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In this study the effects of the atypical antipsychotics quetiapine and olanzapine, and the typical antipsychotic haloperidol on
EEG patterns were retrospectively investigated in 81 patients under stable monotherapy with either drug (quetiapine: n¼ 22,
olanzapine: n¼ 37, haloperidol: n¼ 22). These three subgroups were compared with a control group of healthy subjects
(n¼ 30) which were matched regarding sex and age. Diagnoses of patients were schizophrenia (DSM-IV 295.xx,
n¼ 61), brief psychotic disorder (DSM-IV 298.8, n¼ 9), schizoaffective disorder (DSM-IV 295.70, n¼ 8) and delusional
disorder (DSM-IV 297.1, n¼ 3). There were no statistically significant differences regarding demographic characteristics
between the groups. Digital EEG recordings were retrieved from a database and visually assessed by two independent inves-
tigators, and one blinded regarding medication. One patient from the quetiapine group (5%), 13 olanzapine patients (35%),
five of the haloperidol patients (23%) and two subjects of the control group (7%) had an abnormal EEG. Epileptiform activ-
ity was observed in four patients (11%) of the olanzapine group, and none in the others. EEG abnormalities were statistically
significantly increased with dose in the olanzapine group, in contrast to patients treated with haloperidol, quetiapine or
healthy subjects. In conclusion, EEG abnormalities seem to occur rarely in patients treated with quetiapine comparable
to the control group, but significantly more often with haloperidol and olanzapine, possibly due to different receptor profiles
of these substances. To our knowledge, this is the first electrophysiological investigation comparing the new atypical anti-
psychotics quetiapine, haloperidol, olanzapine with healthy subjects. Copyright # 2003 John Wiley & Sons, Ltd.
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INTRODUCTION

A voluminous literature attests to the robustness of
conventional EEG investigations and their clinical
usefulness in disorders of brain function. Conven-
tional as well as quantitative EEG studies show
abnormalities in different psychiatric disorders, such
as schizophrenia (e.g. Small, 1993; Primavera et al.,
1994). The EEG evaluation of comparatively large

healthy populations usually show a certain percentage
of abnormalities as well. Epileptiform activity has
been hereby observed in 2%–3% of healthy volunteers
(e.g. Gibbs and Gibbs, 1964; Harty et al., 1942).

With regards to the pharmaco-EEG, general slow-
ing of background activity, an increase in paroxysmal
theta or delta activity and the development of epilepti-
form discharges are well documented with antipsy-
chotic drugs. In quantitative EEG haloperidol shows
an increase in the proportion of delta and theta as well
as decreased alpha and faster beta wave activity
(McClelland et al., 1990; Kemali et al., 1992). A
study by Hubl et al. (2001) investigating quantitative
EEGs in 10 healthy subjects on olanzapine revealed
an increase in the theta band and a decrease of the beta
activity. In 43 patients on olanzapine increases of both
diffuse slowing (65.1%) and intermittent slowing
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(34.9%) as well as epileptiform activity in 9.3% were
observed (Pillmann et al., 2000). A recently published
retrospective investigation (Centorrino et al., 2002)
showed a particular high risk of EEG abnormali-
ties with clozapine (47.1%, n¼ 17) and olanzapine
(38.5%, n¼ 13), and a moderate risk for typical anti-
psychotics (14.5%, n¼ 214) and another atypical an-
tipsychotic risperidone (28%, n¼ 25). Epileptiform
activity was observed for clozapine (5.9%) as well
as for olanzapine (7.7%) and risperidone (4.0%), but
not for haloperidol. No EEG alterations were found in
five patients receiving quetiapine, which is in accor-
dance to another investigation with 12 patients treated
with quetiapine (Wetzel et al., 1995).

Although quetiapine has been increasingly used as
an antipsychotic there is only limited knowledge
about the potential risk of EEG alterations including
epileptiform activity and a lack of systematic studies
with this drug. The EEG recordings were analysed ret-
rospectively of patients treated with the new antipsy-
chotic quetiapine and compared with those treated
with olanzapine and haloperidol and a control group
of 30 healthy subjects. Furthermore, the EEG altera-
tions were correlated within the groups to possible
pathophysiology with a focus on the receptor profile
of the substances.

METHODS

Eighty-one patients under antipsychotic monotherapy
with either quetiapine (n¼ 22), olanzapine (n¼ 37) or
haloperidol (n¼ 22) were identified, who had at least
one EEG recording between 04/1998 and 02/2002.
Furthermore, the three different subgroups were com-
pared with 30 healthy volunteers who were matched
regarding sex and age.

No further psychotropic medication except for non-
benzodiazepine hypnotics (zopiclone, zolpidem,
chloral hydrate) as rescue medication were adminis-
tered in the patient subgroups. The EEG data base
did not allow an identification of the length of medica-
tion intake within the treatment groups prior to record-
ings, nor statements about the clinical outcome.

Sixty-one patients were diagnosed as schizophrenia
(DSM-IV: 295.xx), nine suffered from brief psychotic
episodes (DSM-IV: 298.9), eight from schizoaffective
disorders (DSM-IV: 295.7) and three from delusional
disorders (DSM-IV: 297.1). EEG records were taken
routinely at least once from all inpatients of the Psy-
chiatric University Hospital Munich, usually within
the first week after admission.

While the patients were seated in a sound-
attenuated, electrically shielded room in a reclining

chair with eyes closed (resting condition) digital
EEG records were obtained, using the Neuroscan
Synamps system. Ninteen Zn-electrodes were placed
via an electrocap according to the international 10/20
system, additional electrodes (left ocular canthis)
were used to record the electrooculogram (EOG)
simultanously. The impedances of all electrodes were
kept below 10 kOhm throughout the session. The
EEGs were recorded for at least 20 min including
5 min of hyperventilation with Cz as reference
through amplifiers with a bandpass from 0.53 to
50 Hz (50 Hz notch filter), digitized at a sample rate
of 250 Hz and digitally stored for further analysis
and/or processing off line.

All EEGs were retrieved from the database and
visually interpreted independently by two experi-
enced raters and one experienced rater blind to medi-
cation, dosage and diagnosis of the patients. In the
case of disagreement, the recordings were reassessed
and discussed to achieve a consensus.

The findings were classified as normal or abnormal,
with or without epileptiform activity. Abnormal
results comprised diffuse slowing of background
activity and increased paroxysmal theta- and/or delta
activity, either generalized (theta-/delta-bursts) or
focal. The appearance of any spikes, sharp waves,
spike-wave- or sharp-slow-wave complexes was
referred to as epileptiform activity with increased cer-
ebrocortical excitability. The utilization and clinical
significance of the term ‘epileptiform activity’ led to
considerable disunity in the ranks of electroencepha-
lographers since epileptic discharges may also occur
in the absence of clinical seizures or in individuals
without seizures, e.g. in 2%–3% of the healthy popu-
lation (Gibbs and Gibbs, 1964; Harty et al., 1942).
However, it was decided to use this term as it was
thought that it is more connected to the discharges
mentioned above, provided that it is used with caution
and that epileptiform activity is not necessarily related
to the diagnosis of epilepsy.

The groups were statistically compared regarding
sociodemographic data with an analysis of variance
(ANOVA), t-test and �2-analysis. Associations of a
dose related effect of medication and EEG abnormal-
ity was tested by the two-sided t-test for independent
variables. The �2-analysis was further used to com-
pare EEG abnormalities within the groups. All results
are expressed as mean� SD.

RESULTS

The following data of 81 patients (43 male, 38 female)
and 30 healthy controls (16 male, 14 female) were
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retrospectively analysed: The mean age (�SD) of
the patients receiving quetiapine (n¼ 22) was
36.4� 13.6 (range¼ 21–66), olanzapine (n¼ 37)
33.7� 13.1 (range¼ 16–82), haloperidol (n¼ 22)
42.0� 15.1 (range¼ 24–80) and the control group
(n¼ 30) 36.2� 11.0 (range¼ 22–61) years. The mean
daily dosage of quetiapine was 563.6� 210.6 mg,
of olanzapine 15.7� 10.5 mg and of haloperidol
9.1� 3.5 mg, respectively (see Table 1).

In the quetiapine group, two patients received zopi-
clone, two zolpidem and, in the haloperidol group,
one patient chloral hydrate, one zopiclone. Patients
treated with olanzapine were without sleep medica-
tion. All the EEGs of the patients with the above men-
tioned additional medication were normal.

Overall, there were no significant age differences
between the four groups (three patient subgroups
and one control group) [F(3, 107)¼ 1.84;
p¼ 0.14; Scheffé: p� 0.15]. Quetiapine, olanzapine
and haloperidol patients did not differ significantly
in diagnoses [�2(6, n¼ 81)¼ 6.71; p¼ 0.35]. Further-

more, no statistically significant group differences
regarding sex distribution could be observed
[�2(3, n¼ 111)¼ 1.83; p¼ 0.61].

One of 22 patients on quetiapine (5%), five on halo-
peridol (23%) and two of the control group (7%) had
an abnormal EEG. Furthermore, the EEGs of 13 out of
37 (35%) olanzapine patients were assessed as abnor-
mal with four olanzapine (11%) patients showing
clear epileptiform activity (see Table 2).

Within the four subgroups results regarding abnor-
mal EEGs differed statistically significantly [�2(3,
n¼ 111)¼ 12.45; p¼ 0.006]. Between the quetiapine
and olanzapine groups, a highly statistically signifi-
cant difference [�2(1, n¼ 59)¼ 7.13; p¼ 0.008] was
seen in terms of EEG alterations for both slowing of
background activity as well as epileptiform activity.
No statistically significant difference could be obser-
ved comparing olanzapine and haloperidol [�2(1, n¼
59)¼ 1.00; p¼ 0.32] nor between quetiapine and
haloperidol [�2(1, n¼ 44)¼ 3.09; p¼ 0.08]. The
same is true for the comparison of the control with

Table 1. Demographic characteristics of the study population according to the EEG-database and medical record, tested by the t-test:
inpatients under monotherapy with either quetiapine, olanzapine or haloperidol in comparison with a control group with healthy subjects

Group

Quetiapine Olanzapine Haloperidol Control

Patients (n) 22 37 22 30
Sex (m/f) 9/13 21/16 13/9 16/14 n.s.
Age (years)

Mean� SD 36.4� 13.6 33.7� 13.1 42.0� 15.1 36.2� 11.0 n.s.
Range 21–66 16–82 24–80 22–61

DSM IV-Diagnoses
295.xx 16 (73%) 26 (70%) 19 (86%) n.s.
298.9 2 (9%) 5 (14%) 2 (9%) n.s.
295.7 4 (18%) 3 (8%) 1 (5%) n.s.
297.1 0 (0%) 3 (8%) 0 (0%) n.s.

Daily dose of medication (mg)
Mean� SD 563.6� 210.6 15.7� 10.5 9.1� 3.5
Range 100–900 3–40 2–15

n.s., not significant.

Table 2. Electroencephalography in patients under monotherapy with quetiapine, olanzapine or haloperidol and healthy subjects as control
group; results of visual assessments of EEG recordings, classified as normal/abnormal, with/without epileptiform activity (EA)

Group

Quetiapine Olanzapine Haloperidol Control

n 22 37 22 30
EEG findings (visual assessment)

Normal EEG 21 (95.4%) 24 (64.9%) 17 (77.2%) 28 (93.4%)
Abnormal EEG 1 (4.6%) 13 (35.1%) 5 (22.8%) 2 (6.6%)
Without EA 1 (4.6%) 9 (24.3%) 5 (22.8%) 2 (6.6%)
With EA 0 (0%) 4 (10.8%) 0 (0%) 0 (0%)
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the haloperidol groups [�2(1, n¼ 52)¼ 2.81;
p¼ 0.09] and of the control with quetiapine
groups [�2(1, n¼ 52)¼ 0.11; p¼ 0.75]. However, a
highly statistically significant result was seen
between the control and the olanzapine groups
[�2(1, n¼ 67)¼ 7.73; p¼ 0.005].

The EEG results were specified according to socio-
demographic characteristics (sex: �2-analysis; age:
t-test) and the dose of medication per treatment group.
A statistically significant dosage related effect was
seen in the olanzapine group using the t-test [t(1.15,
301)¼ 2.34; p¼ 0.03], but not in the quetiapine and
haloperidol groups (see Table 3).

DISCUSSION

In this evaluation the EEG data were reviewed from
81 patients treated either with the atypical antipsycho-
tics quetiapine and olanzapine or the typical antipsy-
chotic haloperidol and compared with 30 healthy
subjects. The limited data of quetiapine concerning
electrophysiological effects predict neither EEG
abnormalities nor epileptiform activity (Centorrino
et al., 2002; Wetzel et al., 1995). This was confirmed
with our data, which showed also a low risk for EEG
alterations (5%) for quetiapine and suggested a low
seizure risk for quetiapine, both comparable to healthy
subjects. Quetiapine differed from olanzapine which
showed a dose related risk of EEG alterations of
35% and epileptiform potentials of 11%. Haloperidol
with 23% of abnormal EEGs was more likely, but
not statistically different to quetiapine. However, it

is also important to note that numerous qualitative
EEG studies indicate abnormalities in 20% to 60%
of schizophrenic patients (Small, 1993; Ellingson,
1954; Small et al., 1984). Furthermore, many quanti-
tative studies have been conducted regarding back-
ground activity in schizophrenic patients: For
instance, an increased delta and/or theta activity has
been reported in a large number of investigations
(e.g. Primavera et al., 1994; Fenton et al., 1980; Mor-
ihisa et al., 1983). On the other hand, studies also
show an increased delta activity in patients off medi-
cation for several weeks (Fenton et al., 1980; Morihisa
et al., 1983; Coger et al., 1979) and even reduction of
delta and theta when medication is added again
(Saletu et al., 1994; Lifshitz et al., 1987). This issue
suggests a rather inconsistent picture. However, an
EEG study by Small et al. (1987) in treatment resis-
tant schizophrenic patients revealed no EEG differ-
ences between chronic drug-free schizophrenic
patients and healthy volunteers, but a significant dif-
ference in terms of increased amplitudes in the delta
and theta frequency bands between placebo and three
antipsychotics. These findings support the impact of
our data as well as other studies investigating the
influence of antipsychotics treatment on EEG pat-
terns (Westphal et al., 1990; Matsuura et al., 1994;
Centorrino et al., 2002).

Pharmacodynamic distinctions within these antipsy-
chotics groups might lead to different effects on brain
electric activity. Saletu et al. (1987) revealed differen-
tial effects between low and high potency antipsycho-
tics, with increased absolute and relative delta and

Table 3. Specification of EEG findings (visual assessments) under quetiapine, olanzapine or haloperidol monotherapy and in the control
group according to age, sex and dosage (mean�SD)

Normal EEG Abnormal EEG

Patients under
Quetiapine (n) 21 1

Sex (m/f) 9/12 0/1 n.a.
Age (years) 36.71� 13.87 31 n.a.
Dose (mg) 561.90� 215.58 600 n.a.

Olanzapine (n) 24 13
Sex (m/f) 12/12 9/4 n.s. (�2¼ 1.27; p¼ 0.26)
Age (years) 36.17� 13.64 29.31� 11.05 n.s. (t¼ 1.55; p¼ 0.13)
Dose (mg) 12.40� 6.74 21.7� 13.52 p< 0.05a

Haloperidol (n) 17 5
Sex (m/f) 9/8 4/1 n.s. (�2¼ 1.17; p¼ 0.28)
Age (years) 43.06� 17.01 38.40� 3.78 n.a.
Dose (mg) 9.15� 3.64 9.10� 3.58 n.a.

Control group (n) 28 2
Sex (m/f) 15/13 1/1 n.a.
Age (years) 36.32� 11.34 35� 7.01 n.a.

aDifferences statistically significant.
n.a. was not tested by t-test due to limited number of patients in abnormal EEG group.
n.a., not applicable; n.s., not significant.
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theta power in the former. Substances such as chlor-
prothixene show, besides an affinity to dopamine-
receptors, a blockade of ACh-Mus- and H1- receptors.
This might be also true for clozapine with a high
blockade of 5-HT2-, D4-, �1-, H1- and ACh-Mus-
receptors and olanzapine, an antagonist to D1-4-,
5-HT2-, H1- and ACh-Mus-receptors (Shiloh et al.,
2000). Due to the similar receptor profiles of both sub-
stances, and the antagonism to H1- and ACh-Mus-
receptor, a higher incidence of EEG alterations and
possible seizure risk can be expected and is confirmed
with the olanzapine group in our data. In contrast, que-
tiapine, which is a dibenzothiazepine, and has primar-
ily 5-HT2-, D2-like and �1-receptor antagonistic
properties, is without affinity to D4-, H1- and ACh-
Mus-receptors (Shiloh et al., 2000). This might explain
the different profile of the substance regarding EEG
alterations, as shown in our data.

The changes seem to be dose dependent in the case
of olanzapine, since patients with abnormal EEG
recordings had significantly higher dosages of the
respective medication. Interestingly, abnormal EEGs
were found in 23% of the haloperidol group without
epileptiform activity, which is higher than in the study
by Centorrino et al. (2002) with 7.3%. Since haloper-
idol mainly causes a D2-, �1-adrenergic and a decent
blockade of ACh-Mus-receptors (Shiloh et al., 2000),
only a moderate effect on the electrophysiology might
be expected.

The limitations of this study include its retrospective
design with the EEG data base. There was no knowl-
edge about the length of current medication intake, nor
about psychopharmacological pretreatments. In the
present study it was not possible to correlate EEG find-
ings with clinical outcome and to specify the clinical
significance of the EEG abnormalities.

Furthermore, patients in general received antipsy-
chotic monotherapy, but six patients had a co-medica-
tion with nonbenzodiazepine hypnotics. The EEG
changes following the administration of zolpidem
and zopiclone show a decrease of alpha activity and
an increase in delta and in beta activity with zolpidem
(Patat et al., 1994), and an increase of delta activity in
zopiclone (Yamadera et al., 1997) in healthy subjects.
If at all, an increased slow activity might be expected
in our sample, but all the EEGs of these patients were
assessed as normal. EEG changes with chloral hydrate
are not reported.

In conclusion, this study yielded some interesting
findings. Olanzapine has a dose dependent seizure risk
and haloperidol a modest risk of EEG alterations.
Quetiapine showed a very low rate of EEG abnormal-
ities, comparable to the control group. Due to that, the

treatment option with quetiapine might be an alterna-
tive for patients with the diagnosis of epilepsy or sei-
zures with psychosis. Nevertheless, prospective
studies are required to evaluate EEG abnormalities
by antipsychotics and their clinical significance.
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