRS patients responded (at post-ECT as-
sessment (53.6%, NNT=3) and endpoint assessment (67.7%,
NNT=4)). However, only a relatively small proportion remitted at
either the post-ECT assessment (13.3%, NNT=13) and endpoint as-
sessment (23.6%, NNT=14), but with resultant NNTs that are still
quite favorable for the most severe subgroup of patients with schizo-
phrenia.

Fig. 3. Study-defined response and remission at endpoint assessment.
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In addition to its efficacy, ECT augmentation of clozapine was
generally safe and well-tolerated. Apart from 45 patients reporting
memory impairment (24.2% vs. 0% on clozapine monotherapy) and 27
subjects who reported headache (14.5% vs 1.6% on clozapine mono-
therapy), which each were significantly more common in the ECT-
clozapine group, there were no significant differences in other adverse
events and treatment discontinuation between the ECT-clozapine and
clozapine monotherapy groups. Only in one RCT (Petrides et al., 2015)
one patient in the ECT-clozapine combination group experienced re-
currence of preexisting involuntary “jerky” movements. Although there
was a significant difference in memory functioning assessed with the
Wechsler Memory Scale with adjunctive ECT after one day (Zhang
et al., 2010), the difference was marginal and non-significant from one
week onwards, which suggests that the memory impairment was mostly
mild and tolerable and, importantly, transient (Lally et al., 2016). Si-
milarly, one RCT (Yu et al., 2015) with 2 study arms found the two
treatment groups without significant difference regarding MQ at post-
ECT assessment and endpoint assessment. Thus, although memory im-
pairment (NNH=4) and headache (NNH=8) were significantly more
frequent with adjunctive ECT than clozapine monotherapy, these ad-
verse effects do not seem to be not chronic and persistent, but rather
transient and mild (Lou et al., 2013; Wang et al., 2011; Zhang et al.,
2010).

The results of this meta-analysis support the findings of several
previous systematic reviews (Ahmed et al., 2017; Havaki-Kontaxaki
et al., 2006; Kupchik et al., 2000; Lally et al., 2016) that did not in-
cluded Chinese studies. Moreover, results from this meta-analysis are
broadly consistent with another recent meta-analysis (Zheng et al.,
2017) of ECT added to non-clozapine antipsychotics for TRS, showing
similar or even higher effect sizes for the most severe CRS cases com-
pared to non-clozapine treated TRS cases. In that meta-analysis of 11
studies (n=818) with a comparable mean trial duration (10.2 ± 5.5
vs CRS= 9.2 ± 2.6 weeks), adjunctive ECT was also superior to non-
clozapine antipsychotic monotherapy regarding symptomatic im-
provement at last-observation endpoint with an SMD of −0.67
(CRS=−1.44), and also separating the two groups as early as week
1–2 with an SMD of −0.58 (CRS=−0.54). Furthermore, ECT was also
superior at endpoint assessment regarding study-defined response
(RR=1.48, NNT of 6; CRS: RR=1.74, NNT=4) as well as remission
(RR=2.18; CRS: RR=1.80), yet CRS patients were less likely to
achieve remission than non-clozapine TRS patients (NNT=14 vs.
NNT=8). However, different from the results in CRS, where only po-
sitive symptoms superiority was observed for the ECT augmentation of
clozapine, in non-clozapine treated TRS patients, ECT augmentation
was associated with significant improvements in general symptom sub-
scores at endpoint too, yet, in neither patient group was ECT associated
with significant improvements in negative symptoms. Finally, as in CRS
patients, the ECT-augmentation of non-clozapine antipsychotics in TRS
was also associated with significantly more headache (NNH=6) and
memory impairment (NNH of 3) (Zheng et al., 2017).

Several limitations of this study need to be acknowledged. First,
there was significant heterogeneity of the meta-analytic results re-
garding endpoint overall symptomatic status, suggesting the effect of
relevant moderator and mediator variables. Since a meta-analysis
combines results from trials that differ in their methodology, study size,
sampling, antipsychotic doses, ECT parameters and outcome variables,
the random effects model was employed to provide a conservative es-
timate of all meta-analytic outcomes. Moreover, heterogeneity decrease
from 86% to 62% after two strong outlying active treatment arms at
post-ECT assessment and from 95% to 57% after four strong outlying
active treatment arms at endpoint assessment with effect sizes > −1.5
were removed, confirming significant and clinically meaningful effects
of ECT-clozapine cotreatment in the remaining studies.

Second, although this meta-analysis included 18 RCTs and 1769
patients, with>1000 patients being considered necessary for robust
meta-analytic results (Trikalinos et al., 2004), the sample sizes in some

studies were small and the information for some outcomes was in-
complete, reducing the number of analyzable studies and patients for
primary and secondary outcomes. In addition, the Cochrane risk of bias
- Version 2.0 (http://training.cochrane.org/resource/rob-20-webinar)
was recently developed. It should be used in future meta-analysis after
its psychometric properties have been adequately tested.

Third, although a strength of this study is the inclusion of Chinese
databases that enabled us to identify RCTs not included in prior re-
views, 17 of the included RCTs (94.4%) were conducted in China.
Therefore, evidence for efficacy of ECT augmentation of clozapine
treatment in non-Chinese settings and patients is incomplete and gen-
eralizability of the results requires further study.

Fourth, none of the RCTs used sham ECT and only one RCT (Petrides
et al., 2015) reported blinding methods for raters in the quality as-
sessment. According to the GRADE method, the quality of evidence was
‘‘moderate’’ and ‘‘low’’ regarding endpoint symptomatic improvement
at both post-ECT assessment and endpoint assessment, and weeks 1–2
(mainly due to issues related to details on randomization schedule and
blinding), respectively. The quality results for memory impairment and
headache ranged from ‘‘moderate’’ to ‘‘high’’. Thus, higher quality
studies are sorely needed to confirm and expand on the currently
available evidence, even though sham ECT involving anesthesia is not
without potential risk.

Fifth, the mean/medium duration of the studies was only 8–9
weeks. Thus, longer-term follow-up data are needed in order to assess if
patients can maintain the gains that they achieved from ECT augmen-
tation of clozapine, or whether maintenance ECT is required, whether
remission rates could increase over time, and which patient and illness
characteristics are predictive of one or the other outcome.

Finally, limited attention was given to the detailed assessment of
cognitive side effects. Only 4 RCTs (Wan et al., 2009; Wang et al., 2011;
Yu et al., 2015; Zhang et al., 2010) tested cognitive functions with the
WMS, and one RCT (Petrides et al., 2015) employed the modified Mini-
Mental State Examination (MMSE) that only captures marked cognitive
dysfunction. Thus, the meta-analysis was restricted to patient-reported
memory impairment. Future studies and meta-analyses of the ECT
augmentation of clozapine in CRS and of non-clozapine antipsychotics
for TRS will need to pay particular attention to cognitive side effects,
both in terms of frequency, severity and durability/transience. How-
ever, a meta-analysis (Lally et al., 2016) suggests that the memory
impairment and cognitive dysfunction following ECT is generally mild
and short-lived.

5. Conclusions

TRS, especially CRS, is a complex, severe and disabling psychiatric
disorder, which poses a significant therapeutic challenge (Howes et al.,
2017; Kho et al., 2004). Results from this meta-analysis indicate that
ECT added to clozapine for CRS is both effective, relatively safe and
tolerable. Meta-analysis of improvement in psychiatric symptoms
showed that adding ECT to clozapine was superior to monotherapy,
yielding medium to large effect sizes at post-ECT assessment and end-
point assessment. Memory impairment and headache were the main
adverse effects, but these symptoms were present in not more than
24.2% and 14.5% of patients receiving ECT augmentation and appeared
to be mostly mild and transient. Additional, high quality studies are
needed to determine the utility of ECT augmentation in patients with
CRS.
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