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INTRODUCTION

Electroconvulsive therapy (ECT) has been known as an ef-
fective and safe treatment of major psychiatric disorders since 
it was introduced in 1938.1,2 Recently, ECT has received re-
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newed attention due to the development of ECT technology 
and the increasing limitations of psychotropic drugs.3,4 More-
over, high relapse rates5,6 and cognitive adverse events,7 pre-
viously presumed to be associated with ECT, have been effec-
tively addressed through application of maintenance treatment 
(M-ECT), combination with psychotropic drugs, and optimi-
zation of ECT.8,9

Clozapine is known to be the most effective drug for treat-
ment-resistant schizophrenia (TRS), a clinical-based concept 
with various operating criteria,10 but 40% to 70% of patients 
with TRS do not respond to clozapine,11-14 so called clozapine-
resistance.15 To overcome clozapine-resistance, a number of 
adjunctive approaches including pharmacological and non-
pharmacological options have been attempted, but the results 
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have been only modest or equivocal,16-20 except ECT augmen-
tation with high response rates.21,22 Recent studies including 
case reports,23-25 open-label studies,8,26 meta-analyses,27-29 re-
views,13,28,30,31 and randomized controlled trial22 demonstrated 
that ECT augmentation on clozapine has shown clinical im-
provement in 47.4–72.7% of patients with clozapine-resistant 
schizophrenia,13,26,28,32,33 though the majority of current reports 
are derived from a small number of patients and short-term 
observation.29 Therefore, to further ensure the efficacy of ECT 
augmentation in patients treated with clozapine, it is neces-
sary to rule out possible pseudo-resistance to clozapine,14,17,19,22 
such as plasma clozapine concentrations greater than 350 ng/
mL34 and a longer period of time for the clozapine response 
than generally recommended 4 to 6 weeks of administration 
to assess the acute response of other antipsychotics.8,9,14,29,32 
And the cognitive function carried out from weeks to months 
after receiving ECT to track the adverse events should be eval-
uated.29,35 In addition, the research is required to determine 
whether the ECT augmentation on clozapine in Asian patients 
with treatment-resistant schizophrenia has the same effect 
over racial differences.8,36-38

An acute course of ECT is beneficial for relieving psychiat-
ric symptoms,39 but the relapse rate is relatively high after the 
end of ECT, mainly reported in mood disorders.40,41 Conflict-
ing results of ECT for the treatment of schizophrenia39 and 
scarce evidence regarding adjunctive option for clozapine-re-
sistant patients19 have been reported. 1-year relapse rate was 
reported of 42.7–63.6% in patients with schizophrenia, mostly 
recurred within first 6 months.42,43 The propensity for relapse 
increases especially when ECT is abruptly terminated after 
reaching a remission.44 The maintenance treatment after acute 
ECT has been recommended to maintain clinical remission, 
prevent relapse, and improve quality of life,5,14,22,35,39,45,46 but 
there are no predictive clinical data such as indications, dura-
tion of treatment, etc. of patients in need of maintenance 
treatment. 

This naturalistic observation study as an extension of our 
previous study32 aimed to investigate the effectiveness and 
tolerability of the combination of ECT and clozapine in Ko-
rean patients with treatment-resistant schizophrenia. In this 
study, we have increased the number of patients in order to 
be able to identify clinical variables associated with ECT effi-
cacy. We explored the demographic and clinical characteristics 
in patients combined with ECT and clozapine in comparison 
with those treated with clozapine only as an open comparator. 
We further investigated the differences in various psychotic 
symptoms in response to ECT and explored the predictive vari-
ables associated with M-ECT in maintaining improved psy-
chotic symptoms induced by acute ECT.

Methods

Subjects
Patients who were diagnosed with schizophrenia in accor-

dance with the DSM-IV-TR criteria, between the ages of 20 
and 65 years, and treated with clozapine were identified in the 
electronic medical records (EMR) of Dongguk University In-
ternational Hospital from March 2012 to December 2016. Pa-
tients who were treated with clozapine for at least 12 weeks 
and simultaneously maintained plasma clozapine levels of 
greater than 350 ng/mL regardless of ECT augmentation dur-
ing the observation period were selected. Among the patients 
presented in our previous study,32 patients who met inclusion 
criteria were included. Patients who had comorbid physical 
illnesses, substance addiction, IQs less than 80, or inadequate 
clinical information were excluded. 

Methods
Demographic and clinical information including the his-

tory of antipsychotic treatment and ECT were collected in 
the EMR. The ECT augmentation on clozapine for individual 
patients had been determined by charged board certified 
psychiatrist. The reasons for the ECT recommendation were 
due to insufficient clinical efficacy and intolerance to current 
clozapine treatment. ECT for individual patients had been ap-
proved by the ad hoc committee in accordance with legal pro-
cedures prior to ECT application. 

Psychotic symptoms were assessed by the Positive and Neg-
ative Syndrome Scale (PANSS). To explore the effectiveness 
and tolerability of ECT in patients treated with clozapine, the 
PANSS and daily doses and plasma levels of clozapine evalu-
ated on the same day immediately before and after the acute 
course of ECT were collected. The PANSS were explored with 
Kay’s model47 of three subscale factors such as positive symp-
tom, negative symptom, and general psychopathology and 
with Tuinier’s cognitive domain,48 which was derived from 
the sum of 9 items in the PANSS. Adverse events and cogni-
tive effects that might be caused by ECT were collected from 
progress notes during the observation period by MMSE-KC. 
This study proposal was approved by the Institutional Re-
view Board of Dongguk University International Hospital 
(2015-05).

ECT procedures
As the index ECT, the acute course of ECT was performed 

three times a week initially, and then decreased to twice per 
week later according to the patient’s condition. The bilateral 
electrode placement and brief pulse stimuli (800 mA; 0.5 ms) 
with a MECTA spECTrum 5000Q (MECTA Corp, Lake Os-
wego, OR, USA) were applied. We used our own stimulus ta-
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ble which was modified from the stimulus tables of Coffey et 
al.,49 Seoul National University Hospital (2012), and the ECT 
program (2015) at Western Psychiatric Institute and Clinic of 
the University of Pittsburgh Medical Center. To identify ini-
tial seizure threshold at the first session, an upward titration 
method was applied. The ECT procedure under anesthesia 
and muscle relaxation was described in detail in our previous 
report.32 

Statistical analysis
Nominal data, such as the age, duration of illness, PANSS, 

and clozapine data, were analyzed by paired t-test and t-test 
according to the comparison groups. The sex ratio and pres-
ence of family history were calculated by chi-square test. The 
effect sizes for the mean differences between the PANSS total 
and subscale scores before and after ECT were calculated to 
compare the degree of difference among the PANSS subscale 
factors using Cohen’s d.50 The difference in demographic and 
clinical characteristics between the groups receiving M-ECT 
and those not was statistically determined by Mann-Whitney 
U test. Statistical significance was set at a p-value of less than 
0.05. All statistical analyses were performed using SPSS ver. 
23.0 for Windows (IBM Corp., Armonk, NY, USA). 

Results

Demographic characteristics
During five-year observation period, thirty patients were 

satisfied with the inclusion criteria for plasma clozapine con-
centrations of greater than 350 ng/mL and the duration of 
clozapine administration for at least 12 weeks after excluding 
patients who met the exclusion criteria. Among them, fourteen 

patients received in the ECT augmentation (ECT group) and 
remaining sixteen were treated with clozapine alone with no 
ECT (non-ECT group) (Table 1). We included seven patients 
presented in our previous study32 because they all met inclusion 
criteria. There was no significant difference in demographic 
characteristics and clinical information between two groups. 

Among fourteen patients, thirteen were followed up until 
the end of pre-determined observation period of five years and 
one patient who stopped visiting the hospital during the ob-
servation period was excluded from the long-term follow-up. 
Six (46.2%) patients continued maintenance treatment com-
bined with clozapine and seven (53.8%) were treated with clo-
zapine alone with no additional ECT. 

Sessions and parameters of ECT
The mean session number and duration of acute ECT were 

14.9±4.6 and 44.9±15.4 days, respectively. The mean electri-
cal charges were 147.4±69.7 mC as the initial seizure thresh-
old and 236.9±142.4 mC at last session of acute ECT (t=2.35, 
p=0.035, by paired t-test). The total charge and total seizure 
duration in average were 2,981.2±2,029.6 mC and 687.4±296.6 
seconds, respectively. There was no gender difference based 
on ECT parameters. 

Clozapine dosages and plasma levels 
The mean clozapine dose of 367.9±125.7 mg in the ECT 

group before ECT was not significantly reduced to 292.9±81.1 
mg after ECT but was statistically different from 265.6±60.5 
mg in the non-ECT group (t=2.90, p=0.007 by t-test) (Table 2). 
However, the mean clozapine dose after ECT in the ECT group 
was not different from that in the non-ECT group.

The mean plasma clozapine level of 628.8±182.2 mg before 

Table 1. Demographic characteristics and clinical information of the ECT and the non-ECT groups in patients with clozapine-treated schizo-
phrenia

ECT group (N=14) Non-ECT group (N=16) t (χ2) p
Age (yr) 36.6±12.5 33.7±8.1 0.78 0.445
Education (yr) 14.0±2.2 14.4±2.1 -0.56 0.583
Sex (male, N) 7 8 0.00 1.000
Family history (yes, N) 7 4 2.01 0.156
Illness duration (yr) 14.3±8.1 15.1±6.5 -0.33 0.745
Clozapine duration (yr) 6.0±5.2 6.8±4.7 -0.48 0.634
PANSS

Kay’s 	 Total score 101.7±13.9 76.6±10.1 5.74 <0.001
	 Positive symptom 26.5±3.7 19.9±3.8 4.78 <0.001
	 Negative symptom 26.4±7.6 20.1±3.2 3.07 0.005
	 General psychopathology 48.8±6.3 36.6±5.6 5.63 <0.001
Tuinier’s cognitive domain 30.1±5.7 21.4±3.4 5.17 <0.001

Numbers are mean±SD. t-tests and chi-square tests were conducted. PANSS: Positive And Negative Syndrome Scale, ECT: electroconvulsive 
therapy
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ECT was significantly decreased to 518.2±203.1 mg after ECT 
(t=-2.16, p=0.049 by paired t-test), but both levels were not sta-
tistically different from 580.1±187.7 mg in the non-ECT group 
(Table 2). 

PANSS changes 
The mean PANSS total score was significantly reduced 

from 101.7±13.9 to 82.7±13.5 points (t=-7.21, p<0.001 by paired 
t-test) which was reduced 19.0±9.9 points in average by ECT 
(Table 3). The mean reduction rate was 18.5±8.3%. Six (42.9%) 
of fourteen patients were in clinical remission as defined by a 
20% reduction in the PANSS score by 1–7 scoring system. The 
subscale factors adopted from the model of Kay et al.47 and 
Tuinier’s cognitive domain showed that all factors were sig-
nificantly reduced by the index ECT, among which the nega-
tive symptom was the least. The effect sizes of the mean differ-
ence between before and after ECT were -1.213 for PANSS 
total score, -1.598 for positive symptom, -0.548 for negative 
symptom, -1.579 for general psychopathology, and -0.991 for 
Tuinier’s cognitive domain.

The mean PANSS total score before ECT was also signifi-
cantly different from 76.6±10.1 points in the non-ECT group 
(t=5.74, p<0.001 by t-test) (Table 3). All subscale factors of 
positive symptom (t=4.78, p<0.001 by t-test), negative symp-
tom (t=3.07, p=0.005 by t-test), general psychopathology (t= 
5.63, p<0.001 by t-test), and cognitive domain (t=5.17, p<0.001 
by t-test) were significantly higher in the ECT group than in 
the non-ECT group. However, statistical differences were 
found only in general psychopathology (t=2.11, p=0.022 by 

t-test) and cognitive domain (t=2.14, p=0.042 by t-test) after 
ECT in the ECT group in comparison with the non-ECT group 
(Table 3).

Long-term follow-ups after the index ECT 
Thirteen of fourteen patients continued to visit the hospital 

for follow-up after the index ECT until the end of pre-deter-
mined observation period on 31 December 2016. Six patients 
(46.2%) continued ECT with the mean session number of 
36.0±23.3 in a mean period of 675.8±498.5 days (120–1,351 
days) after the index ECT during the observation period. The 
maintenance treatment of ECT continued regularly at least 
once every 1 to 4 weeks or intermittently whenever symptoms 
worsened as an acute or rescue ECT together with clozapine 
treatment during the observation period. The remaining sev-
en patients (53.8%) had treated with clozapine alone and did 
not have further additional ECT until the end of observation 
period.

Differences between patients who continued M-ECT and 
who did not were explored to identify clinical variables for 
predicting the need for M-ECT. However, demographic char-
acteristics such as mean age, years of education, duration of 
illness and changes on clinical variables such as duration of 
clozapine administration, dose of clozapine, plasma clozapine 
levels, PANSS scores were not different between two groups 
(Table 4).

Adverse events
There was no sustained severe adverse event related to ECT 

Table 2. Mean daily dose and plasma levels of clozapine in ECT and non-ECT groups in patients with clozapine-treated schizophrenia

ECT group (N=14) Non-ECT 
group (N=16)

Before vs. after ECT Before vs. non-ECT After vs. non-ECT
Before ECT After ECT t p t p t p

Clozapine dose (mg) 367.9±125.7 292.9±81.1 265.6±60.5 -1.94 0.074 2.90 0.007 1.05 0.302
P-clozapine (ng/mL) 628.8±182.2 518.2±203.1 580.1±187.7 -2.16 0.049 0.72 0.478 -0.87 0.393
Numbers are mean±SD. t-tests and paired t-tests were conducted. P-clozapine: plasma clozapine, ECT: electroconvulsive therapy

Table 3. PANSS subscale factors in ECT and non-ECT groups in patients with clozapine-treated schizophrenia

ECT group (N=14) Non-ECT 
group (N=16)

Before vs. after ECT Before vs. non-ECT After vs. non-ECT
Before ECT After ECT t p t p t p

Kay’s
Total score 101.7±13.9 82.7±13.5 76.6±10.1 -7.21 <0.001 5.74 <0.001 1.43 0.165
Positive symptom 26.5±3.7 19.9±4.1 19.9±3.8 -5.68 <0.001 4.78 <0.001 -0.01 0.995
Negative symptom 26.4±7.6 22.4±6.8 20.1±3.2 -3.84 0.002 3.07 0.005 1.21 0.236
General psychopathology 48.8±6.3 40.4±4.2 36.6±5.6 -6.37 <0.001 5.63 <0.001 2.11 0.022

Tuinier’s
Cognitive domain 30.1±5.7 24.9±5.6 21.4±3.4 -3.66 0.003 5.17 <0.001 2.14 0.042

Numbers are mean±SD. t-tests and paired t-tests were conducted. PANSS: Positive And Negative Syndrome Scale, ECT: electroconvulsive 
therapy
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or general anesthesia, except mild postictal agitation, head-
ache, and nausea that were successfully managed with con-
ventional interventions and/or benzodiazepines within a few 
minutes or hours. The MMSE-KC scores were able to obtain 
in only seven patients both at the before and after index ECT 
among fourteen patients. The mean scores of MMSE-KC be-
fore and after the index ECT were 24.9±3.4 and 27.4±1.8, re-
spectively, and there was no statistical difference. In addition, 
there was a significant improvement in Tuinier’s cognitive do-
main of the PANSS (t=-3.66; p=0.003; by paired t-test) (Table 3).

Discussion

This naturalistic observation study of the ECT effects was 
conducted in patients with persistent severe psychotic symp-
toms despite long-term clozapine treatment who could be 
strictly defined as clozapine-resistance excluding possible 
pseudo-resistance to clozapine. Including patients in our pre-

vious study,32 we further investigated demographic and clini-
cal characteristics of patients combined ECT and clozapine 
compared to patients treated with clozapine only, differences 
in psychotic symptoms responding to ECT, and the need and 
effectiveness for M-ECT. Individual patients were reviewed 
by the ad hoc committee on the indications of ECT, such as 
insufficient responses and intolerance to current clozapine 
treatment. 

This study demonstrated that an acute course of ECT rap-
idly and substantially reduced psychotic symptoms without 
observable serious or adverse events in patients with clozap-
ine-resistant schizophrenia. Of thirteen patients followed up 
for an average of 665.2±441.0 days after the index ECT until 
the end of the pre-determined observation period, seven pa-
tients (53.8%) maintained clozapine treatment without addi-
tional ECT. 

The mean total score and all subscale factor scores of the 
PANSS before ECT in the ECT group were significantly high-
er than those in the non-ECT group, suggesting that patients 
with severe psychotic symptoms despite clozapine treatment 
tended to receive the augmentation of ECT in this study. Fa-
rooq et al.15 proposed 3 subgroups based on antipsychotic 
treatment response: antipsychotic-responsive, clozapine-re-
sponsive, and clozapine-resistant. Clozapine-resistance showed 
a suboptimal response to clozapine and had a paucity of ef-
fective intervention. In this study, the response rate by acute 
ECT in patients with clozapine-resistant schizophrenia was 
42.9% (6 of 14 patients) when applying the 1–7 scoring system 
based on the traditional criteria of 20% reduction in psychotic 
symptoms. This rate appears to be somewhat lower than the 
previously reported response rate of 47.4% to 72.7% in combi-
nation with clozapine and ECT.13,26-28 However, most reports 
did not mention the scoring system of the PANSS.32,51,52 If the 
0–6 scoring system is applied to the present study, the re-
sponse rate is 71.4% (10 of 14 patients). This finding obtained 
after excluding pseudo-resistance to clozapine supports pre-
vious reports that ECT augmentation is highly effective in 
patients with schizophrenia who had insufficient responses 
to clozapine. However, the remission rate was still limited and 
the response to ECT was not consistent with individual pa-
tients. In this study, the PANSS total score after acute ECT de-
creased to a statistically insignificant level compared with the 
non-ECT group, but it was not reached below the cut-off score 
for treatment-resistance.10,53 

Most current studies22,32,54,55 have demonstrated that ECT 
augmentation have little or the least meaningful improvement 
of negative symptom as measured by the PANSS. This study 
showed a statistically significant decrease of negative symp-
tom by acute ECT, but the effect size was the lowest among 
PANSS total and subscale factors. Taken together, the effect on 

Table 4. Comparison of demographic characteristics and clinical 
information between groups with and without maintenance ECT 
in patients with clozapine-resistant schizophrenia

With  
maintenance 
ECT (N=6)

Without  
maintenance 
ECT (N=7)

Age (yr) 34.3±8.2 37.1±16.2
Sex (male/female, N) 2/4 5/2
Eduction (yr) 14.0±2.5 14.3±2.1
Illness duration (yr) 14.0±8.1 13.6±9.0
Clozapine duration (yr) 8.0±6.4 4.8±4.0
Clozapine dose before ECT (mg) 329.2±66.0 421.4±149.6
Clozapine dose after ECT (mg) 308.3±40.8 292.9±105.8 
P-clozapine before ECT (ng/mL) 694.0±231.4 552.6±113.4
P-clozapine after ECT (ng/mL) 648.6±199.8 429.3±160.2
PANSS score before ECT

Total score 100.5±13.4 99.1±12.6
Positive symptom 26.0±3.6 26.1±3.6
Negative symptom 24.8±7.8 26.6±7.7
General psychopathology 49.7±5.2 46.6±6.3
Tuinier’s cognitive domain 28.0±5.2 30.6±5.4

PANSS score after ECT
Total score 84.3±17.4 79.4±9.9
Positive symptom 20.7±5.1 18.9±3.3
Negative symptom 22.8±8.3 21.4±6.2
General psychopathology 40.8±4.8 39.1±3.2
Tuinier’s cognitive domain 24.2±6.7 25.1±5.2

Numbers are mean±SD. There was no difference between two groups 
by Mann-Whitney U test. P-clozapine: plasma clozapine, PANSS: 
Positive And Negative Syndrome Scale, ECT: electroconvulsive 
therapy
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the negative symptom from ECT in this study may not be fun-
damentally different from most studies in which ECT augmen-
tation on clozapine in other races does not lead to improve-
ment of negative symptom and/or negative type.22,55,56 However, 
an extended observation period and/or more ECT sessions 
will be needed to determine whether improvements in nega-
tive symptoms and/or negative type can be expected with the 
augmentation of ECT on clozapine in patients with treatment-
resistant schizophrenia.

The long-term observation of thirteen patients after acute 
ECT showed two clinical courses in general. Six patients (46.2%) 
continued M-ECT and clozapine treatment, and the other sev-
en (53.8%) were treated with clozapine alone without additional 
ECT. This suggests that not all patients need M-ECT to main-
tain improved psychotic symptoms if clozapine treatment is con-
tinued after acute ECT and the relapse rate is no more than 
46.2%, which supports that the relapse rate is less than 63% 
within one month after the discontinuation of ECT as previous-
ly reported.26 The long-term observation of thirteen patients.

One of the main concerns about ECT has been the cognitive 
adverse events. We presented the MMSE-KC in only seven pa-
tients, at immediate before ECT and after ECT with no statis-
tically significant difference. Although it certainly could not 
replace formal neuropsychological test,48,56,57 we assumed that 
Tuinier’s cognitive domain consisting of nine items in the PANSS 
could provide the collateral information of the presence of cog-
nitive impairment because it was generated from items pos-
sibly related to neuropsychological measures.48,56 And we ob-
served that ECT augmentation improves the Tuinier’s cognitive 
domain by the index ECT,35 otherwise at least ECT augmen-
tation would not induce observable cognitive impairment at 
follow-up observation.

Several limitations to this study should be considered. First, 
this investigation was a naturalistic observation study that drug 
variables, including other psychotropic medication, were not 
controlled during acute ECT. Second, cognitive functions af-
ter ECT were not explored intensively with a full neurocog-
nitive battery. Third, the long-term follow-up evaluation after 
ECT is needed to answer the efficacy of ECT augmentation and 
the need of maintenance treatment in patients with clozapine-
resistant schizophrenia. Despite these limitations to the inter-
pretation and generalizability, the results in this study strong-
ly suggest that the ECT can mobilize other mechanisms of 
action which could not explained the therapeutic effects of clo-
zapine alone.9 ECT augmentation on clozapine would be a fa-
vorable option for the treatment of clozapine-resistant schizo-
phrenia. 

In conclusion, this study validated the efficacy of ECT aug-
mentation in patients with clozapine-resistant schizophrenia 
with no clinically meaningful cognitive adverse events. No clin-

ical predictive variables were found in this study to distinguish 
patients who need maintenance treatment after acute ECT to 
maintain clinical remission and prevent relapse. ECT augmen-
tation on clozapine did not show sufficient effects on nega-
tive symptoms and did not reach below the cut-off scores for 
treatment-resistance, so that more attention should be paid 
to further improving the response.
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