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Abstract

Aim: To assess the relative efficacies of clozapine plus Electroconvulsive Therapy
(ECT) compared against non-clozapine typical and atypical antipsychotics plus
ECT for the treatment of “Treatment Resistant Schizophrenia” (TRS). Primarily to
assess if clozapine delivers a significant improvement over other antipsychotics
when combined with ECT.

Design: Major electronic databases were searched between 1990 and March 2017
for trials measuring the effects of either clozapine augmented ECT, other

antipsychotic-augmented ECT, or both. After the systematic review of the data, a
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random-effects meta-analysis was conducted measuring the relative effect sizes of
the different treatment regimens.

Subjects: 1179 patients in 23 studies reporting the usage of ECT augmentation
with antipsychotics. A total of 95 patients were tested with clozapine, and ECT (9
studies) and 1084 patients were tested with non-clozapine antipsychotics (14
studies) such as flupenthixol, chlorpromazine, risperidone, sulpiride, olanzapine,
and loxapine with concurrent ECT treatment considered for systematic review. Of
these, 13 studies reported pre and post-treatment scores were included in the meta-
analysis.

Main outcome measures: The main outcome measure was the presence and
degree of both positive and negative psychotic symptoms, as measured by either of
two standardized clinician administered tests, the Brief Psychiatric Rating Scale
(BPRS), and the Positive and Negative Symptom Scale (PANSS).

Results: The comparison of the different antipsychotics established the supremacy
of ECT-augmented clozapine treatment against other typical and atypical
antipsychotics. The Forest Plot revealed that the overall standard mean
difference was 0.891 for non-clozapine studies and 1.504 for clozapine studies,
at a 95% interval. Furthermore, the heterogeneity plots showed that while clozapine
studies showed no significant heterogeneity, non-clozapine studies showed an 12
statistic value at 42.19%, suggesting moderate heterogeneity. Lastly, publication
bias showed asymmetrical plots and significant values of Kendal's tau and Egger's
rank test.

Conclusion: ECT augmentation technique was found to be effective in the
reduction of psychometric scale scores, and the resulting improvement was
significant. Clozapine maintained its stance as the most effective treatment for

Treatment-Resistant Schizophrenia, followed by flupenthixol.

Keywords: Evidence-based medicine, Psychiatry

1. Introduction

Schizophrenia is a complex mental disorder in which the individual suffers from an
altered perception of his/her surroundings, characterized by severe impairment of
one’s thoughts, feelings, and actions (National Institute of Mental Health). The
underlying cause of the disease has not yet been fully established; hence the
treatment focuses more on the abatement of the disabling symptoms (National
Institute of Mental Health). The treatment follows an intensive course of
pharmacological and non-pharmacological therapies, which are used in combina-
tion to design the desired course of treatment for the patient [1]. Clozapine is the
gold standard and most effective pharmacological drug prescribed for the treatment
of schizophrenia [2]. Besides clozapine, other typical and atypical antipsychotics
are also prescribed to the patients, depending upon the side effects and target

symptom manifestations.
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Clozapine is the favored choice of treatment due to its numerous advantages, such as
its superior efficacy for treating both positive symptoms and negative symptoms,
relatively high compliance rate compared to other treatment options, advantage in
reversing tardive dyskinesia, cost-effectiveness over other agents. Most importantly,
clozapine also has the added advantage of mediating addictive behaviors in patients
addicted to drugs and the potential to reduce rates of suicide in this population [3].
The studies have shown that 10%—60% of the patients show insufficient improvement
following antipsychotic therapy, thereby exhibiting resistance to the drugs even to
clozapine [4, 5, 6, 7]. Due to the high Quality of Life burden of schizophrenia, and the
low rates of treatment success with antipsychotics alone, augmentation techniques
may be pursued to improve therapeutic outcomes [8]. Augmentation techniques are
employed in the most serious manifestations of the disease, and as a last line of
treatment when antipsychotic treatment alone has failed [9]. Augmentation strategies
are applied such as combining more than one antipsychotic agent, adding
antidepressants, mood stabilizers, other agents such as glycine, d-cycloserine, d-
serine and electroconvulsive therapy (ECT). Some antipsychotics are used for
augmentation in various combinations with or without clozapine such as risperidone,
olanzapine, amisulpride, quetiapine, aripiprazole [10]. The mood stabilizers such as
lithium lamotrigine and valproic acid are frequently used, under the category of
antidepressants some are commonly used such as citalopram, duloxetine, and
venlafaxine to alleviate symptoms in schizophrenia. However, Electroconvulsive
therapy (ECT), has been agreed upon as the most robust and effective augmentation

strategy producing valuable results [10].

Many studies have shown that the augmentation of the drug responses by employing
electroconvulsive therapies often rapidly improves patient’s symptoms in treatment-
refractory schizophrenia [9, 11, 12, 13]. Augmentation with ECT may be used with
any antipsychotics, but the best results have been found in conjunction with
clozapine. Clozapine is the most effective course of treatment for schizophrenia,
especially in severe stages along with ECT augmentation, but the clozapine is a highly
underutilized drug because of weekly blood monitoring to detect the presence of
agranulocytosis. However the risk of developing agranulocytosis is very low [2, 6].
Therefore, this study is aimed to compare the relative efficacies of ECT augmented
antipsychotic therapies with that of clozapine. Such comparative meta-analysis
between clozapine and other drugs will help to determine the stark differences
between the capabilities of these drugs combined with ECT augmentation strategies.
The relative side effects of both clozapine and other antipsychotic drugs were also

reported in the systematic review.

Existing literature on the treatment of schizophrenia offers ample insights into the
efficacy of augmentation therapies [11, 14] but the relative analysis between the
efficacies of different ECT-drug combinations have not been investigated into in

much detail. While the current practice is to use clozapine unless contraindicated

http://dx.doi.org/10.1016/j.heliyon.2017.e00429
2405-8440/© 2017 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).


http://dx.doi.org/10.1016/j.heliyon.2017.e00429

4

| Heliyon
Article No~e00429

due to its gold standard status for psycho-active treatment alone, augmented
therapy may differ in results. Thus, the present study aimed to compare the relative
efficacies of clozapine-ECT therapy over other ECT- augmented psychoactive
drugs. A meta-analysis comparing clozapine + ECT against other anti-psychotic
drugs in patients with TRS will provide important guidance for clinicians
attempting to treat patients with this highly debilitating, chronic condition. The
present study improves upon previous studies of [15, 16, 17] by widening the body
of included research and comparing them statistically on the basis of pre and post

SCores.

However, the meta-analysis suffered from a lack of standardization with respect to
the research designs adopted across the included studies, specifically the inclusion of
both clinical trials and case series. Due to the infrequent use of ECT and the
high symptom burden of TRS, individual case reports and case series are more
common than clinical trials and it was anticipated that this would create a bias in the

literature.

Clinical psychology studies utilize a number of different scales to evaluate the
patient’s mental health in terms of psychosis, cognitive abilities, and other global
symptoms. The types of scales utilized in the present study were the Brief
Psychiatric Rating Scale (BPRS), Positive and Negative Syndrome Scale
(PANSS), Clinical Global Impressions (CGI), Mini-Mental State Examination
(MMSE), and Global Assessment of Functioning (GAF). These scales are
frequently used in clinical studies and assessments of a patient's condition [18, 19,
20, 21]. However, the present study is centered on the BPRS and PANSS scales of
psychosis, because these scales presented psychotic improvement in schizophrenia
patients and helped to overcome the challenges associated with the efficient
comparison of treatment outcomes in meta-analysis. A majority of the studies also
adopted the PANSS and BPRS assessment scales. The PANSS scale is superior to
BPRS with respect to its predictive power and greater ability to explain the
variance. Hence in the present study, the BPRS scores were converted to PANSS

as specified in the methodology section below [19].

2. Hypothesis

The study aimed to evaluate and compare the effectiveness of combination therapy
involving ECT combined with clozapine, against ECT combined with other anti-

psychotics, for patients with TRS. The objectives of the study are as follows:
1. To determine the efficacy of ECT plus clozapine therapy in relieving symptoms
of Schizophrenia.

2. To determine the efficiency of ECT and other antipsychotics (non-clozapine) in
relieving symptoms of Schizophrenia.
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3. To assess whether clozapine + ECT was significantly more effective in the

treatment of TRS than other antipsychotics.

3. Methodology

A literature review was conducted in order to identify all published literature of
augmented anti-psychotic treatment of TRS, including RCT's, open-label trials,
and case series. The search was conducted across the time period of 1990 to March
2017. Analysis of data was conducted using Comprehensive-Meta Analysis V3
Software (Biostat, Inc.).

3.1. Research design

The present systematic review followed the PRISMA guidelines [22]. The first task
was defining relevant and appropriate objectives that clearly addressed the research
topic. The definition of objectives was followed by the identification of the
relevant studies, sourced from public databases like Cochrane, PubMed, and
EMBASE, for journals, reports, thesis, and other relevant files.

The collected studies were assessed for their quality by subjecting them to critical
review by multiple authors as per the defined inclusion and exclusion criteria that
satisfied the study design. The evidence that has been collected by following the
research guidelines and questions and quality assessment was then properly

summarized.

3.2. Inclusion criteria

In order to be included in the current systematic review, studies meet the following

criteria:

Studies must have been published in English.

Studies have been published during the period of 1990-March 2017.

The design of the reported studies either double-blind, controlled trials or case series.

All participants in included studies must be diagnosed with schizophrenia as per

the standardized operational criteria included in the studies.

Study protocols must have included ECT augmentation with the antipsychotic

drug within the treatment plan.

3.3. Exclusion criteria

Exclusion criteria were instituted both to ensure the quality of data that would be
included and to ensure only relevant trials would be identified in the literature

search. The exclusion criteria were defined as follows:
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Studies reporting either exclusively only ECT treatment or antipsychotics drug

treatment alone.

Any study which included adjunct therapies for augmentation of clozapine such
as antidepressants, mood stabilizers etc.

ECT augmentation, whether clozapine or any other antipsychotic drugs, used in
the treatment of any other mental disorders

Antipsychotics not used concurrently with ECT procedure during treatment.

Studies including subjects with the history of substance abuse.

e Case reports, systemic reviews, or previously published metanalyses.

3.4. Information sources and searches

The literature collected in the present research involved the findings of open trials,
case series, retrospective studies, randomized clinical trials and open-label trials
and studies. English language databases were searched, including PubMed,
EMBASE, Cochrane Review Library, and PubMed Clinical inquiries, for the
period of 1990-March 2017. The keywords employed for performing the research
were those mentioned in Table 1.

3.5. Study selection and exclusion

Different electronic databases were searched using single keywords or combina-
tions of different keywords as mentioned in Table 1. The search yielded a total of
570,268 results. During the screening of the abstracts of these articles; only 44
articles were found to have fulfilled the inclusion criteria which was defined for the
current study. Moreover; duplicates and studies not meeting the basic requirements
of the research were eliminated. Only 23 of the 44 studies were found to be eligible
for systematic review; dedicated to the specific course of treatment and patient sub
groups. Out of these; 13 studies relating to the use of ECT-clozapine treatment and
ECT-nonclozapine treatment (all the antipsychotics other than clozapine) were
differentiated and reviewed separately during metanalysis. This was done
essentially to evaluate and compare the relative efficacies of the two therapeutic

methods. The overall layout of the selection process is depicted in Fig. 1.

3.6. Primary outcome

The refined results of literature review resulted in 23 studies, as shown in Fig. 1,
which were further classified into two groups, clozapine (9 studies) and non-
clozapine (14 studies) antipsychotic drug treatments, augmented by ECT. All trials
involved concomitant administering of ECT and antipsychotic medications,

although duration and dosage varied. Some of the studies were randomized and
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Table 1. Keywords used for searching the databases for relevant literature.

Individual Keywords

Combination of Keywords

Antipsychotics In combination with “ECT." In combination with “ECT + Schizophrenia”
Electroconvulsive therapy (ECT) Clozapine Antipsychotics
Risperidone Schizophrenia
Schizophrenia Olanzapine Clozapine
Quetiapine Risperidone
Ziprasidone Olanzapine
Chlorpromazine Quetiapine
Flupenthixol Ziprasidone
Risperdal Chlorpromazine
Lurasidone Flupenthixol
Zyprexa Risperdal
Aripiprazole Lurasidone
Haloperidol Zyprexa
Fluphenazine Aripiprazole
Thiothixene Haloperidol
Trifluoperazine Fluphenazine
Loxapine Thiothixene
Sulpiride Trifluoperazine
Loxapine
Sulpiride
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—_ No. of records identified through
Identification database searching = 570268

No. of records removed due to

duplication = 360789

Screening
No. of records screened = 209479
No. of records excluded = 209435
s
Eligibility
Included

* 21 studies failed to meet the eligibility criteria: these published studies were either case reports or published in
languages other than English, examined patients carrying diagnosis other than schizophrenia, or contaminated their
samples with dual diagnosis.

Fig. 1. Literature search and selection flow chart of studies included.

controlled using ECT and placebo ECT treatments, whereas others were open
clinical trials, case series, or retrospective chart reviews of the patients already

admitted for schizophrenia treatment (see Table 2).

3.7. Data extraction

Data-extraction was performed by three authors (S.A., A.K., and H.M.)
independently and using a pre-devised format. In the event of any discrepancies
in data-extraction, one of the authors independently analyzed the study (S.A.) and
the combined results were discussed. Data extracted included: author, year, patient
demographic information (gender, age, and country), study design, number of
participants, treatment plans (number of ECT treatments, types of antipsychotics,
and dosage), clinical interview type and results.

4. Analysis

Post-systematic reviews of the 23 selected studies were re-examined for inclusion,

on the basis of the type of psychiatric scales used for evaluation of mental health
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Table 2. Study design and demographic profile of patients included in the selected
studies.

Details Clozapine (N = 9) Non-Clozapine (N = 14)

Study Design

Randomized Control Trials 2 4
Case Series 1 0
Open-Label Trials 6 10

Demographic Details

Target Population 98 1084
Age 35.7 32.85
Gender*(female/male) 39/56 529/456
Duration of Illness**(yr) 15.36 11.11
Dosage of drug***(mg/day) 392.18 Chlorpromazine = 235.99

Flupenthixol = 21.64
Risperidone = 6.26
Loxapine = 36.7

No. of ECT treatments™**** 13.44 13.2

*Gender-specific data for [27, 28] was not available.
*#*PDuration of Illness for [28, 29, 30, 31, 32]and [33] was not available.
*##*Dosage of drug for [29, 34] was not available.

#*#%No, of ECT treatments for [35] was not available.

and relative availability of the pre- and post-treatment scores in the meta-analysis.
Thus, the studies which failed to report the results on either BPRS or PANSS scales,
with respect to both the pre and post treatment scores, could not be analyzed. The
meta-analysis, according to the random-effects model, was then conducted on the
included studies, using comprehensive meta-analysis software (CMA v3, Engle-
wood, NJ, USA). The random-effects model was chosen as a meta-analytic strategy
due to the non-negligible differences in its methodology and design. An overall effect
within each treatment group was calculated based on the clinician-administered
interviews (BPRS and PANSS), and on differences in mean values with 95%
confidence intervals. The data from the BPRS and PANSS scales for both the
clozapine and non-clozapine group of studies was used, and the studies were analyzed
by utilizing the linked score database as generated [23], according to the
EQUIPERCENTILE method. Heterogeneity was calculated using the I test statistic.
Finally, publication bias was estimated using funnel plots, Begg and Mazumdar
correlation rank tests and Egger’s linear regression intercepts [24, 25]. Sensitivity
analysis was done by removing the studies which had effect sizes of SMD > 2.0,
which represented an outlying effect size. Correlation values between the pre and post

scores were imputed since they were not available for any of the studies [26].
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5. Results

A total of 23 studies were included in the systematic review, with 9 assessing ECT
and clozapine treatment, and 14 studies assessing augmented ECT treatment with
other antipsychotics. Demographic details, disease characteristics, and average
dosage were included and represented in Table 2. Information regarding non-
clozapine-ECT treatment is mentioned in Table 3 and clozapine-ECT treatment in
Table 4, respectively. The 23 studies included 1179 patients, wherein 95 patients
were treated with concurrent administration of clozapine and ECT, and 1084
patients received ECT treatments with simultaneous administration of drugs
belonging to the non-clozapine group. The main drugs belonging to the non-
clozapine class, encountered in the present studies were flupenthixol, chlorproma-
zine, risperidone, olanzapine, sulpiride, and loxapine, with the majority being

administrations of flupenthixol.

5.1. BPRS: Brief Psychiatric Rating Scale; PANSS: Positive and
Negative Syndrome Scale; MMSE: Mini-Mental State Exami-
nation

All the studies reported improvement in the BPRS or PANSS scores of the patients
after they underwent ECT augmentation with antipsychotics. However, in two
studies [36, 37], exacerbation of negative symptoms of schizophrenia, post-ECT
augmentation with flupenthixol, was observed in some patients. Other studies [27,
31, 38, 39] reported exhibition of mild extrapyramidal symptoms in some patients.
Also in the study conducted by Chanpattana and Sackeim et al., 2010 [36]
improvement of the BPRS scores was observed to a greater extent in females than
males. Another unique study [40] recorded higher improvement in the scores of
female subjects across all three of its study groups. The study groups differed on
the basis of the intensity of the ECT treatment administered to the patients.

Two studies researched to ascertain the efficacies of ECT augmentation by
grouping the patients into ECT and placebo-ECT groups [35, 27]. These studies
found that ECT-group patients demonstrated higher improvement in the
psychometric analysis. However, the resulting differences were not statistically
significant. In a comparative study Ravani¢ DB et al., 2009 [31] involving three
drugs, sulpiride, risperidone, and olanzapine, olanzapine augmentation showed the
highest improvement in outcome measures, with the highest reduction in PANSS
scores observed from 56.11 + 16.27 to 19.23 +5.19, post-treatment. The highest
degree of success of ECT augmentation therapy was reported by Chanpattana
et al., 1999 in open trials carried out in two phases, using ECT augmentation with
risperidone, with BPRS scores improving from 49.1 +9.6 at entry to 18.7 + 7.2 for
the responders, and 51.4 +9.4 to 21.7 + 17.7 for non-responder groups [38].
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Table 3. Systematic review of studies administering non-clozapine augmented with ECT.

Author
(Year, Place) + SD)

Chanpattana

et al. (2000,

Thailand)

Chanpattana

et al. (2000,

Thailand) =352+
8.2; 4ST =
335+74

Chanpattana  Responders

& Chakrab- = 31.9;

hand et al. Non-respon-

(2001, ders = 37.1

Thailand)

Age (mean Design

32.2 + 7.2 Open-label

trial

1ST* = 35.1 Randomized,
+ 8.3; 2ST double-blind

Clinical Trial

Number of Setting

patients

Total = 21 Inpatient
and Out-
patient

Total = 62; 1ST- NA

Remitter = 11;

Non-remitters =

10 2ST-Remitter

= 11;Non-remit-

ters = 10 4ST-

Remitter = 11;

Non-remitters =

9

Total = 293; Inpatient

Responder = and out-

160; Non- patient

responders =

133

General anesthesia,
electrode placement,
seizure threshold

General anesthesia, bi-
lateral electrodes, sei-
zure threshold: NA

General anesthesia, bi-
lateral electrodes, sei-
zure threshold: Baseline:
IST =75.4 +30; 2ST =
79.5 +23.4;4ST =81.2
+ 28.7 Tenth: 1ST =
184.3 + 95.2; 28T =
188.9 + 105.5; 4ST =
229.5 + 75.3 Increment:
1ST = 107.5 + 84.8;
2ST =108.8 + 111;4ST
= 147.8 + 86, empirical
titration technique

General anesthesia, bi-
lateral electrodes, Initial
seizure threshold: wom-
en: 93.6 + 32.3; men:
94.2 + 35.3; Respon-
ders: Women: 89.1 +
35.8; men: 92.2 + 37.0;
non-responders: women:
97.6 + 27.3; men: 90.6
+ 33.0; empirical titra-
tion technique

Duration of

Illness
(mean+ SD
in years)

10.8 £ 6.2

1ST = 15.7
+ 7.9; 28T

=140 +
7.3; 48T =
129 £ 5.5

Responders
= 11; Non-
responders
= 16.6

Dosage of Drug
(mg/day)

Flupenthixol =
12- 24

Flupenthixol 1ST
=229 +24;28
=231+22

4ST=123.1+£22

Flupenthixol 12
mg/day during
the first week
then increased to
24 mg/day.

Mean number of
treatments

114 +£5

At first improve-
ment: IST = 13.6 +
5.0;2ST =175+
38, 4ST =42 +
1.5 At the end of
the study: 1ST =
18.6 +5; 2ST =
12.5 + 3.8; 4ST =
92+ 15

Responders = 12.5;
Non-responders =
20.2

Scales
used for

Evaluation

Psychotic:

BPRS

Psychotic:

BPRS

Psychotic:

BPRS

Result

Overall improvement
was seen as BPRS score
were found to be re-
duced from 50.5 + 9.1
to 14.2 + 7.8 at the end
of Phase 2

Overall improvement
was seen as BPRS
scores for the three
groups 1ST, 2ST, & 4ST
were found to be re-
duced by 62.6%, 60.8%
& 65.6% from baseline
scores of 51.8 + 10.7,
487 +7.2 & 479 + 6.1
respectively.

Significant reduction
was observed in the
values of different
parameters of BPRS
profile. There was a
marked improvement in
positive symptoms, but
the negative symptoms
showed limited im-
provement.

(Continued)
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Table 3. (Continued)

Author Age (mean
(Year, Place) + SD)

Chanpattana  Responders
& Sackeim = 31.9;
et al. (2010, Non-respon-
Thailand) ders = 36.7
Goswami ECT =29.8
et al. (2003, + 8.54;
India) Sham-ECT
=29.1+57
Hirose et al.  29.5 + 8.959
(2001, Japan) (calculated)

Ravanic et al. Sulpiride =

(2009, 38.52; Ris-

Serbia) peridone =
33.30; Olan-
zapine =
33.6

Number of Setting
patients

Total = 253; Inpatient
Responders = and out-
138; Non- patient
responders =

115

Total = 25; ECT NA
+ Chlorproma-

zine = 15;
Sham-ECT +
Chlorpromazine
=10

Total = 10
(males only)

Inpatient

Total = 70; Sul- Outpatient
piride = 17;

Risperidone =

26; Olanzapine

=27

General anesthesia,
electrode placement,
seizure threshold

General anesthesia, bi-
lateral electrode, initial
seizure threshold:
responders: 94.5; non-
responders: 94.9, empir-
ical titration technique.

General anesthesia, Bi-
lateral electrode, seizure
threshold- 50 to 200%

Anesthesia: NA, bilater-
al electrode placement,
seizure threshold: NA

Anesthesia: NA, unilat-
eral electrode, seizure
threshold: NA

Duration of Dosage of Drug

Illness (mg/day)
(mean+ SD

in years)

Responders  Flupenthixol
=10.9; Responders =
Non- 21.5; Non-
Responders responders =
=16.2 22.1

ECT = 7.6; Chlorpromazine
Sham-ECT = 500 mg/day
=69

9.85 + 8.794 Risperidone =
(calculated)

culated)
Sulpiride Sulpiride =
group = 294.52; Risperi-
10.43; Ris- done = 6.32;
peridone Olanzapine =
group = 7.1; 6.82
Olanzapine
group =

Mean number of
treatments

Responders = 12.5;
Non-responders =
20.2

6.6 + 1.712 (calcu-

6.2 + 2.097 (cal- lated)

Sulpiride = 2.5;

Risperidone = 6.32;

Olanzapine = 6.82

Scales
used for
Evaluation

Psychotic:
BPRS

Psychotic:
BPRS

Psychotic:
BPRS

Psychotic:
PANSS

Result

Improvement in BPRS
scores was observed
with females showing
greater extent of im-
provement than males.

Both the groups showed
a reduction in the BPRS
scores with ECT group
showing the slightly
higher level of score
reduction, 44 + 7.6 from
55 + 7.2.CGI scores
improved only for the
ECT group from base-
line 4.9 to 4.13 in week
4. ECT + drug treatment
is better

A significant reduction
in the HS from the
baseline value of 6.6 +
0.16 to 1.1 + 0.1. PS
score reduced from 13.2
+26to4.1 +0.11.

The PANSS scores for
general psychopatholo-
gy reduced from 55.88
+ 14.28 to 25.13 + 6.03
for Sulpiride, 55.78 +
15.62 to 20.81 + 5.85
for Risperidone, and

(Continued)
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Table 3. (Continued)

Author Age (mean Design Number of Setting General anesthesia, Duration of Dosage of Drug Mean number of Scales Result
(Year, Place) + SD) patients electrode placement, Illness (mg/day) treatments used for
seizure threshold (mean+ SD Evaluation
in years)
9.08 (calcu- 56.11 + 16.27 to 19.23
lated) + 5.19 for Olanzapine.
As observed from the
score change, Olanza-
pine is the most effec-
tive of all the drugs.
Sarita et al. 18-45 Double-blind Total = 36; ECT NA NA > 2 Group 1: unilat- 3 Psychotic: There was a reduction in
(1998, India) + Drug = 24; eral ECT + halo- BPRS BPRS scores of the ECT
Sham ECT + peridol = 14.2 and Sham-ECT groups.
Drug = 12 mg; Group2: bi- However, not very sig-
lateral ECT+ nificant differences in
haloperidol = the treatment result were
14.6 mg; Sham observed.
ECT + Drug =
18.3
Chanpattana 32 + 6.4 Open trials PHASE 1 Total NA Anesthesia: NA, bilater- NA Phase 1 — Flu- 12.3 + 4.5 Psychotic:  Significant results were
& Kramer = 59; Respon- al electrode, seizure penthixol BPRS obtained regarding the
et al. (2003, ders = 52; Non- threshold: NA, titration 12 to 24 mg improvement of condi-
Thailand) responders = 7 tion. Reduction in BPRS
scores from Baseline =
48.5 +7.3 to Endpoint =
17.1 £ 9.9;
32 + 6.4 Open trial PHASE 2 Total NA Anesthesia: NA, bilater- 9.9 + 5.1 Phase 2 — Flu- 246 +24
= 52; Respon- al electrode, seizure penthixol
ders = 46; threshold: NA, titration 231 +22
Dropouts = 6
Chanpattana PHASE 1 PHASE 1 Total Inpatient General anesthesia, Bi- PHASE 1 PHASE 1- Flu- PHASE 1 Respon- Psychotic: PHASE 1 Reduction in
et al. (1999, Responders = 101; Respon- and out- lateral electrode seizure Responders penthixol ders = 13.9 + 4.8; BPRS the BPRS scores of
Thailand) =332+ ders = 58; Non- patient threshold: NA =124 + Responders = Non-responders = responders from base-
8.0; Non- responders = 43 6.7; Non- 21.0 + 4.2; Non- 20.4 + 0.8 line score of 49.1 + 9.6

to 18.7 + 7.2 at the end
(Continued)
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Table 3. (Continued)

Author Age (mean Design Number of Setting General anesthesia, Duration of Dosage of Drug Mean number of  Scales Result
(Year, Place) + SD) patients electrode placement, Illness (mg/day) treatments used for
seizure threshold (mean+ SD Evaluation
in years)
responders responders  responders = of phase I of the treat-
=38.6+72 =18.1+7.7 23.6 + 3.8 ment was observed.
ECT = 32.7 PHASE?2; Total Inpatient General anesthesia, Bi- ECT = 11.9 Phase 2 — ECT = Significant reduction in
+ 8.4; ECT = 45; ECT(I) = and out- lateral electrode seizure + 6.8 ECT 0; ECT + Flu- the BPRS scores was
+ drug = 15; patient threshold: NA + drug = penthixol = 22.0 observed in patients re-
36.7 + 8.2; ECT(I) + Flu- 13.7 +5.5; =+ 3.7; Flu- ceiving the combination
Drug =33 + penthixol = 15; Drug = 14.2 penthixol = 22.4 of drug and ECT, from
6.8 Flupenthixol + 64 + 2.7 44.9 + 8.2 at entry to
I = 15 16.7 + 5.9 at the end for
treatment I, 51.4 + 9.0
to 14.1 + 7.9 for treat-
ment II and 49.0 + 8.6
to 18.1 + 4.2 for treat-
ment III.
Sajatovic 28.9 + 7.6 Open trial Total = 9; ECT Inpatient Anesthesia: NA, Unilat- 10.4 + 3.8  Loxapine = 36.7 7.9 + 2.3 Psychotic: Change in BPRS score
et al. (1993, + Loxapine eral and bilateral elec-  (calculated) + 36.1 BPRS from baseline = 51.6 +
USA) Responders = 5; trode placement, seizure 12.7 to endpoint = 35.8
Non-responders threshold: NA + 9.7 in 5 patients. 4
=4 proved to be Non-
responders
Chanpattana  Responders  Open trial Total = 93; NA General anesthesia, bi- Responders Flupenthixol; Responders = 13.1 Psychotic: BPRS scores reduced by
et al. (2000, =324 + Responders = lateral electrode place- = 12.00 + Responders = + 4.3; Non-respon- BPRS 62.4 + 16.7% from an
Thailand) 7.9; Non- 56; Non-respon- ment, seizure threshold 6.4; Non- 22.8 + 2.7; Non- ders = 20.3 + 0.9 initial score of 48.7 +
Responders ders = 37 — based on Thymatron responders responders = 9.1.
=384+72 and MECTA default =18.0 +7.9 23.1 3.0
settings
Ukpong et al. ECT = 27.7 Double-blind Total = 20; ECT Inpatient General anesthesia, bi- ECT = 8.4  Chlorpromazine; 12 for both groups Psychotic: Reduction in BPRS
(2002, + 103 randomized 4+ Chlorproma- and out- lateral electrode place- + 9.19; ECT + Drug = BPRS scores occurred for both
Nigeria) Sham-ECT  control study zine = 11 (2);  patient ment, seizure threshold: Sham-ECT  306.5; Sham the groups- ECT + Drug
=243+55 Sham-ECT+ NA =5.0+6.0 — Baseline = 22.33 +

(Continued)
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Table 3. (Continued)

uofk1[oH

Author Age (mean Design Number of Setting General anesthesia, Duration of Dosage of Drug Mean number of Scales Result
(Year, Place) + SD) patients electrode placement,  Illness (mg/day) treatments used for
seizure threshold (mean+ SD Evaluation
in years)
Chlorpromazine ECT + drug = 7.83, Endpoint = 1 + 3;
=9(2) 285 Sham ECT + Drug—
Baseline = 19.43 +7.28,
Endpoint = 1.29 +3.42
Chanpattana  Weekly =  Open trial Total = 32; NA Anesthesia: NA bilateral Weekly =  Flupenthixol Weekly = 15 + 4.5; Psychotic: Reduction in BPRS
& Chakrab-  30.1 + 7.5; Weekly ECT = electrode, seizure 13.6 + 6.0; Weekly =21 + Biweekly =11 + BPRS scores of selected items
hand et al. Biweekly = 8; Biweekly threshold: NA, empiric Biweekly + 5.6; Biweekly = 3.7; Triweekly = of the rating scale, be-
(2001, 33 + 6.2; ECT = 17; Tri- titration method 11.7 £ 55; 222 +3.5;, Tri- 134 +£72 sides the positive and
Thailand) Triweekly = weekly ECT =7 Triweekly = weekly = 18.9 + negative symptoms.
287+ 7.3 7.7 +3.6 4.1

*Seizure Threshold.
*NA: not available.
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Table 4. Systematic review of studies administering clozapine augmented with ECT.

Author
(Year, Coun-
try)

Petrides et al.
(2015, USA)

Gray & James
et al. (1999,
UK)

Kho et al.
(2004,
Netherlands)

Masoudzadeh
et al. (2007,
Iran)

Kim et al.
(2017, Korea)

Benatov et al.
(1996, Israel)

Age (mean
years)

ECT+ Clo-
zapine =
35.7 £ 2.27,
Clozapine =
4278 + 1.82

30

43

Clozapine =
31; ECT =
33; com-
bined thera-
py =30

Female =
444 + 14.2;
Male = 34.0
+ 15.6

42.33 (cal-
culated)

Design

Randomized,
Controlled,
Single-blind,
Crossover tri-
al

Open-Label
Trial

Open-label
trial

Randomized
control trial
(Unblinded

study)

Retrospective
Case series
study

Case series

Number of
patients

Total = 39;
ECT+ clo-
zapine = 20;
clozapine =
19

Total = 6

Total = 11

Total = 18;
ECT = 6;
clozapine =
6; Clozapine
+ECT =6

Total = 7;
Female = 5;
Male = 2

Total = 3

Setting

Inpatient

Inpatient

Inpatient,
one pa-

tient was
outpatient

Inpatient

NA

Inpatient

General anesthe-
sia, electrode
placement, sei-
zure threshold

General anesthe-
sia, bilateral elec-
trodes, seizure
threshold: 5 to
60%

General anesthe-
sia, bilateral elec-
trodes, seizure
threshold: NA

General anesthe-
sia, Unilateral, lat-
er bilateral
electrodes, seizure
threshold: based
on age

Drug-induced se-
dation without
causing seizure,
Unilateral elec-
trode

General anesthe-
sia, bilateral elec-
trodes, seizure
threshold: NA

General anesthesia
NA, Bilateral
electrode

Duration  Dosage of

of Illness Drug (mg/day)
(mean

years)

pine = 525;
clozapine =
511.1
14.33 525
16.16 Nil
Nil 200
Female = Before ECT =
16.0 + 8.9; 350 + 146.5
Male = After ECT =
12.5 £ 10.6 260.7 = 95.6
During ECT
>350
23.33 (cal- 416.66 (calcu-
culated) lated)

> 2 ECT+ Cloza-

Mean num-
ber of treat-
ments

Randomized
phase = 15.8
+ 4.2; Cross-
over phase =
143 +53

12

12

13.4 +£ 4.6

14.33(calcu-
lated)

Scales
Used For
Evaluation

Psychotic:
BPRS

Psychotic:
BPRS

Psychotic:
PANSS

Psychotic:
PANSS

Psychotic:
PANSS

Psychotic:
BPRS &
PANSS

Inference

50% response rate was recorded, 40%
reduction of the symptoms, & 60%
response rate for the congenial response
criteria.

Improvement in BPRS from Baseline =
71 to Endpoint = 48

The PANSS scores reduced from 74.54 to
49.181

46% reduction in the PANSS score of
sham ECT group, 40% reduction in sham
clozapine group, and 71% reduction was
seen in the ECT + Clozapine group.
PANSS scores for the combination ther-
apy group reduced from 99 to 29, with p-
value 0.001.

Significant reduction in the mean PANSS
scores from 70.1 + 17.9 to 52.3 + 17.9;
One patient did not respond to ECT.

All the patients showed an overall
improvement in BPRS, PANSS as fol-
lows:

(Continued)
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Table 4. (Continued)
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Author Age (mean Design Number of Setting General anesthe- Duration Dosage of Mean num- Scales Inference
(Year, Coun- years) patients sia, electrode of Illness Drug (mg/day) ber of treat- Used For
try) placement, sei- (mean ments Evaluation
zure threshold years)
placement, Patient 1: BPRS — 68 to 39 PANSS —
Seizure threshold: 122 to 78 Patient 2: BPRS- reduced by
NA 40% from 75
PANSS- 125 to 72
Patient 3: Positive effect on symptoms
Frankenburg  37.66 + Open trial Total = 12  Inpatient General anesthe- 14.916 +  322.91(calculat- 10.08 + No scale  Improvement was reported in terms of the
et al. (1993,  8.731 (cal- Responders sia, unilateral 5.017 (cal- ed) 4.813 (calcu- was extent of clinical response. 3 patients
USA) culated) = 10; Non- electrode, stimulus culated) lated) reported. showed high response, 1 showed moder-
responders = to cause seizure ate response, 4 a minimal response, 2
2 for 30 —60 secs. minimal to no response, and 2 no
response.
Cardwell et al. 41.25 Retrospective Total =7; NA NA 1 year 580 21.6 Psychotic: BPRS scores improved by 26.9%
(1995, USA) chart review Male = 3; BPRS
Female = 4
Grover et al. 327 +64 Total = 11  Outpatient Anesthesia: NA, 123.4 + 339.8 +£ 120.8  12.81 + 6.6 Psychotic: PANSS scores reduced from baseline
(2015, India) Bilateral electro-  60.5 PANSS 77.1 + 15.1 to Endpoint = 52.8 + 9.6
des, seizure months

threshold: NA
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5.2. ECT augmentation of clozapine

All studies testing clozapine-augmented ECT-therapy found an improvement in
BPRS and PANSS scores, post-ECT augmentation treatment, and showed promising
results in stabilization of disabling symptom even in aggressive patients [41]. It was
also seen that clozapine administration produces only mild extra-pyramidal
symptoms, contrary to the belief that clozapine is a harmful drug with significant
side effects, resulting in its underutilization [6]. Similar insufficiency of life-
threatening side effects as a reason for rejection of clozapine have been demonstrated

by epidemiological studies carried out in the USA and Finland [42, 43].

5.3. Meta-analysis

The present meta-analysis drew its conclusions from pre- and post-treatment scores
of the psychometric scales, which were provided in only 13 studies out of the 23
studies. In these studies, the treatment was assessed using either BPRS or PANSS
scales. The analyses were conducted separately for clozapine and non-clozapine
studies, to compare treatment efficacy. Effect sizes were calculated in order to
determine whether clozapine and non-clozapine treatment regimens lead to
different results, with efficacy and sensitivity of the treatment calculated according
to Durlak et al., 2009 [44]. The larger the value of effect size, the larger the
difference in outcome, and the greater the efficacy of the superior regime. The
overall effect size (standard difference in means) for non-clozapine and clozapine
groups was 0.89 and 1.50, at 95% confidence interval respectively, as shown in
Fig. 2. This indicated the higher efficacy of combined clozapine and ECT
procedure in the treatment of schizophrenia, as compared to other antipsychotics.

Within-group analysis allowed the assessment of best possible methodology for the
treatment of treatment resistant schizophrenia. This was done by comparing the
within-group effect sizes, such that a large effect size indicated a larger
improvement from pre- to post-intervention test scores. In the non-clozapine
group, the tri-weekly ECT treatment accompanied with flupenthixol drug as
administered by Chanpattan et al., 2000 [40] was found to be the most effective
with an effect size of 1.78, p = 0.003 as shown in Fig. 2 (a). The study by Satajovic
and Meltzer et al., 1993 [32] in the clozapine group and Benatov et al., 1996 [45]
in non-clozapine group had higher values of effect size, 2.29 and 6.08, but a wide
confidence interval. Hence, these studies were concluded to be less precise [46].
Similarly, within the clozapine group of studies, the results from the study [41]
presented by the effect size of 2.09, p = 0.004, were found to represent the largest
effect size. The current metaanalysis included the administration of an average of

12 ECT treatments in participants, with a mean clozapine dosage of 525 mg/day.

Concerning heterogeneity studies, only the non-clozapine group of studies showed

evidence of heterogeneity. The value of I” statistic was 42.19, indicating moderate

http://dx.doi.org/10.1016/j.heliyon.2017.e00429
2405-8440/© 2017 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Study name Comparison Statistics for each study Std diff in means and 95% CI
Stddiff  Standard Lower Upper
inmeans  emor  Variance limit fimit Z-Value p-Value

James & Gray (1999)  Clozapine 209 0m 053 066 353 287 0004 ——
Kho et al (2004) Clozzpine 132 041 017 051 213 321 0001 =
Masoudzadeh et al (2007) Clozapine 19 070 049 061 338 28 0005 e
Km etal (2017) Clozapine 178 060 037 059 2% 293 0003 L o
Benatov et al (19%) Clozapine 6.08 32 975 003 1220 194 0051
Groweretd (2015 Clozapie 19 0% 013 048 191 32 000 %

15 02 005 106 194 673 0000 ¢

4.0 400 0.00 40 8.00
Treatment Ineffective Treatment Effective

Study name Comparison Statistics for each study Std diff in means and 95% CI

Suddiff  Standard Lower Upper

inmeans emor Variance limit limit ZValue pValue
Chanpattana (2000) Flupenthixl 0% 025 006 039 141 35 0000 &+
Goswari et a (2003) Chiorpromazine 08 02 005 03 127 3% 0000
Ravanic et al (2009) Olanzapine 1003 00 048 161 34 000 -+
Ravanic et al (2009) Rispendone 10023 00 04 161 34 000 E 3
Ravanic et al (2009) Sulpinde 102 02 009 043 161 341 000 -+
Chanpattanaetal (1999)  (Phase 1) Flupenthiol 052 004 002 025 080 375 0000 | ]
Chanpattanaetal (1999)  (Phase2Flupenthodl 100 032 040 045 174 3% 0001 -8-
Chanpattana & Kramer (2003)  Flupenthixol 052 013 001 024 079 375 0000 ]
Sajatovic (1%3) Loxapine 22 08 072 08 39 269 0007 —
¢ ) ) 102 03 009 043 161 341 0001 -+
( 2001)F 163 0% 02 057 268 302 0003 —
o )F (Tiwee) 178 060 037 059 2% 29 0003 ——

089 010 001 068 109 844 0000 ]
30 400 0.00 ] 800
(b) Treatmentineflectve  Treatmeat Eflective

Fig. 2. Forest plot for (a) Non Clozapine plus ECT and (b) Clozapine plus ECT treatment efficacies
respectively.

heterogeneity among the studies [47]. Publication bias was tested, and the funnel
plot was obtained as shown in Fig. 3 and Fig. 4. The plot for the non-clozapine
group was asymmetrical as shown in Fig. 3, and the Begg Mazumdar (Kendall’s
tau = 0.98, p = 0.00) and Egger’s rank test (intercept = 2.80, p = 0.00) indicated
the presence of bias.

However, the clozapine group of studies did not demonstrate heterogeneity (I* =
0), indicating that the studies showed similar intervention effects. Following
similar methodology, publication bias was assessed with a funnel plot as shown in
Fig. 4. The plot was asymmetrical, and again, the Begg-Mazumdar (Kendall's tau
= 0.93, p = 0.004) and Egger's rank test (intercept = 1.97, p = 0.00) indicated the
presence of bias. Sensitivity analysis was carried out for both groups of studies
separately, and no significant change in the overall effect size was observed. Hence
the results could be regarded with high certainty [47].

http://dx.doi.org/10.1016/j.heliyon.2017.e00429
2405-8440/© 2017 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Fig. 4. Funnel Plot for Publication Bias in Clozapine group of studies.

5.4. Side effects of ECT

ECT can be very effective in treating many psychiatric conditions, but there are
potential concerns regarding its more adverse effects, ranging from cognitive
effects, prolonged seizures, alterations in blood pressure, and cardiovascular
complications. Earlier in its history, ECT was administered without anesthesia;
later anesthesia was added to it in order to reduce its side effects, such as muscle
damage and bone fractures. Also, back in the beginning, sine-wave electrical
current ECT devices were the most commonly used ones. However, because of
their cognitive side effects, for example, memory impairment, the American
Psychiatric Association eventually considered this type of ECT unjustified [48],
and now it is recommended to use brief-pulse wave as the standard ECT treatment
[48, 49]. Despite concerns regarding the safety of ECT, the majority of studies
from this meta-analysis didn't observe the occurrence of any significant adverse
effects with combination treatment [11, 13, 16, 30, 31, 32, 34, 50]. Conversely, a

Funnel Plot of Standard Error by Std diff in means
0.0

0.2

04

0.6 o)

Standard Error

0.8

1.0

-3 -2 -1 0 1 2 3

Std diff in means

Fig. 3. Funnel plot for Publication bias in Non-Clozapine group of studies.
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few studies did report potential side-effects from ECT [22]. Grover et al., 2015
reported that two of its study participants developed prolonged seizures, and one
patient developed a transient rise in blood pressure [29]. Another study also
reported that patients with ECT treatment developed seizures [33]. Still another
study reported a higher incidence of a headache and memory impairment in
subjects who received ECT [14].

6. Discussion and conclusion

Treatment Resistant Schizophrenia (TRS) is defined as schizophrenia cases where
there have been at least two failed treatment trials with antipsychotic medications
administered with a minimum duration and dosage [51]. A patient is found to have
treatment-resistant schizophrenia when (1) there are at least three periods of
treatment in the preceding 5 years with neuroleptic agents (belonging to two
different chemical classes) at dosages equivalent to or greater than 1000 mg/day of
chlorpromazine for a period of 6 weeks, each without significant symptomatic
relief, and (2) no period of good functioning within the preceding 5 years. The
present meta-analysis aimed to determine whether clozapine in conjunction with
ECT was more effective than other typical and atypical antipsychotics in
conjunction with ECT in the TRS population. The results of the meta-analysis
demonstrate that clozapine is significantly more effective than chlorpromazine,
although there are concerns about the heterogeneity of the literature, and evidence
of publication bias. This analysis is unique in that it has compared different groups
of antipsychotic drugs used for schizophrenia treatment by utilizing pre- and post-
treatment self-report scores of function and not just the proportion of patients
showing improvement as a study done by Lally et al., 2016 [15]. The analysis of
scores produced significant information with respect to the degree of relief
provided by the treatment design during the course of procedure. It also allowed for
intra- and inter-class comparison of the non-clozapine and clozapine drugs
respectively. This inter-drug comparison found clozapine to be more effective in
treating schizophrenia symptoms. This is in-line with previous research [15, 52,
53]. It was also seen that, among the non-clozapine groups, flupenthixol was most
frequently used, and was found to be the most efficient in relieving treatment-
resistant schizophrenia, when augmented with ECT. Previous analyses and studies
[14, 54] have focused on the comparison of treatment and control groups, with
respect to a specific drug class, and this has led to the ignorance and exclusion of
other important information generated by the open trials. Hence, the comparison of
the results produced by these other studies, directed towards relieving the
symptoms of treatment-resistant schizophrenia as researched in this present study,
not only identified the superior drug for treatment, but also allowed identification

of the most effective drug within the different classes.
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6.1. Limitations

The current meta-analysis has benefited from access to a large sample size derived
from studies of acceptable quality. However, there are still limitations to the scope
of this work which would benefit from being expanded in future research. The first
limitation was the methods used in measuring efficacy of the treatment regimes.
The decision to use pre/post survey data led to some of the studies necessarily
being excluded, as this data did not match their design. Future research would
benefit from devising scoring systems which include these studies. The systematic
review also revealed that there was a lack of RCTs conducted using
pharmaceutically augmented ECT regimes. The present metaanalysis included
published literature up to March 2017. The latest published retrospective case
series study by Kim et al., 2017 [11], was found eligible for the study. However,
the dearth of RCTs studies, which led to reliance on open-label trials, subsequently
introduces the possibility of bias due to lack of randomization blinding.
Heterogeneity in the literature also limited the findings of this current study.
Particularly within the non-clozapine trials, methodological differences were
commonplace. This makes drawing inferences difficult, but no less important.
Future assessments would benefit in further expanding the literature in non-
clozapine-augmented ECT studies, even expanding upon the findings of
Chanpattana et al., 2010 [36], which found gender differences in the efficacy of
flupenthixol. Furthermore, only studies published in English were considered for
analysis. Research conducted in other languages would not doubt contribute
significantly to the knowledge base around this subject. The authors encourage any
researchers with findings in another language to present or publish them.
Translation was considered for the current study, but the risk of introducing errors

into the data was considered too great.

6.2. Implications of the research

The conclusions and limitations of the present research provide fertile ground for
future research. The absence of a large field of RCT’s on this subject is a
significant limitation to informed clinical practice, and considering the efficacy
demonstrated in the current meta-analysis, future work in this area would seem
worthwhile. ECT has a controversial history. But in light of its potential in
treatment-resistant conditions of many kinds, including schizophrenia, coupled
with the current lack of understanding of its various mechanisms of action and
outcomes, further, more in-depth research is likely to provide patients with

significant benefits.

It is recommended that clozapine be utilized as the “gold-standard” antipsychotic
medication in conjunction with ECT. Any future trials should seek to test

ECT-augmented antipsychotic therapy both against a placebo control, and a
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gold-standard therapy. Both superiority and non-inferiority trials would be of value
because clozapine has a significant side-effect profile, and is, despite its benefits,
still not prescribed by many psychiatrists [55].

Identification of the most efficacious combination therapy and assessment of how
well these therapies are tolerated could lead to improvements in both the quality of
life and compliance for patients currently experiencing poor outcomes. Although
this metaanalysis has provided significant new information suggesting a new first-
line treatment, the body of research in this field continues and should continue to
grow, with further analyses being conducted to update its findings. Assessment of
long-term studies focusing on compliance, long-term side-effect profiles, and
symptom-management will inform treatment recommendations in a way that was,

unfortunately, not possible in the present analysis.

Future trials could improve on the current literature by increasing duration of
follow-up assessment. Concerns of consent rates and patient attitudes towards ECT
are also of concern. Specific programs designed to better explain and address
concerns about this procedure would likely improve consent, compliance, and

retention.
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