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■ Abstract Disturbance of prefrontal brain functions
is assumed to be responsible for prominent psy-
chopathological symptoms in psychotic disorders.
Treatment with atypical, in contrast to typical antipsy-
chotics is considered as a possible strategy for an im-
provement of prefrontal brain function. In the present
study, response control as a specific prefrontal brain
function was assessed by means of the Nogo-anterior-
ization (NGA) derived from the event-related potentials
elicited during a Go-NoGo task in a consecutive sample
of 39 patients suffering from acute psychotic disorders
(brief psychotic disorders, 298.8, n = 34 and schizoaffec-
tive disorders, 295.70, n = 5; cycloid psychoses according
to the Leonhard classification).A highly significant pos-
itive correlation between the amount of antipsychotic
medication in terms of chlorpromazine equivalents per
day and the NGA as a measure of prefrontal response
control was only found in the subgroup of patients
treated exclusively or predominantly with atypical an-
tipsychotics but not for those treated with typical an-
tipsychotics. These results are in line with the notion
that atypical antipsychotics may exert a beneficial effect
on prefrontal brain function.

■ Key words cycloid psychosis · atypical
antipsychotics · anterior cingulate cortex (ACC) · 
nogo-anteriorization (NGA) · schizophrenia

Introduction

There is extensive evidence from neuropsychological
(Abbruzzese et al. 1997; Riley et al. 2000) and neu-
roimaging (Andreasen et al. 1992; Carter et al. 1997;
Hazlett et al. 2000; Higashima et al. 2000; Volz et al. 1999;
Yücel et al. 2002) studies indicating a functional hy-
pofrontality in patients suffering from schizophrenia
(hypofrontality concept; Ingvar and Franzen 1974). Re-
cent findings from studies on both animals and humans
suggest that atypical antipsychotics preferentially exert
their effects within frontal and prefrontal brain areas
(Braus et al. 2001, 2002; Ende et al. 2000; Honey et al.
1999; Ichikawa et al. 2002; Pehek et al. 1994), whereas
conventional antipsychotics were found to have little or
no impact on frontal structures (Ichikawa et al. 2002; Li
et al. 1998) or even seem to interfere with frontal func-
tioning/metabolism (Bartlett et al. 1994; Braus et al.
2001; Madsen et al. 1998; Miller et al. 2001). Since im-
pairments in frontal and prefrontal brain areas have
been suggested to at least contribute to the cognitive
dysfunctions observed in schizophrenic patients (Lidow
et al. 1998), findings fit well that indicate a more favor-
able effect of atypical as compared to typical antipsy-
chotics on neurocognition in schizophrenia (Braus et al.
2002; Bilder et al. 2002; Canadian Cognition and Out-
come Study Group 1998; Cuesta et al. 2001; Gallhofer
et al. 1996; Green et al. 1997; Lee et al. 1994; Purdon et al.
2001; Stip and Lussier 1996; Velligan et al. 2002).

The Continuous Performance Test (CPT; Rosvold
et al. 1956) is a Go-Nogo task that demands the execu-
tion of appropriate responses to pre-defined target-
stimuli (Go) as well as the inhibition of prepared motor
responses following other stimuli (Nogo).Consequently,
performance of the CPT involves prefrontal structures
that are activated during such processes of cognitive re-
sponse control. Performance of the CPT leads to a spe-
cific electrophysiological pattern that involves a shift of
the positive brain electrical field from posterior to ante-
rior during the Nogo as compared to the Go condition
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(Nogo-anteriorization, NGA; Fallgatter et al. 1997, 2000;
Fallgatter and Strik 1999). Electrophysiological source
localization (LORETA; Pascual-Marqui et al. 1994) re-
vealed a close relationship between the NGA and a
Nogo-hyperactivity in certain prefrontal brain areas,
particularly the anterior cingulate cortex (ACC), in
healthy subjects (Fallgatter et al. 2002; Strik et al. 1998).
Thus, the NGA has been suggested to be an electrophys-
iological correlate of prefrontal response control (Fall-
gatter and Strik 1999). In accordance with the hy-
pofrontality concept mentioned above, schizophrenic
patients were found to have a significantly reduced
mean NGA (Fallgatter and Müller 2001) and do not
show a significant activation of the ACC during the Nogo
condition of the CPT (Fallgatter et al. 2003).

The present study aimed at comparing the effects of
typical and atypical antipsychotic medication on pre-
frontal brain function in a group of patients suffering
from acute psychotic disorders. If atypical neuroleptic
drugs are superior to typical antipsychotics in facilitat-
ing prefrontal functioning, treatment with atypical
medication might improve/ameliorate mechanisms of
prefrontal response control resulting in higher values of
the Nogo-anteriorization in atypically medicated pa-
tients. To examine this issue, we investigated a group of
patients with acute psychotic disorders (brief psychotic
disorders and schizoaffective disorders according to
DSM-IV) who were either receiving typical neuroleptic
medication or were being treated with atypical com-
pounds alone or in combination with small amounts of
typical antipsychotics. According to Leonhard’s nosol-
ogy (Leonhard 1999) the patients were all classified as
suffering from different types of cycloid psychoses.

Clinically, cycloid psychoses are mainly character-
ized by a phasic course with full remission after the psy-
chotic episodes and a favorable long-term outcome.
They usually exhibit a polymorphous and bipolar symp-
tomatology, often rapidly changing from one pole to the
other (e. g. from a hyperkinetic to an akinetic state). On
the other hand, they usually lack severe negative symp-
toms and other features typically related to this symp-
tom cluster (e. g. severe and chronic social impairment;
Jäger et al. 2003). In the international classification sys-
tems (ICD-10 and DSM-IV), the diagnosis of a cycloid
psychosis often corresponds to an acute polymorphic
psychotic disorder or the acute schizophrenia-like psy-
chotic disorder (ICD-10: F23.0; F23.1; F23.2), to a schiz-
ophreniform disorder (DSM-IV: 295.40), or to a
schizoaffective disorder (ICD-10: F25.x; DSM-IV:
295.70).

On a neurophysiological level, patients suffering
from cycloid psychoses were found to exhibit some
characteristic features, comprising e. g. normal P300
topographies and latencies in a standard auditory odd-
ball paradigm, but significantly increased P300 ampli-
tudes as compared to a healthy control sample (Strik
et al. 1996). During performance of the CPT, our own
group reported intact Go potentials, but significantly re-
duced Global Field Power (GFP) values and latencies

during Nogo trials in cycloid psychoses as compared to
matched control subjects, indicating mild deficits in pre-
frontal response control in these patients (Ehlis et al., in
press). Preliminary functional imaging studies indicate
an “acute hyperfrontality” in some cases of cycloid psy-
choses,which later returns to normal in the course of the
treatment (cf. Jabs et al. 2002).

Since one of the major characteristics of a cycloid
psychosis is the phasic course of the illness with tran-
sient psychotic episodes and full remission of the symp-
tomatology after each episode, it seems to be a reason-
able assumption that the underlying cerebral
abnormalities are also particularly influenceable and
non-static. Accordingly, transient psychotic disorders
might be an optimal clinical group to assess the physio-
logical effects of different types of antipsychotic med-
ication on prefrontal brain functioning.

Therefore, we investigated a group of patients with
acute psychotic disorders/cycloid psychoses electro-
physiologically employing the Continuous Performance
Test, to compare patients receiving typical antipsychotic
medication to patients treated with atypical drugs.
Based on the findings cited above it was hypothesized
that atypically medicated patients would display higher
values of the NGA than patients treated with typical an-
tipsychotics, reflecting stronger prefrontal activation in
the atypically medicated group.

Material and methods

■ Subjects

A total of 69 patients suffering from acute psychotic disorders were
investigated electrophysiologically after written informed consent
was obtained. Due to an insufficient number of artifact-free EEG-
epochs (n < 20), 30 of them were excluded from further analyses. The
remaining 39 patients (17 male, 22 female) were all either psychiatric
in- (n = 36) or outpatients (n = 3) at the Psychiatric University Hospi-
tal in Wuerzburg. Of the 39 patients, 37 were right-handed according
to Oldfield (1971); mean age was 33 ± 8 years (mean ± standard devi-
ation (SD)).

According to DSM-IV criteria, patients were diagnosed as brief
psychotic disorders (298.8; n = 34) and schizoaffective disorders
(295.70; n = 5). According to Leonhard’s nosology (Leonhard 1999)
patients were all classified as suffering from different types of cycloid
psychoses (13 anxiety-happiness, 18 excited-inhibited confusion, and
8 hyperkinetic-akinetic motility psychoses).

Diagnoses were made by at least two experienced psychiatrists,
and only patients were included in the study who could be diagnosed
unequivocally. In more detail, the course of action during the diag-
nostic procedure was as follows: The psychiatrist on duty during ad-
mission of the patient made a first diagnosis following a detailed di-
agnostic interview. The ward’s senior physician then examined the
patient in a separate session, coming to an independent diagnostic
evaluation. Finally, the researcher assigned to the data analysis of the
present study only included the data of such patients whose diagnoses
were agreed on by both psychiatrists and were in agreement with the
patients’ past medical records.

Mean duration of illness was 69 ± 60 months with an average of
3.3 ± 2.8 psychiatric hospitalizations and a total duration of inpatient
treatments of 6 ± 5 months. Mean duration of the current hospitaliza-
tion was 47 ± 38 days (outpatients were excluded from this latter sta-
tistic).

Patients underwent electroencephalographic and neuroradiolog-
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ical investigations carried out routinely, revealing a mild or moderate
slowing of the basic EEG rhythm in nine patients, as well as a discrete
extension of the interior ventricles in three cases and mild to moder-
ate brain atrophy in six other cases. Four patients had positive family
histories for schizophrenia with an affected first-degree relative. Pa-
tients were all treated with neuroleptic medication and received
604 ± 463 mg (mean ± SD) chlorpromazine equivalents per day, daily
doses ranging from 30 mg to 2392 mg. 26 patients received typical
(haloperidol, perazine, flupentixol) and 9 patients atypical antipsy-
chotics (clozapine,quetiapine,olanzapine, risperidone) only,whereas
4 patients were medicated with both groups of substances simultane-
ously. Patients’ charts were examined carefully to ensure that none of
the typically medicated patients had received atypical neuroleptic
medication in the past.

The present article deals with the influence of the type of neu-
roleptic medication on prefrontal response control in acutely psy-
chotic patients and mainly focuses on comparing typically and atyp-
ically medicated patients. A detailed comparison of the
electrophysiological data of the present sample of patients as a whole
and a matched control group has been reported elsewhere (Ehlis et al.,
in press). The control group consisted of 39 healthy volunteers
matched for age and sex (19 male, 20 female; mean age: 33 ± 8 years).
They were free of medication and had no history of neurological or
psychiatric illness. Of the 39 healthy controls, 38 were right-handed
according to Oldfield (1971). The study was approved both by the
Ethics Committee of the University of Wuerzburg and by the research
conference of the Department of Psychiatry and Psychotherapy.

■ Electrophysiological paradigm

For the electrophysiological investigation, subjects were seated on a
comfortable chair in front of a computer screen in an electrically
shielded, dimly lit room to perform the Continuous Performance Test
(CPT). Letters were presented sequentially in a pseudo-randomized
order and participants were instructed to press a response button
whenever the letter “O” was directly followed by the letter “X”. Speed
and accuracy were emphasized equally during explanation of the test.
The whole stimulus set consisted of 400 letters, with 80 primer condi-
tions (O), 40 Go (O-X) and Nogo (O-any other letter) conditions and
240 distractors (other letters, or letter X without a preceding O).With
an interstimulus interval of 1650 ms, each letter was presented for 200
ms. After a short training session, subjects performed this version of
the CPT for about 13 minutes while the ongoing EEG was recorded.

■ EEG recording

The EEG was recorded from 21 electrodes according to the Interna-
tional 10–20 system (Jasper 1958; Fp1, Fp2, F3, F4, F7, F8, T3, T4, C3,
C4, T5, T6, P3, P4, O1, O2, Fpz, Fz, Cz, Pz, and Oz). Three additional
electrodes were placed at the outer canthi of both eyes and below the
right eye to register horizontal and vertical eye movements. Linked
mastoids were used as the recording reference and electrode imped-
ances were constantly kept below 5 kΩ. The recording system con-
sisted of a 32-channel DC amplifier (Brain Star System) and the Neu-
roscan data acquisition software that was calibrated with an external
100µV/10 Hz signal. The hardware filter was set to a bandpass of
0.1–70 Hz; A/D rate was 256 Hz.

■ Data analysis

A computerized artifact rejection excluded all segments with ampli-
tudes exceeding 98 µV in any of the EEG or EOG channels within the
first 500 ms after stimulus onset.The remaining artifact-free EEG seg-
ments were then averaged to one Go and one Nogo event-related po-
tential (ERP) for each participant, whereby only trials with correct re-
sponses were included. Subjects with less than 20 artifact-free EEG
epochs in either the Go or the Nogo condition were excluded from
further analyses. In the individual Go and Nogo ERPs the global field
power (GFP; Lehmann and Skrandies 1980) peaks were determined

within a P300 microstate. The GFP represents the mean of all possible
potential differences in a given scalp potential field and is used as an
estimator of the electrical field strength in multi-channel recordings.
At the individual GFP peaks, the amplitude, latency and anterior-pos-
terior location of the positive centroid (the amplitude-weighted cen-
ter of gravity of the positive brain-electrical field; Lehmann 1987)
were calculated.A two-dimensional delineation of the electrode array
was used as a coordinate system with the integers 1 to 5 indicating the
electrode positions in the anterior-posterior and left-right direction
to quantify the centroid locations. Finally, the Nogo-anteriorization
(NGA), defined as the distance between the individual Go and Nogo
centroid within this coordinate system, was calculated separately for
each subject.

■ LORETA method

LORETA (Low Resolution Electromagnetic Tomography; Pascual-
Marqui et al. 1999) is a three-dimensional source localization method
that aims at identifying in three-dimensional space the electrical
sources contributing to the electrical scalp field. To this end, LORETA
calculates the current density at each of 2394 voxels in the gray mat-
ter and the hippocampus of a reference brain (Brain Imaging Centre,
Montreal Neurologic Institute; MNI305) as the linear, weighted sum
of the scalp electric potentials, whereby the smoothest of all possible
current density configurations throughout the brain volume is cho-
sen by minimizing the total squared Laplacian of source strengths.
LORETA does not make any assumptions about the number of
sources contributing to the scalp potentials; the only pre-assumption
that is made is that neighboring voxels have a maximally similar elec-
trical activity. The LORETA method has been described in more de-
tail elsewhere (Pascual-Marqui et al. 1994, 1999; Strik et al. 1998).

The version of LORETA employed in the present study uses a
three-shell spherical head model registered to the Talairach space
(Pascual-Marqui et al. 1994, 1999). In a simulation experiment,
LORETA has been shown to localize sources more reliably than four
other source localization techniques (Pascual-Marqui 1999). Further
studies that aimed at validating the source localization properties of
LORETA have shown that LORETA detects activation in the same
brain areas as other brain imaging techniques during simple acoustic
and visual processes (Pascual-Marqui et al. 1994) as well as during
performance of more complex cognitive tasks (Lehmann et al. 2001;
Mulert et al. 2001; Strik et al. 1998; Winterer et al. 2001). In a combined
ERP-fMRI study that aimed at evaluating the statistical correspon-
dence of cerebral activation measured by LORETA and fMR imaging,
LORETA has been shown to localize activation in similar structures
as fMRI during a language-processing task (Vitacco et al. 2002). The
same was true for a simultaneous EEG-fMRI study employing an au-
ditory oddball paradigm; here the LORETA source localization again
corresponded closely to the activated areas detected by fMRI (Mulert
et al. 2004).

For the present study,LORETA calculations are based on the mean
of the individual GFP peaks. For the CPT Nogo condition, this GFP la-
tency approximated 379 ± 27 ms in controls, 358 ± 46 ms in typically
medicated patients, and 347 ± 30 ms in atypically medicated patients.

■ Statistical analysis

To investigate the effects of typical and atypical antipsychotics on
electrophysiological parameters, the sample of patients was subdi-
vided into two groups according to the participants’ medication sta-
tus.The “typical”group consisted of 26 patients receiving typical neu-
roleptic medication only (648 mg mean chlorpromazine equivalents
per day), whereas the “atypical” group included 13 patients receiving
either atypical antipsychotics only (n = 9; 470 mg mean chlorpro-
mazine equivalents per day) or atypical along with typical medication
(n = 4; mean 431 mg atypical and 184 mg typical chlorpromazine
equivalents per day). The latter two subgroups were combined to the
“atypical” group for two reasons: First, referring to the studies cited
above only atypical antipsychotics were expected to affect prefrontal
structures and second, atypical drugs constituted the major compo-
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nent of medication in the four patients treated with both types of sub-
stances. Chlorpromazine equivalents were calculated according to the
specifications of Laux et al. (2000) on clinical-empirical equivalent-
doses of neuroleptic drugs.

For statistical purpose,2 x 2 analyses of variance (ANOVAs) for re-
peated measurements with the factors “group”(typical vs.atypical an-
tipsychotics) and “condition” (Go vs. Nogo) were calculated for the
patients’ electrophysiological variables (GFP value and latency, posi-
tive centroid in the anterior/posterior direction). Posthoc analyses
were conducted using two-tailed t-tests for matched samples. Reac-
tion times and the mean Nogo-anteriorization (NGA) of both groups
of patients were compared by means of Student’s t-test for indepen-
dent samples. Equality of variances was tested by means of Levene’s
test and corrections for inequality were performed whenever neces-
sary.

Since the numbers of omission and commission errors were not
normally distributed, Mann-Whitney U tests were applied to analyze
these variables.

Furthermore,correlation analyses by means of Pearson’s product-
moment correlations were conducted separately for both groups of
patients to further investigate the influence of the amount of neu-
roleptic medication on behavioral and electrophysiological parame-
ters.

The statistical LORETA analysis for the comparison of different
groups or conditions is based upon a bootstrap method with 5000
randomized samples (LORETA-Key-01 FreeBrainWare, Pascual-Mar-
qui 1999). This procedure gives the exact significance thresholds for
significant differences between groups or conditions, regardless of
non-normality and corrected for multiple comparisons. The diffe-
rences in localization between the two groups of patients and the con-
trol group were computed by means of voxel-by-voxel t-tests for in-
dependent measures of the LORETA images, based on the
log-transformed power of the estimated electric current density.

Results

Typically and atypically medicated patients did not dif-
fer significantly regarding their mean age, duration of
illness, number of admissions to a psychiatric hospital,
total duration of inpatient treatments or mean duration
of the current hospitalization (Table 1). They also did
not differ significantly concerning the overall daily dose
of neuroleptic treatment (mean chlorpromazine equiv-
alents per day). On a behavioral level, both groups did
not differ significantly regarding reaction times, num-
ber of omission or number of commission errors
(Table 2).

To analyze the electrophysiological variables,
ANOVAs for repeated measurements were calculated
with “medication status” (typical vs. atypical drugs) as
the between subjects factor and “condition” (Go vs.
Nogo) as the repeated measures factor. For the Global
Field Power (GFP) this analysis revealed a significant
main effect of the factor “condition” (F1, 37 = 16.81,
p < 0.001) with significantly higher GFP values in the Go
as compared to the Nogo condition (GFPGo = 5.33 ± 1.26
µV versus GFPNogo = 4.32 ± 1.24 µV; t38 = 4.75, p < 0.001).
No significant main effect of the factor “medication sta-
tus” and no significant interaction occurred. For the
GFP latency, no significant main effects or interactions
were observed.

For the positive centroid of the brain electrical field,
the analysis again only revealed a significant main effect
of the factor “condition” (F1, 37 = 20.73; p < 0.001) with

significantly smaller values in the Nogo as compared to
the Go condition (CentroidGo = 3.87 ± 0.36 versus Cen-
troidNogo = 3.35 ± 0.65; t38 = 4.65, p < 0.001), indicating
positive centroids located significantly more anterior
during the CPT Nogo condition.

In the group of patients as a whole, none of the elec-
trophysiological parameters significantly correlated
with the amount of neuroleptic medication. However,
conducting the same correlation analysis separately for
the group of patients receiving typical medication only
and the group receiving atypical antipsychotics, striking
differences emerged: Whereas in the typically med-
icated group no significant correlations were observed,
in the “atypical group” the amount of atypical medica-
tion significantly correlated with the Nogo latency
(r = 0.656, p < 0.05), the location of the Nogo centroid
(r = –0.656, p < 0.05) and the NGA (r = 0.694, p < 0.01)
(Figs. 1 and 2).

Comparing the mean NGA of both groups of patients
directly by means of Student’s t-test, no significant dif-
ference was observed, although the typically medicated
group displayed a mean NGA that was lower than in the
“atypical group” (NGAtyp. = 0.47 ± 0.69 versus
NGAatyp. = 0.62 ± 0.72; t37 = –0.61, n. s.). However, com-
paring the mean Nogo-anteriorizations of both groups
of patients to the mean NGA of the matched control
group mentioned above, only the typically medicated
group of patients tended to have a reduced NGA as com-

Table 1 Patients’ characteristics

Typical Atypical t-values
antipsychotics antipsychotics (df = 37)

n 26 13

Age 34.9±8.4 30.9±6.8 t = 1.13

Duration of illness 70.3±62.5 64.9±56.4 t = 0.26

Number of admissions 3.4±3.0 3.3±2.8 t = 0.04

Tot. duration inpatient 5.6±4.0 7.1±6.7 t = –0.87

Duration current 42.4±35.3 58.6±44.1 t = –1.18

Mean chlor. equ. 647.9±536.2 514.6±260.6 t = 0.84

Mean age, duration of illness since first episode (months), number of admissions to
a psychiatric hospital, total duration of inpatient treatments (months), duration of
current hospitalization (days), and mean chlorpromazine equivalents per day for
the typically and the atypically medicated group of patients (mean ± SD). No sig-
nificant differences occurred

Table 2 Behavioral data (CPT performance)

Typical Atypical t-values/
antipsychotics antipsychotics Mann-Wh.U

n 26 13

RT 539.7±117.6 486.8±78.8 t37 = 1.46

Errors omission 2.2±2.4 2.7±3.9 U = 162.0

Errors commission 2.9±7.4 2.2±6.1 U = 154.5

Mean reaction time (RT; ms), number of commission and number of omission er-
rors for the typically and the atypically medicated group of patients (mean ± SD).
No significant differences occurred
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pared to the healthy controls (NGAtyp. = 0.47 ± 0.69 ver-
sus NGAcontrols = 0.73 ± 0.41, t37 = –1.73, p < 0.1), whereas
the atypically medicated patients displayed a mean NGA
very similar to the control group (NGAatyp. = 0.62 ± 0.72
versus NGAcontrols = 0.73 ± 0.41, t15 = –0.55, n. s.).

With regard to the LORETA source localization, sim-
ilar results were obtained. Based on a previous investi-
gation that found indications for reduced activity of the
anterior cingulate in a group of schizophrenic patients
as compared to a healthy control group (Braus et al.
2001), we used LORETA to compare the Nogo activity of
the two groups of patients and the matched control
group. Comparing the typically and the atypically med-
icated patients directly by means of the LORETA voxel-
by-voxel t-test analysis, no significant differences oc-
curred. However, comparing both groups of patients
separately to the control group, the atypically medicated

patients did not differ significantly from the controls,
whereas the typically medicated patients showed a sig-
nificantly diminished activation of the anterior cingu-
late (BA 24) as compared to the controls (t = 5.03,
p < 0.001) (Fig. 3). No other region of the brain was sig-
nificantly altered in these patients. Furthermore, the
three groups did not differ significantly regarding the
activation pattern evoked by the Go condition of the
CPT.

To ensure that our grouping of atypically medicated
patients and patients receiving atypical antipsychotics
plus a small amount of typical compounds into ‘the
atypical group’ did not bias the present results, we com-
pared the two subgroups of atypically medicated pa-
tients regarding their electrophysiological data. First of
all, the two groups (atypically medicated patients, n = 9
versus patients receiving both typical and atypical an-

a b

Fig. 1 Correlation between NGA (difference of the positive Go minus Nogo centroid) and daily amount of (a) neuroleptic medication (mg) in typically medicated patients
(n = 26) or (b) atypical medication (mg) in patients receiving atypical antipsychotics alone (n = 9) or along with typical medication (n = 4; filled squares). n. s. indicates a
correlation that did not reach significance, ** indicates a significant correlation with p < 0.01

a b

Fig. 2 Correlation between positive Nogo centroid (in unit ‘electrode positions’) and amount of (a) neuroleptic medication (mg) in patients receiving typical antipsychotics
or (b) atypical medication (mg) in patients receiving atypical antipsychotics alone (n = 9) or along with typical medication (n = 4; filled squares). n. s. indicates a correla-
tion that did not reach significance, * indicates a significant correlation with p < 0.05
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tipsychotics, n = 4) did not differ significantly regarding
any of the neurophysiological parameters (t < 1.3,
p > 0.2). This result was confirmed employing a non-
parametric statistical test (Mann-Whitney U) that also
did not find a significant difference between the two
groups of atypically medicated patients (U ≥ 9.0,p ≥ 0.2).
In particular their mean NGAs were quite similar
(0.64 ± 0.83 in the atypically medicated group versus
0.56 ± 0.50 in patients receiving combined medication;
t = 0.18 or U = 18.0, n. s.). Furthermore, excluding the
four patients with combined medication from the corre-
lation analysis revealed that the remaining group of
purely atypically medicated patients still exhibited a sig-
nificant positive correlation between the amount of

atypical medication they were receiving and their NGA
(r = 0.73, p < 0.05).

Discussion

The major finding of the present study is a highly signif-
icant positive correlation between the amount of atypical
medication and the individual NGA in a group of patients
suffering from acute psychotic disorders (cycloid psy-
choses). In contrast, patients treated with conventional
antipsychotics displayed a weak (non-significant) nega-
tive correlation between the amount of neuroleptic med-
ication and the NGA. The significant correlation in the

a

b

Fig. 3 Graphical presentation of the LORETA t-statistics comparing the Nogo-ERPs of healthy controls and typically medicated patients (a) or controls and atypically med-
icated patients (b). The red area indicates the location (ACC, Brodman area 24) of a significantly reduced activity in the typically medicated patients’ brain in an axial, a sag-
gital, and a coronar slice through the reference brain. Black arrows mark the centers of differences in activation
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atypically medicated group can be attributed to a highly
significant negative correlation of the amount of atypical
medication and the positive Nogo centroid (i. e. the cen-
ter of gravity of the positive brain electrical field during
the CPT Nogo condition): The higher the dose of atypical
medication was, the more anteriorly the positive Nogo
centroid was located. The anteriorization of the positive
brain electrical field during the Nogo condition of the
CPT has been shown to be associated with an increased
activation within certain prefrontal structures – particu-
larly the anterior cingulate cortex (ACC) – during the
Nogo as compared to the Go condition (Fallgatter et al.
2002; Strik et al.1998).Therefore, the increased anterior-
ization of the Nogo centroid with growing amounts of
atypical medication might reflect the beneficial effect of
atypical antipsychotics on prefrontal structures such as
the ACC. This interpretation is supported by findings of
Braus et al. (2001), who observed a positive correlation
between the neuronal viability of the ACC and the time
on atypical medication. Such an enhanced prefrontal
neuronal functioning due to atypical drugs might be the
reason for the highly significant correlation between the
NGA/positive Nogo centroid and the amount of atypical
medication observed here. Furthermore, Lahti et al.
(2004) found that the atypical substance Clozapine was
able to normalize an abnormal regional Cerebral Blood
Flow (rCBF) pattern in the ACC during performance of
an auditory discrimination task and a control condition,
whereas the typical compound haloperidol was not.This
finding again supports the notion of improved frontal
functioning under the influence of atypical antipsychotic
treatment.

The assumption that the prefrontal cortex is the locus
of the ability of atypical antipsychotics to improve neg-
ative symptoms and cognitive dysfunction in schizo-
phrenia (Ichikawa and Meltzer 1999; Ichikawa et al.
2002) might be supported by the present findings. Typi-
cal antipsychotics on the other hand have been shown to
exhibit weaker or even negative effects on prefrontal
brain areas (Bartlett et al. 1994; Braus et al. 2001;
Ichikawa et al. 2002; Li et al. 1998; Madsen et al. 1998;
Miller et al. 2001), and therefore would not be expected
to influence the NGA – as a measure of prefrontal re-
sponse control – in a positive way. The weak negative
correlation between the amount of typical medication
and the NGA/positive Nogo centroid that has been ob-
served in the present study goes well with these findings.

In the atypically medicated group of patients another
significant finding was a positive correlation between
the Nogo latency of the GFP peak and the amount of
atypical medication patients were receiving. Given the
fact that the present sample of patients exhibited signif-
icantly decreased Nogo latencies as compared to a
healthy control group (Ehlis et al., in press), this positive
correlation again indicates values that are closer to “nor-
mal” with growing amounts of atypical medication.

The fact that both groups of patients did not show
significantly different mean NGAs or Nogo centroids
might be attributed to the circumstance that patients

with cycloid psychoses do not seem to be as impaired in
mechanisms of prefrontal response control as schizo-
phrenic patients. During performance of the CPT, the
present patient sample as a whole exhibited a slightly –
though not significantly – reduced NGA when com-
pared to a matched control group (Ehlis et al., in press),
whereas a group of schizophrenic patients investigated
by Fallgatter and Müller (2001) displayed a significantly
reduced mean NGA probably reflecting highly impaired
mechanisms of prefrontal response control. These find-
ings fit well with the results of other studies demon-
strating particularly marked frontal impairments in pa-
tients suffering from chronic (schizophrenic) illness
(e. g. Desco et al. 2003) or marked negative symptoma-
tology (e. g. Andreasen et al. 1992; Berman et al. 1997;
Vaiva et al. 2002), factors that are usually not present in
cycloid psychoses, which are characterized by acute
“positive” symptoms and a non-chronic course of the
disease.An impaired interhemispheric transfer was also
particularly present in patients with residual schizo-
phrenia and chronic symptoms, and not in patients suf-
fering from acute, transient psychotic disorders (Gory-
nia et al. 2003). The less severe neurophysiological
impairment associated with acute psychotic disorders
(cycloid psychoses) might then leave less room for a sig-
nificant difference between both subgroups of patients
investigated here. However, comparing the typically and
the atypically medicated group of patients separately to
the healthy control group, the typically medicated group
of patients showed a statistical trend for a reduced NGA,
whereas the atypically medicated patients did not.

The LORETA analyses resulted in the same pattern of
results: Comparing the nogo-related activation in typi-
cally and atypically medicated patients directly by
means of the LORETA voxel-by-voxel t-test analysis,
both groups did not differ significantly. However, com-
paring both groups of patients separately to the healthy
controls, the atypically medicated group did not differ
significantly from the controls (which was also true for
the NGA), whereas the typically medicated patients
showed a significantly diminished ACC activity as com-
pared to the control group. This goes well with the no-
tion that the NGA reflects activation of the anterior cin-
gulate cortex and that atypical antipsychotics exert a
more positive effect on prefrontal structures than typi-
cal neuroleptic drugs.

In summary, the major finding of the present study is
a highly significant positive correlation between the
amount of atypical neuroleptic medication and the
Nogo-anteriorization (NGA) during performance of the
CPT in a group of patients suffering from acute psy-
chotic disorders (cycloid psychoses). Since the NGA is
assumed to be a neurophysiological correlate of pre-
frontal response control, this finding supports the no-
tion of a beneficial influence of atypical neuroleptic
drugs on prefrontal brain function.
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