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Objective This retrospective case series study of the effectiveness of electroconvulsive therapy (ECT) augmentation on clozapine-re-
sistant schizophrenia was conducted by EMR review.

Methods Clozapine-resistance was defined as persistent psychotic symptoms despite at least 12 weeks of clozapine administration
with blood levels over 350 ng/mL in order to rule out pseudo-resistance. Seven in-patients who were taking clozapine and treated with
ECT were selected. We analyzed the psychopathology and subscales changed by ECT.

Results The average number of ECT sessions was 13.4 (14.6). Total Positive and Negative Syndrome Scale (PANSS) score was signifi-
cantly reduced by 17.9 (+12.8) points (p=0.0384) on average, which represented a reduction of 25.5% (£14.3). 71.4% (5/7) of patients
were identified as clinical remission, with at least a 20% reduction in PANSS score. PANSS reduction was associated with number of
ECT sessions, stimulus level in the final session, and blood clozapine levels before ECT. However, the negative subscale on the PANSS
were not reduced by ECT in any patient. We did not observe any persistent adverse cognitive effects.

Conclusion This study supports that ECT augmentation on clozapine-resistant schizophrenia reveals clinically effective and safe. Fur-
ther research should be done involving a larger number of patients to investigate the effectiveness of clozapine/ECT combination therapy.
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INTRODUCTION

Though clozapine is the gold standard for the treatment of
patients with antipsychotic-resistant schizophrenia, who rep-
resent as many as 20% to 30% of patients with schizophre-
nia,"” clinical symptoms persist in approximately 40 to 70% of
clozapine users even after one year of medication.** For clo-
zapine-resistant schizophrenia, a variety of pharmacological
and non-pharmacological approaches, including electrocon-
vulsive therapy (ECT), have been tried as adjunct therapies.®
The reported advantages of various psychotropic drugs that is

Received: December 7,2015 Revised: March 31, 2016
Accepted: April 11,2016 Available online: July 11, 2016

4 Correspondence: In Won Chung, MD, PhD

Department of Psychiatry, Dongguk University International Hospital, 27
Dongguk-ro, Ilsandong-gu, Goyang 10326, Republic of Korea

Tel: +82-31-961-7231, Fax: +82-31-961-7236, E-mail: ciw@duih.org

@ This is an Open Access article distributed under the terms of the Creative Commons
Attribution Non-Commercial License (http://creativecommons.org/licenses/by-
nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduc-
tion in any medium, provided the original work is properly cited.

58 Copyright © 2017 Korean Neuropsychiatric Association

the most frequently attempted strategy have been known as
modest or equivocal.”® ECT augmentation has been continued
ever since the re-introduction of clozapine in the 1990s" and
the effectiveness of ECT in patients on clozapine has been re-

+1 a5 well as in

ported in two randomized controlled studies,
case reports and open trials.>'>" These studies consistently
demonstrated favorable clinical effects and safety. In studies
including a meta-analysis, 47.4-72.7% of patients with clozap-
ine-resistant schizophrenia experienced clinical improvement
after ECT.**** Further studies are required to validate the use-
fulness of ECT in clozapine-resistant schizophrenia.®
Clozapine resistance is defined as the persistence of psy-
chotic symptoms even after at least 12 weeks of clozapine ad-
ministration and despite a clozapine blood level of more than
350 ng/mL.** Before examining the effects of ECT augmenta-
tion on clozapine resistance, pseudo-resistance arising from
drug noncompliance, the effects of other medications, misdi-
agnosis, and adverse events must be ruled out.! However, most
studies did not provide information on dosages and blood lev-



els of clozapine, which would be necessary to confirm the ef-
fects of ECT augmentation.”** In order to clarify the effects of
ECT augmentation on clozapine-resistant schizophrenia, we
conducted a case series study that included only patients whose
blood clozapine levels were maintained above 350 ng/mL for a
sufficient period of time,**** and analyzed the psychopatholo-
gy and symptom domains changed by ECT procedures.

METHODS

Subjects

The electronic medical record (EMR) of Dongguk Universi-
ty International Hospital was retrospectively reviewed to iden-
tify patients diagnosed with schizophrenia by DSM-IV-TR
criteria who were treated with clozapine and ECT from De-
cember 2012 to April 2015. Patients whose psychotic symp-
toms were persistent or only partially responsive to 12 weeks
or more of clozapine administration and who consistently had
blood levels of clozapine greater than 350 ng/mL were eligible
for the study. Patients with physical illnesses, substance addic-
tion, or IQs less than 80 were excluded.

Methods

The demographic characteristics, psychiatric history includ-
ing clozapine administration, and clinical and laboratory find-
ings of patients before and after ECT were collected. Psychotic
symptoms were evaluated using the Positive and Negative
Syndrome Scale (PANSS), in which each item was assessed on
a score of 0—6 because the responses could possibly be under-
estimated when using a score of 1-7.° A lower PANSS score
indicates fewer symptoms. Changes in PANSS score following
ECT are given as mean scores and percentage change. The
symptom domains were also explored with Hwangs five fac-
tors model, which was derived from the Korean version of the
PANSS; the symptom domains are positive, negative, activa-
tion, autistic preoccupation, and anxiety/depressive factors.”

Adverse events after ECT were tallied using progress notes
and the cognitive effects of ECT were assessed before and after
the last ECT session using the Mini-Mental State Examination,
Korean version of the Consortium (MMSE-KC).?® This study

Table 1. Demographic and clinical characteristics of the study subjects
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was approved by the Institutional Review Board of Dongguk
University International Hospital.

ECT procedure

ECT was performed three times per week using bilateral
electrode placement and brief pulse stimuli (800 mA; 1 ms)
with a MECTA spECTrum 5000Q (MECTA Corp, Lake Os-
wego, OR, USA). ECT was begun at level 3 (80 millicouloumbs;
mC) for men and at level 2 (42 mC) for women, according to
Coffey et al.” Glycopyrrolate (0.1-0.2 mg/Kg) was adminis-
tered intravenously a few minutes before the patients were giv-
en anesthesia for ECT. Thiopental (2—4 mg/kg) was most often
used for the general anesthesia. Succinylcholine (0.5-1 mg/kg)
was injected to produce muscular relaxation, which was con-
firmed by fasciculation. Seizure was followed up with EEG,
ECG, and visual observation.

Statistical analysis

Nominal data, such as total and symptom domain PANSS
scores, were analyzed with paired t-tests. Linear regression was
used to explore the factors on the PANSS that changed after
ECT. Statistical significance was set at p<0.05. All statistical
analyses were performed using SPSS ver. 21.0 for Windows
(SPSS, Inc., Chicago, IL, USA).

RESULTS

Demographic characteristics and clinical information

The mean age and length of education of the seven patients
were 41.4 (£14.2) and 13.7 (+2.1) years, respectively. The
mean durations of illness and clozapine administration were
15.0 (£8.6) and 3.9 (+13.4) years, respectively (Table 1).

Clozapine dosage and blood levels

The mean dosages of clozapine taken by the seven patients
before and after ECT were 350.0 (£146.5) and 260.7 (£95.6)
mg, respectively (p=0.048; t=2.471, df=6). The main reason for
the reduction in mean dose was that one patient showed tran-
sient postictal delirious episodes late in the course of ECT, so
her dosage was reduced. There were no statistical differences

Female (N=5) Male (N=2) Total (N=7)
Age (year) 4441142 34.0+15.6 41.4+14.2
Education (year) 13.6+2.2 14.0+2.8 13.74+2.1
Marriage (No.) 2 0 2
Positive family history (No.) 1 1 2
Duration of illness (year) 16.0£8.9 12.5£10.6 15.0£8.6
Duration of clozapine (year) 3.1£25 6.0£5.7 39134

Numbers are mean®SD except marriage and positive family history

www.psychiatryinvestigation.org 59



ECT Augmentation on Clozapine

in clozapine dose during the course of ECT in the other six pa-
tients. The mean blood levels of clozapine and norclozapine
were 637.9 (+141.3) ng/mL and 275.5 (£72.1) ng/mL before
ECT and 574.7 (+244.5) ng/mL and 293.5 (+180.9) ng/mL af-
ter ECT, respectively. There were no statistical differences in
blood levels over the ECT course (Table 2).

ECT and clinical efficacy

The main indication for ECT augmentation was insufficient
clinical response to clozapine. The mean number of sessions
and duration of ECT were 13.4 (+4.6) and 45.4 (+18.9) days,
respectively (Table 3). The mean total PANSS scores before
and after ECT were 70.1 (+17.9) and 52.3 (+17.9) points, re-
spectively, using the 0—6 scoring system, which is a reduction
in mean score of 17.9 (+12.8) points and a statistically signifi-
cant decrease (p=0.0384). The mean percentage score reduc-
tion was 25.5% (+14.3). 71.4% (5/7) of patients were identified
as being in clinical remission, as defined by a 20% reduction in
PANSS score. In the other two patients, one experienced a re-
duction in symptoms of 19.3%, and the other experienced no
change at all (case 2). In the linear regression analysis, the fac-

tors that were associated with a decrease in PANSS score were
total number of ECT sessions (=-0.722), stimulus level in the
final session (B=1.182), and blood clozapine level before ECT
(B=-0.600). In Hwangs five factor model of the PANSS, the
positive factor (p=0.0090; t=3.7932, df=6), the activation factor
(p=0.0139; t=3.4340, df=6), autistic preoccupation (p=0.0109;
t=3.6332, df=6), and anxiety/depression (p=0.0437; t=2.5460,
df=6) were reduced significantly, while the negative factor was
not affected. No patient showed any persistent adverse cogni-
tive effects as assessed by the MMSE-KC after ECT.

Case briefings

During the course of ECT, six of the seven patients were
maintained on clozapine with no significant changes in dose,
and their blood clozapine levels were consistently over 350 ng/
mL. One patient (case 5) showed post-ECT irritability mani-
festing as transient disorientation of time and a mild delirious
state, which seemed to occur at the high electrical dose, level 7
(432 mC) and was relieved by benzodiazepines. Reducing her
dose of clozapine and the electrical stimulus level, and provid-
ing hyperventilation for a few minutes produced successful

Table 2. PANSS score and clozapine/norclozapine dosage and blood levels before and after ECT

Case Sex/ PANSS Clozapine Blood levels (baseline)  Blood levels (endpoint)
age  baseline Endpoint Score change Rate (%) change Baseline Endpoint Clozapine Norclozapine Clozapine Norclozapine
1 F/47 96 66 30 31.3 225 200 771.4 250.6 358.2 93.9
2 M/23 86 86 0 0 425 250 659.2 259.8 895.3 236.2
3 F/39 48 34 14 29.2 200 250 579.2 312.0 594.2 343.0
4 F27 65 50 15 23.1 300 325 571.1 260.7 660.9 624.7
5 F/66 57 41 16 28.1 600 100 445.7 416.6 160.8 123.9
6 M/45 82 43 39 47.6 450 400 572.4 187.7 743.6 241.8
7 F/43 57 46 11 19.3 250 300 866.6 240.9 609.9 391.3
Mean 70.1 52.3 17.9* 25.5 350.0 260.7 637.9 275.5 574.7 293.5
SD 17.9 17.9 12.8 14.3 146.5 95.6 141.3 72.1 244.5 180.9

*p-value<0.05 by paired t-test. PANSS: Positive and Negative Syndrome Scale, ECT: electroconvulsive therapy

Table 3. ECT parameters

Case Sex/ ECT ECT level Total charge Total energy Tonic phase Clonic phase Sz duration
age  Duration (d) Sessions (no) Baseline Endpoint (mCoul) §)] (sec) (sec) (sec)
1 F/47 37 10 5 5 2,016 394.5 10.70 18.4 31.10
2 M/23 41 12 3 3 960 190.9 8.58 40.67 55.33
3 F/39 32 12 3 4 1,344 302.2 7.92 31.50 41.42
4 F/27 46 16 3 4 1,760 382.8 9.31 25.94 34.13
5 F/66 87 21 4 6 6,416 1,103.6 10.57 27.09 39.80
6 M/45 34 7 4 5 1,280 214.7 6.00 45.14 80.86
7 F/43 41 16 4 5 2,560 479.4 11.18 22.87 42.50
Mean 454 13.4 3.7 4.6 2,333.7 438.3 9.2 30.2 464
SD 18.9* 4.6 0.8 1.0 1876.3 310.7 1.8 9.6 17.0

*mean duration. Stimulus levels: 3, 80 mC; 4, 128 mC; 5, 192 mC; 6, 288 mC. ECT: electroconvulsive therapy
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seizures without causing delirious events afterwards. Despite
the difficulties she had, she responded well to ECT and experi-
enced a reduction in PANSS score of 28.1%. Four patients
(cases 1, 3, 4, and 6) complained of mild headaches and tem-
porary disorientations of time which were easily relieved with
painkillers and bed rest. Only one patient (case 2) did not re-
spond at all to 12 sessions of ECT and had no change in
PANSS score. His PANSS profile was the negative type put
forward by Kay et al.,*” and his negative scale score was not
changed by ECT. The total score on the PANSS is a trade-oft
between the positive and general psychopathology scales. The
other six patients were all positive type.

DISCUSSION

This study is a case series report using a retrospective EMR
review that aimed to explore the efficacy and safety of ECT in
patients with clozapine-resistant schizophrenia. We first ruled
out the possibility of pseudo-resistance’ by ensuring that blood
clozapine levels of patients were maintained above 350 ng/mL
for a sufficient period of time.** On average, the seven patients
experienced clinical benefits from ECT, with a mean reduction
of 25.5% on the PANSS, without serious adverse events. The
clinical remission rate was 71.4%, which corresponds with the
results of previous studies. Kho et al.”* reported a 30% reduc-
tion in PANSS score in 8 (72.7%) out of 11 patients with clo-
zapine-resistant schizophrenia treated with ECT, and Petrides
et al.* showed a 20% reduction in PANSS score in 12 (60%) out
of 20 patients. The present study provides further evidence for
the benefits of ECT augmentation on patients with clozapine-
resistant schizophrenia and shows that ECT causes no persis-
tent adverse cognitive events,' even though the mean dosages
and blood levels of clozapine were not substantially changed
during the course of ECT. Reductions in PANSS score were as-
sociated with total number of ECT sessions, the last stimulus
level, and blood clozapine levels before ECT.

In this report, the negative subscale on the PANSS by Kay et
al.,”® was not significantly reduced by ECT; one patient (case 2),
who did not respond to ECT at all, was classified as the nega-
tive type. The average score on the negative subscale in all sev-
en patients was not statistically reduced (data not shown). This
is in agreement with other studies that showed that patients
who responded to ECT were less likely to be negative type,**
and that there is less of a reduction in the negative subscale
compared with the positive and general subscales following
ECT** However, the seven patients in this study had chronic
schizophrenia and their psychotic symptoms were resistant to
various antipsychotic medications, including clozapine, which
they had taken for 3.9 (+3.4) years on average. It has been sug-
gested that long-term treatment may be required to observe
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improvements in negative symptoms.” Therefore, this study
may have been insufficiently long to evaluate improvements in
negative symptoms following a course of ECT as the average
course of ECT took place over only 45.4 (£18.9) days.

Some limitations to this study should be noted. First, this is
a case series report with only seven patients, so the findings are
not necessarily generalizable, although the findings of this
study do avoid the crucial drawback, common to other stud-
ies, of patients possibly being underdosed with clozapine.® A
larger number of cases and studies with more participants are
needed to validate the study findings. Second, this study also
did not have controls such as sham ECT or combinations of
other pharmacotherapies. Third, nearly half (3/7) of the pa-
tients were taking other antipsychotic drugs along with clozap-
ine, which may have afffected the usefulness of clozapine.
However, chlorpromazine-equivalent dosages were not statis-
tically different before and after ECT. We will attempt to rule
out the effects of other antipsychotic drugs in our next study.
Fourth, this report did not trace clinical courses of patients for
a long period of time after ECT. Further studies will be re-
quired to determine whether the effects of ECT augmentation
will persist and prevent the recurrence of psychotic symptoms.
Even though this was a retrospective study conducted by re-
viewing the EMR, our results strongly suggest that ECT aug-
mentation could be a favorable strategy for the treatment of
clozapine-resistant schizophrenia.
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