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Abstract 

Background Clozapine is a second-generation antipsychotic which is known to have superior efficacy as compared 
to other antipsychotics. It is particularly used in treatment-resistant schizophrenia (10–30%). However, its use is limited 
due to the serious side effect of inducing seizures which can occur at all doses. The purpose of our study was to ana-
lyse patients taking clozapine for any electroencephalographic (EEG) abnormalities. We undertook a cross-sectional 
study on 107 patients with a different diagnosis taking clozapine who visited the outdoor treatment facility of a 
tertiary care psychiatric diseases hospital in Kashmir. A 32-channel digital EEG was obtained and evaluated visually for 
any abnormalities in these patients. The data was tabulated and analysed using SPSS 23.0.

Results EEG abnormalities were reported in 60.75% of patients receiving clozapine out of which slow waves and 
epileptiform activities were present in 48.60% and 30.84% of patients, respectively. Background slowing was often in 
the delta and theta ranges. Our study showed that there was a statistically significant relationship between the dose 
of clozapine and EEG abnormalities. Clinical seizure occurred in only one patient receiving clozapine 450 mg/day and 
was a smoker who had recently stopped smoking.

Conclusions EEG abnormalities occur frequently in clozapine-treated patients specifically those taking higher doses 
of clozapine. This calls for utilising EEG as a useful clinical investigation in these patients along with clinical monitor-
ing of seizures especially in those taking higher doses of clozapine in order to hint towards early signs of clozapine 
toxicity. Caution needs to be taken in patients who are smokers and show a pattern of change in their smoking habits. 
Moreover, EEG abnormalities though frequently associated with clozapine are not reliable predictors of seizures. 
Therefore, anticonvulsants may not be routinely indicated in patients on clozapine even in the presence of epilepti-
form discharges.
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Background
Clozapine is a second-generation antipsychotic which is 
chemically a dibenzodiazepine derivative [1, 2]. It exerts 
its antipsychotic effects by blocking dopamine recep-
tors D1 and D4 as well as serotonin receptors 5-HT1A 
and 5-HT2. When compared to other antipsychotics, it 
has a unique profile in treatment-resistant schizophre-
nia due to its multiple receptor occupancy which also 
renders it less likely to cause extrapyramidal side effects 
(EPS) including tardive dyskinesia than other antipsy-
chotics [3]. It is regarded as a disease-modifying agent 
and is widely prescribed despite causing some serious 
adverse effects such as seizures [4, 5] and agranulocytosis 
[6]. Research has pointed towards the occurrence of sei-
zures more than agranulocytosis [7] with the incidence of 
clozapine-induced seizures ranging from 1.3% [8] to 2.8% 
[9]. There are many retrospective studies which depict a 
wide range of EEG abnormalities associated with clozap-
ine treatment ranging from 53% [10] and 59% [11] to 74% 
[12]. Clozapine is known to be the leading cause of EEG 
slowing and epileptiform discharges among all antipsy-
chotics [13]. Studies done on clozapine-induced seizures 
reported seizures to occur at all dose ranges [14] includ-
ing very low doses of clozapine [15] during the titration 
phase and at high doses during the maintenance phase 
of clozapine [8]. This may be attributed to the variation 
in clozapine plasma level at a given dose of clozapine 
owing to its complex metabolism [16]. There is a dearth 
of research regarding the pattern of EEG abnormalities in 
clozapine-treated patients especially in Kashmir. There-
fore, this study aimed at exploring the pattern of EEG 
abnormalities in patients on clozapine and the clinical 
utility of EEG monitoring in these patients.

Methods
We did a cross-sectional hospital-based study on 107 
patients with a different diagnosis who showed treatment 
resistance and visited the outdoor treatment facility of 
a tertiary care psychiatric diseases hospital in Kashmir. 
Patients were selected through a purposive sampling 
technique who were receiving clozapine for > 1 month. 
Those who had a history of seizures prior to the introduc-
tion of clozapine, a history of significant head trauma, or 
a history of undergoing electroconvulsive therapy were 
excluded from the study. EEG was done after obtain-
ing written informed consent from the patients or their 
caretakers. EEG recordings were taken using a 32-chan-
nel digital EEG machine. EEG recordings were taken dur-
ing arousal, eyes opened and eye closed, hyperventilation 
and photic stimulation states. The EEG recordings were 
analysed by a trained EEG specialist, and EEG abnormal-
ities, including slow wave details, types, and epileptiform 

activity details were characterised separately. The study 
was approved by the institutional ethics committee.

Statistical analysis
The data was analysed using the SPSS software version 
23.0 (SPSS Inc., Chicago, IL, USA). Two groups were 
made based on the presence and absence of EEG abnor-
mality. Pearson’s chi-square and Student’s independent t 
tests were used to compare the group variables. A p-value 
of less than 0.05 was considered statistically significant. 
All p-values were two-tailed. A logistic analysis was per-
formed to identify any predictors of EEG abnormalities.

Results
Out of the study sample, 78 were males (72.90%) and 29 
were females (27.10%). The mean age was 38.38 ± 7.16 
years while the mean duration of illness was 9.63 ± 5.07 
years. The mean clozapine dose was 347.43 ± 71.70 mg/
day ranging from 200 to 550 mg/day, and the mean dura-
tion of clozapine intake was 13.84 ± 6.71 weeks. Out of 
the study population, 81 (75.7%) had a diagnosis of schiz-
ophrenia while the rest were diagnosed with schizoaffec-
tive disorder (21, 19.6%) and bipolar disorder (5, 4.67%). 
Sixty-eight (63.6%) out of 107 patients were smokers 
while only 39 (36.4%) were non-smokers. All the patients 
were right-handed. None had a history of childhood 
epilepsy or other organic causes of seizures like head 
injury. EEG abnormalities were found in 65 (60.75%) of 
the study population. EEG abnormalities consisted of 
predominantly slow wave discharges (48.60%) while epi-
leptiform activity was found in 30.84% of the study sam-
ple. The details of the EEG abnormalities are tabulated in 
Table 1. Only one patient diagnosed with schizophrenia 
developed clinical seizures of tonic-clonic variety at a clo-
zapine dose of 450 mg/day.

Patients with EEG abnormalities had a higher mean 
dose of clozapine (385 ± 7.86) than patients without EEG 
abnormalities (289.29 ± 5.60) which was statistically sig-
nificant (p-value < 0.01). This study found no significant 
correlation between the duration of clozapine treatment 
and EEG abnormalities despite a higher mean duration 
of clozapine treatment (18.18 ± 0.80 weeks) in the group 
with EEG abnormalities. The majority of the study sam-
ple with EEG abnormalities were non-smokers (66.67%) 
as compared to the majority of smokers (42.65%) in the 
group without EEG abnormalities; however, this was not 
found to be statistically significant.

Seizures which were generalised and had tonic-clonic 
presentation occurred in only one patient in our study 
who was diagnosed with schizophrenia and was taking 
clozapine 450 mg daily. The patient was a smoker who 
had recently stopped smoking and was not taking any 
other medication.
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No significant difference was found in the two groups 
of EEG abnormalities and age, gender, duration of illness, 
and diagnosis (Table 2). Logistic regression analysis found 
a dose of clozapine to be a significant predictor of EEG 
abnormalities in patients receiving clozapine (Table 3).

Discussion
In our study, EEG abnormalities were found in more than 
half (60.75%) of the study subjects with non-specific gen-
eralised slowing consisting of theta waves predominantly 
being the most common. This is in line with many other 
previous studies [13, 17, 18]

Most of the previous studies found non-specific slow-
ing to be the most common EEG abnormality in clozap-
ine-treated patients [13, 19, 20].

Gunther et  al. found EEG abnormality occurring in 
61.5% of 283 patients with non-specific slowing being 
the most frequent abnormality occurring in 47% of the 
abnormal EEGs [13]. This was similar to our study where 
non-specific slow wave activity occurred in 48.60% of the 
study subjects while epileptiform activity occurred in 
only 30.84%.

A significant positive relationship was found between 
the mean daily clozapine dose and EEG abnormality 
in our study. A similar result was found in a number 
of other previous studies [13, 18]. A review study con-
ducted by Verma et  al. in 2011 further reinforces our 
findings in their regression model [21]. Another study by 
Neufeld et al. in 1996 in psychotic parkinsonism patients 
taking clozapine in the range of 6.25–75 mg concluded 
that EEG abnormalities occurred in low-dose clozap-
ine as well [18]. However, our study sample consisted 

Table 1 Details of EEG abnormalities in clozapine-treated 
patients

EEG abnormalities Frequency (N) Percentage (%)

Abnormal EEG 65 60.75

Slow waves 52 48.60

Epileptiform activity 33 30.84

Slow wave type

 Delta 13 12.15

 Theta 30 28.04

 Both 7 6.54

Slow wave localisation

 Focal 20 18.7

 Regional 5 4.67

 Generalised 25 23.36

Epileptiform activity type

 Sharp wave 31 28.97

 Spikes 13 12.15

Epileptiform wave localisation

 Focal 4 3.74

 Regional 7 6.54

 Generalised 19 17.76

 Combination 4 3.74

 Background asymmetry 5 4.67

 Poorly regulated background 2 1.87

 Abnormality with activation 
procedure

3 2.80

 Seizures 1 0.9

Table 2 Comparison of clinical characteristics and EEG abnormalities in clozapine-treated patients

*p < 0.01 statistically significant

Variables With EEG abnormalities (N 
= 65)

Without EEG abnormalities 
(N = 42)

t/k2 p-value

Age, mean ± SD 38.35 ± 0.82 38.43 ± 1.23 0.05 0.96

Gender, n (%) 1.36 0.24

 Male 50 (64.10) 28 (35.90)

 Female 15 (51.72) 14 (48.28)

Duration of illness (years), mean ± SD 9.66 ± 0.58 9.57 ± 0.88 − 0.09 0.93

Dose of clozapine, mean ± SD 385 ± 7.86 289.29 ± 5.60 − 8.88 < 0.01*

Duration on clozapine (weeks), mean ± SD 14.57 ± 7.09 12.71 ± 5.99 1.40 0.164

Smoking, n (%) 0.90 0.41

 Yes 39 (57.35) 29 (42.65)

 No 26 (66.67) 13 (33.33)

Diagnosis, n (%) 1.18 0.55

 Schizophrenia 51 (62.96) 30 (37.04)

 Schizoaffective disorder 12 (57.14) 9 (42.86)

 Bipolar disorder 2 (40) 3 (60)

Total: 107
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of patients taking at least 200 mg of clozapine per day. 
Therefore, such an association could not be ruled out. 
There is a scarcity of large-scale data regarding the cor-
relation of smoking with EEG abnormalities in patients 
receiving clozapine. However, a few case studies speak of 
smoking and occurrence of seizures in patients on clo-
zapine [22, 23]. Our study found a positive correlation 
between smoking and EEG abnormalities; however, this 
was not found to be statistically significant. One rea-
son for this may be that the polycyclic aromatic hydro-
carbons contained in cigarette smoke are an inducer 
of CYP1A2 enzymes which accelerates the metabolism 
of clozapine. This results in the requirement of higher 
doses of clozapine in smokers compared to non-smokers 
and hence higher prevalence of EEG abnormalities in 
them.

There is conflicting evidence regarding the association 
of clozapine dose and occurrence of seizures. A review 
paper by Verma et al. did not find any significant corre-
lation between clozapine dose and seizures. Most of the 
case studies depicted an increasing risk of seizures with 
increasing doses of clozapine especially a dosage of more 
than 600 mg a day [5, 7, 24, 25].

However, surprisingly, there are case reports of seizures 
in low-dose clozapine patients as well [26]. The contrast-
ing results can be explained by the variations in the clo-
zapine serum levels for a given dose within and among 
individuals due to its complex metabolism [16, 27].

In our study, seizure occurred in one patient diag-
nosed with schizophrenia receiving a clozapine dose 
of 450 mg a day for a duration of 25 weeks. The patient 
developed sudden generalised tonic-clonic seizures 
(GTCS) which is supported by various existing data 
on clozapine-induced seizures reporting GTCS as the 
most common type of seizure induced by clozapine 
[28]. The patient had both slow waves and epilepti-
form discharges on EEG. The patient was a smoker who 
had recently stopped smoking which could explain the 

sudden increase in the serum levels of clozapine lead-
ing to the seizure. However, we could not measure the 
serum clozapine levels in patients which becomes a 
limitation of our study. Hence, commenting on this 
aspect is beyond the scope of this study. Moreover, the 
patient was not on any other concurrent medication but 
was added on divalproex sodium after the clinical fit. 
There is weak evidence in the form of few case reports 
depicting the increased risk of seizures at clozapine lev-
els greater than 1300 μg/L. [21] In addition to this, the 
failure to get the pre-treatment EEG becomes another 
shortcoming of this study. Nevertheless, EEG abnormal-
ities do not predict the occurrence of seizures as was 
seen in our study [18].

Keeping in mind the suggestions of various authors, 
it becomes prudent to monitor EEG changes along 
with serum levels of clozapine in these patients specif-
ically those receiving higher doses of clozapine so as to 
watch for early signs of toxicity and hence of seizures 
[17, 20, 27].

Regarding the use of anticonvulsants as prophylaxis in 
patients on clozapine without clinical seizures, there is 
insufficient evidence except for some reports that favour 
the use of such medications after the emergence of clear 
epileptiform discharges or plasma level of more than 500 
μg/L of clozapine [21].

Therefore, we do not suggest the routine use of anticon-
vulsants even in the presence of epileptiform discharges 
in the absence of other risk factors such as pre-existing 
epilepsy and a history of a significant head trauma. A 
more reasonable approach would be to look for the clini-
cal appearance of seizures especially in higher doses [17].

Our  study presents with few limitations like it was a 
cross-sectional study so we could not infer any causal 
relationship between clozapine and EEG abnormalities. 
Also, we could not measure the serum clozapine levels 
and the associated EEG abnormalities. Furthermore, our 
study cannot rule out the role of sedative effects of drugs 
and psychiatric illness as it was one of the limitations of 
the study. Additional large-scale studies are required to 
establish with certainty the relationship between clozap-
ine and seizures, sedative effects of drugs, and psychiatric 
illness.

Conclusions
EEG abnormalities occur frequently in clozapine-
treated patients specifically those taking higher doses 
of clozapine. This calls for utilising EEG as a use-
ful clinical investigation in these patients along with 
clinical monitoring of seizures especially in those tak-
ing higher doses of clozapine in order to hint towards 
early signs of clozapine toxicity. Caution needs to be 
taken in patients who are smokers and show a pattern 

Table 3 Predictors of EEG abnormalities depicted by logistic 
regression analysis

*p < 0.01 statistically significant

Predictors Odds ratio p-value 95% confidence 
interval

Lower Upper

Age 0.99 0.96 0.95 1.05

Gender 0.6 0.25 0.25 1.42

Clozapine dose 1.06 < 0.01* 1.03 1.08

Duration on clozapine 1.16 0.164 1.07 1.25

Duration of illness 1.0 0.93 0.93 1.08

Smoking 5.88 0.41 2.47 13.98
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of change in their smoking habits. Moreover, EEG 
abnormalities though frequently associated with clo-
zapine are not reliable predictors of seizures. There-
fore, anticonvulsants may not be routinely indicated in 
patients on clozapine even in the presence of epilepti-
form discharges.
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