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Mismatch negativity (MMN) is an event-related poten-
tial derived by subtracting the waveform clicited by a
frequent standard stimulus from that following a
slightly deviant, rare nontarget stimulus. MMN has
been suggested o be a measure of preattentive auditory
information processing * MMN amplitude increases
and latency shortens with the size of the deviation from
the standard stimulus. MMN has some of the properties
of a short-term echoic memory* and can be modulated
by the direction of attention."* Additionally, MMN has
been shown 1o be sensitive (o memory processes.*

MMN amplitude is reduced in patients with schizo-
phrenia,** and changes in MMN topography have
been reported for subgroups of patients with schizo-
phrenia.»# Yet there have been occasional failures to
find reduced MMN in first episode’ or more chroni-
cally ill patients.* In some of the studles reporting im-
paired MMN in schizophrenia, unimpaired MMN was
found in some definite conditions.*** MMN peak
latency in patients with

mask the detection of changes in pitch level. Javict and
colleagues systematically varied stimulus deviance,
Interstimulus interval and interdeviant interval in
control subjects and patients with schizophrenia® and
concluded that MMN reduction is largest under con-
ditions when MMN is normally largest

N in the context of novelty processing with rare.
nonrepeated, nonidentifiable and highly deviant stim-
uli has atracted attention recently. Schroeder et al”
found the novelty-elicited MMN sensitive to differ-
ences in memory performance in elderly subjects. In a
recent magnetoencephalographic (MEG) study, Alho
and colleagues” found evidence for neuronal genera-
tors contributing to the processing of novelty stimuli in
the superior temporal plane. In a recent study combin-
ing electrophysiological and functional magnetic reso-
nance imaging in the assessment of novelty processing,
Opitz et al” found that the superior temporal gyrus is
involved in the detection of novelty processing elicited

was reported by Kathmann et al,* and 2 other studies
reported significant correlations between MMN ampli-
tude and ratings of negative schizophrenic symp-
toms, " Conversely, no correlations between MMN
amplitudes and positive and negazivz- symptoms were
reported in Shelley et al” and Kasai

lffr with rspect o the amount of stimulus deviance,
il i interval, stimulus dura-

through inds. Probable influences of
additional unspecific and frontal generators are dis-
cussed in Escera et al* a study comparing the impact
of standard deviance and novelty deviance on reaction
times and event-related potentials (ERPs). The authors
argue that these might activate 2 different mechanisms
of involuntary attention. The same Idea was proposed
in a recent review on novelty detection by Knight and
Nakada* in which the authors propose a memory-
limbic circuit that is activated

tion and frequency. Differences in experimental designs
{e.g,. dichotic listening tasks and 2- or 3-tone oddball
tasks with activation of fntermodal or intramodal sen-
sory channels) may contribute 1o the difficulties in the
interpretation of inconsistencies among results. Tones
with short durations (.. 50 ms) and low frequencies
(e:8. 600 Hz) may make the detection of deviant stimull
more difficult, and high sound pressure levels may

In patients with schizophrenia, symplom expression
would be expected to chiange in the course of inpatient
treatment, Studies by Schall et al* and Umbricht et al®
confirmed a reduced MMN in patients with schizo-
phrenia, as reported above, but reported no evidence
for amplitude changes with treatment:

To our knowledge, there are no reports that focus on

e
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the novelty-elicited MMN in patients with schizophre-
nia. Here, we assess the novelty information processing
in control subjects and in young patients with schizo-
phrenia within their first episodes on admission and
before discharge from hospital. Our airm was lo investi-
gate probable differences in patients with schizophre-
nia and healthy subjects with respect to auditory nov-
elty processing and the relation of changes In clinical
symptoms to changes in novelty-elicited MMN in the
course of a nonstandard inpatient treatment. A further
feature of our analysis is the separate consideration of
the earlier and later peaks in the MMN waveform.
These will be termed early and late MMN, respec-
tively, reflecting the hypn\hesh that they have separate
functional correlates.

Method

Twenty patients with schizophrenia, dlagnosed

ual of Mental Disorders, fourth edition, (DSM-I [VJ and
based on consensus of 2 senior psychiatrists, and 21
healthy control subjects were assessed in a passive odd-
ball task with 2 stimulus categories. From consecutive
referrals, we selected those patients with a recent fliness
onset (1-3 episodes). Patients were measured within
1-5 days of admission 1o the clinic. At the time of the
first assessment, 15 patients received neuroleptic med
ication, 10 patients received typical neuroleptics (e.g.,
haloperidol, flupenthixol, chlorprothixen) and 5 atypi-
cal neuroleptic medication (e.g.. olanzapine, clozapine,
rispericone) with a chlorpromazine equivalent (CPZ) of
355 (standard deviation (D] 165) mg.*" A second
assessment was conducted of 15 control subjects and 12
patients with schizophrenia before discharge; the inter-
val between recordings was 2-3 months for patients
and controls.

‘The study was approved by the local ethics commit-
tee, and informed consent was obtained from patients
before the assessments. Clinical symptoms were as-
sessed by trained raters with the Positive and Negative
Syndrome Scale (PANSS®), the Brief Psychiatric Rating
Scale (BPRS) extracted from the PANSS. the Global
Assessment of Functioning Scale (GAF?), the Ex-
trapyramidal Symptom Scale (EPSY) and the Abnormal
Involuntary Movement Scale (AIMS). Mean scores of
symptom expressions on admission and discharge are
given in Table 1.

Subjects were comfortably seated in an electrically
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shielded room and read a book while 400 tones were
presented in a randomized sequence of standard (86%.
1200 Hz, 65 dB, 50 ms, 10 ms rise-fall time) and deviant
(14%, novelty stimuli, 65 dB, 50 ms) tones with an inter
stimulus interval of 1.1 s. Novel stimuli comprised tones
of various frequencies between 300 Hz and 2800 Hz
‘with rising or descending slopes (100 Hz/10 ms). ERPs
‘were recorded from 19 sites (10-20 system electrocap)
referenced to linked earlobes and filtered with a band
pass filter of 0.3-70 Hz (24 dB/octave). Balanced im-
pedance was kept below 2 kQ. Data were recorded
with a Stemens EEG21 amplifier and digitized for of-
fline analysis on a PC with a sampling rate of 256 Hz
From the horizontal and vertical electro-oculogram
sweeps with artifacts greater than 50 WV were elimi-
nated from analysis. Artifact free trials were averaged
for standard (sic) and deviant (novel) tones (std con-
wols 272.8 (SD 36.1) trials and std patients 246.5 (SD
64.8) trals [ns]; novel controls 408 (SD 5.3) trials and
novel patients 36.3 (SD 10.0) trials [ns}). MMN was an-
alyzed for the carly and late peak amplitudes and lat-
encies on electrodes F7, F3, Fz, F4, F8, T3, C3, Cz, C1
and T4. The peak for the carly component was scored
in the latency range of 80-140 ms, and the peak of the
late component in the range of 140-300 s, The novelty-
elicited P3a was scored from the deviant stimulus
average curve at Fz, Czand Pz In the latency range of
240-540 ms.

ERPs were compared between groups on the first
recording session by means of multivariate analysis of
variance (MANOVA). To validate ERP scalp distribu-
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tion effects, raw data were adjusted by means of Min-
Max transformation® and submitted to MANOVA.
Changes in ERPs between sessions were assessed by
MANOVA. Difference scores of ERPs and clinical data
were computed between session 1 and session 2. Cor-
relations between MMN and clinical data were com-
puted. Pearson correlation coefficients were used when
both variables showed normal distributions as indi-
cated by the Kolmogorov-Smimov Test. Otherwise,
Spearman’s rhos were calculated. To account for multi-
ple comparisons, o level for correlational analyses was
adjusted 1o p=0.01.

Results

The mean age of the 20 patients with schizophrenia
(8 women, 12 men) was 25.9 (standard deviation [SD}
9.9) years and of the 21 healthy control subjects (10
women, 11 men) was 26.3 (SD 7.6) years. Patients were
in education for 132 (SD 5.4) years and control subjects
for 16.1 (SD 3.7) years. Number of years in education
tended to differ between groups (F = 394, p = 0.054),
but groups did not differ with respect to age (F=0.02,

= 0.86) or sex (? = 0.24, p = 0.62). The neuroleptic
Hose or the 12 patients who were assessed a second.
time was CPZ = 336 (SD 18%) mg on admission and
CPZ =346 (SD 173) mgat discharge.

Group differences of MMN peaks on the first session

Peak amplitudes and latencies of the early and late
component were compared between control subjects
(n=21) and patients (1 = 20, Fig. 1 and Fig, 2). Electrode
(10)  group (2) MANOVAS revealed no differences be-
tween groups with regard to the amplitudes and laten-
cies of the early and late components. As expected, the
main effect of electrode was highly significant (p <
001) in all 4 analyses. With Min-Max transforraed am.
plitude data, we found a significant electrode effect in
the analysis of the carly component (F= 17.5, p< 0.001)
but not the late component (F= 1.0, p=0.42).

MMN peak charges betsween sessions

To assess changes in the novelty-elicited MMN over
time, we analysed the early and the late MMN ampli-
tudes and latencies by means of electrode (10) x
group (2) x session (2) MANOVAS in patients (n = 12)
and controls (n = 15). As expected, the main effect of

electrode was significant (p < 0.01) with respect to
amplitudes and latencies of the early and late compo
nent, The main effect of session was significant for the
amplitudes of the early and late components (early F=
5.18, p = 0.03; late F = 4.85, p = 0.03). Mean MMN am-
plitudes were reduced on the second session in both
groups. Effects involving the group factor were signif-
icant only for the late component amplitude interac-
tion of group x session (F = 459, p = 0.04). Ampli-
tudes were reduced in patients with schizophrenia on
the second session. Additionally, a trend emerged for
the 3-way interaction (group x electrode x session) for
the amplitudes of the late component (F = 182, p =
0,06). Regarding latency. no 3-way interactions were
found for the early and late components (Fig. 2B and
Fig. 2C)

Subsequent group (2) x session (2) MANOVAS were
conducted separately for the 10 electrode sites. Ampli-
tudes of the late component were reduced in patients
with schizophrenia on session 2 on the left site and in
the roidline; F7 (F = 7.75, p = 0010), F3 (F = 955,
0.005), Fz (F = 5.90, p = 0023), T3 (F = 1353, p = 0.001),
C3 (F=8.13, p=0.009). In control subjects, amplitudes
of the late component remained stable (Table 2).

Significant main effects for session were found for
the early component at eletrode FY (F = 17.26. p <
0.001), Fz (F = 622, p = 0.020), T3 (F = 10.40, p = 0.003)
and C3 (F = 6.27, p = 0.019). Amplitudes decreased
between sessions. Main effects of amplitude reduction
between sessions were found for the late component
F7 (F= 775, p = 0.010), F3 (£ = 955, p = 0.005). Fz (F =
591, p=0023), T3 (F= 1353, p=0001), C3 (F= 813, p=
0.009). Use of chlorpromazine equivalents as a covari-
ate did not alter the results.

In the analysis of Min-Max transformed data for the
carly component, we found a significant electrode
‘main effect (F = 8.1, p < 0.001) and an electrode x ses
sion interaction (F = 529, p < 0.001). The analysis of
Min-Max transformed data for the late component
MANOVA revealed a significant electrode main effect
(F = 368, p < 0.001) and an electrode x session interac-
ton (F = 529, p < 0.02). No effects were found regard-
ing the group factor.

Treatment effects

A PANSS subscale (positive, negative, general [3)) x
session (2) MANOVA indicated significant reductions
in all 3 subscales (F= 7184, p < 0001, Table ) to differ-

T Revuede pryebiatee & do neurdsclence.

oAl

0 Vallg6, e 3, 2001



| Novelty-eligited mismétot negatiity in schizophrenia.

ent degrees (F = 6.75, p = 0.005). A comparison of nega-
tive and positive symptom subscales indicated a trend
for a more pronounced reduction of positive than neg
ative symptoms (F = 3.7, p = 0.078). BPRS and GAF
symptom s lmpmwd significantly with treatment
(BPRS F = 28.17, p < 0.001; GAF F = 19.1, p < 0.001)
Neither the scores on the EPS and the AIMS nor the

Correlations between symptom expression
in patients and ERPs on admission

There were no significant correlations between ampli-
tudes of the early component and clinical symptom
expressions in patients with schizophrenia. The ampli-
tude of th lte coraponent st F was corlated with

s changed
between sessions.

(r=-055. p= 001); the amplitude
s vt subjects with high negative symptom

Patients
with

e

sctizoprenia
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Healthy
control
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Fig. 1: Event-related potentials (ERPs) to standard (thin line) and novel (bold line) stimuli on Fz and F7 in patients with
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Fig. 2 Novelty-eliited mismatch negativity (MMN) difference wavos. A: Comparison of 20 patients (bold fine) and 21
controls (thin line) on admission. B: Comparison of 15 control subjects on test (thin lino) and retest (bold line). C:
12 pationts with ine) (bold line).
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expressions. Latencies of the late component were
negatively correlated with positive symptoms at T3
(= ~0.65, p = 0.002, Fig. 3A); patients with high ex-
pressions of positive symptoms showed shortened
late-component latencies.

Correlations between difference scores of clinical
symptoms and MMN over time

Positive symptoms corvelated negatively with latencies of
the early component at Cz (r=-0.70, p= 001) and C4 (=
072, p = 0008, Fig. 3B) and PANSS total scores corre-

trend for reduced P3a amplitudes n patients with
schizophrenia (2 1227 [SD 8.6] uV, Cz 16,04 [SD 12.0]
UV, Pz 16.9 [SD 12.8] V) as compared with healthy
controls (Fz 19.27 [SD 14.7] uV, Cz 23.90 [SD 15.7) V.
P224.31 [SD 12.5] pV: F = 373, p = 0.06). In follow-up
analyses for electrodes Fz, Cz and Pz, no sigaificant
results were obtained. For P3a latency data, we found
prolonged P3a latencies in patients with schizophrenia
(F2 3360 [SD 18.6] ms, Cz 3322 [SD 25.1] ms, Pz 346.2
1SD 25.7] ms) as compared with controls (Fz 328.7 (SD
27.3] ms, Cz 3186 (SD 402 ms, P2 322.9 [SD 34.4) ms:
F =43, p = 0.05). This effect was due to significant
latency diff electrode Pz (F= 59, p=0.02)

lated negatively with the | por
&t Cz (r=-065, p=001) and C4 (r=-070, p=001). BPRS
scores correlated negatively with latencies of the early
component at Cz (r =067, p=001) and C4 (r=-0.72 p=
0.008). These data indlicate that improvements in dlinical
symptoms were associated with prolonged latencies of
the early componient in patients with schizophrenia.

P3a

Group (2) x electrode (3 MANOVAS at session 1 in-
volving 20 patients and 21 control subjects showed a

‘The analysis of retest data with group (2) x electrode
(3) x session (2) MANOVAS revealed significantly re-
duced P3a amplitudes in patients over both sessions (F=
602, p=0.02). This was due mainly to amplitude ciffer-
ences at electrodes Fz (session 1/2 patients 9.8/14.1 (SD
77/10.1] V., controls 202/20.1 [SD 156/109) pV, F =
42, p=0.05) and Cz (session 1/2 patients 126/17.1 [SD
9.3/89) uV, controls 26.3/21.8 [SD 17.4/11.4] uV; F =
47, p = 0.04). No significant effects were found for la-
tency data in the analysis of treatment effects or in cor-
relation analyses of P3a amplitude and latency data.

o ctrodes F7: Bz and
Group, mesn amplitude or stency (and SD)
Contros, Paterts on Controls. Patients on Control, Patents on
N e admission session 1 admission session 2 charge
or atency 2 =15 n=12 =15 =12
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Discussion

MMN on admission

In our study, novelty-elicited MMN was not reduced
in petients with schizophrenia on admission. This is in
line with results on conventional MMN reported by
O'Donnell et al* and Kathmann et al.* but not with
those of many others, among them Shelley et al* Javitt
etall* and Oades et al.# who reported reduced MMN in
patients with schizophrenia. These studies used rare,
repeated, low deviant stimuli and shorter interstimulus
intervals that may be characterized as conventional

A

oy component VAR incy 4, 72T

PANSS poste syt ssra 2T

Fig. 3A: Scatterplot of late-component MM latency at
T3 with PANSS positive symptoms.

Fig. 38: Scatterplot of early-component MMIN latency dit
farenca score at CA (session 2 - sosssion 1, T2-T1) with
PANSS positive symptom differenca score (T2-T1).

MMN.* In contrast, we used rare, nonrepeated, non-
identifiable and highly deviant stimuli with a long inter-
stimulus interval (novelty-clicited MMN).

These differences in stimulus characteristics and
interstimulus interval length raise the question of
whether our experimental procedure (o induce novelty-
elicited MMN can be considered “MMN” as it has been
established by Natinen and colleagues.' As reported.
above, some evidence for equivalence of conventional

d MMN prin has b

an
reported by Alho et al* Visual inspection of the aver-
ages of standard and deviant stimuli show the peak
amplitude of the MMN in the descending part of the
NI to the standard tone (Fig. 1). In schizophrenia re-
search, large interstimulus intervals have been used by
several authors, for example Javitt et al* (1300 ms)
O'Donnell et al* (1200 ms) and Kreitschman-
Andermahr et al* (1000 ms). Recently, Shelley and
colleagues*® studied the influence of different interstim-
ulus intervals (between 250 ms and 4 5) on MMN and
NI in patients with schizophrenia; they found that al-
terations of the interstimulus interval affected the am-
plitude reduction in patients with schizophrenia with
regard to the NI but not the MMN.

We suggest that the difference wave elicited by novel
sounds shares major characteristics with the conven-
tional MMN that are further modulated by novelty-
specific generators. This modulation might be comper-
able to that seen with the influence of atiention on the
major attention-independent characteristics of the
MMN_ Escera et al* and Knight and Nakada” pro-
posed that novelty-clicited MMN is modulated by
neuronal generators that specifically process novelty-
related information. Saigusa et al® related novelty-
specific processing o the functioning of mesolimbic
structures. Our results indicate that this form of novelty-
elicited MMN is not impaired in patients with schizo-
phrenta on admission.

MMN in the course of treatment

We found reduced early and late MMN components at
retest in both groups. Although patients showed a
reduuction of MMN with regard to early and late MMN,
the interaction effect between group and session was
significant only for the late MMN component. This
effect was due to a different amount of amplitude
change over time in control subjects. It is of interest
that the MMN in patients on admission was associated

T T v de vyt e oo
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with a negative shift which emerged with the early
component of the MMN and did not return to baseline:
with the end of the late MMN companent. It may be
suggested that the cortical processing of the novel stim-
uli triggered some MMN-dependent processing that
did not stop with the end of the late MMN in our
young patients with schizophrenia on admission. Re-
garding the 2 MMN components, Sussman et al* re-
ported in a recent study on MMN that the appearance
of the early and the late component depended on the
length of the stimulus fnterval, and Baldeweg et al”
found support for the hypothesis that the functional

N2 amplitudes in patients with schizophrenia have
been reported by several authors, including Umbricht
et al® Polts et al* and Kasal et al.* Umbricht and col-
leagues® assessed the influence of traditional (haloper
idol) and new (clozapine) neuroleptic treatment on
MMN, N2 and P3 and found only the P3 1o be affectec!
by the treatment. They argued that the N2b component
may be more closely related to the MMN than to the

the MMN and the N2b component and suggesied a

the early
10 early feature-detection processes located in the tem-
poral cortex, whereas the late component might de-
‘more on attentional processes probably mediated

by frontal lobe funiction.

In the 2 reports on conventional MMN in the course
of treatment in patients with schizophrenia, Schall et
al* and Umbricht et aF* found no changes with treat-
ment. The major methodological difference between
those studies and ours was their use of a conventional
MMN procedure, defined by repeated low deviant

vals.'© Catts et al” prop
MMN amplitude might be a marker of an underlying
biological deficit in patients with schizophrenia. In con-
trast, our results on novelty.-elicited MMN indicate that

strong from the system
(MMN) to the controlled mismatch processing (N2b)
According to this view, our (nonsignificant) early

IMN reduction at session have had some im
pact on the significantly reduced late N2b-like MMN
However. it remains unclear why we
found no reduced early and fate MMN components on
admission. According to our results, first- (o third
episode patients with schizophrenia may generate
unimpaired early and late N2b-like MMN components
when large deviant novel stimuli are applied.

MMN topography
Resuls o the umerous studies of MM toporaphy

in schizophrenia®*#%41% have been incongruous.
results are comparable to Lhose of Hicayasu et al* and

it might be modulated by state-dependent symptoms
ia. In tudies, of

patients with & long illness was associated with a re-
duction of the early MMN component.# In contrast to
these results with conventional MMN, with novelty-
clicited MMN we found that elevated amplitudes of
the late component were mmelawd with high negative
symptors on admissior

MMN and N2b

‘The appearance of the late MMN in the latency range
of the traditional N2b component at about 200-220 s
in control subjects suggests that the late component is
functionally equivalent to the N2b component, which
has been associated with stimulus categorization in the
context of behaviorally relevant stimuli.#* It can be
argued that more novelty induces an attention switch
that involuntarily assigns active resources to the analy-
sis of the novel stimulus. This analysis may then result
in the occurrence of the N2-like component. Reduced

al* They reported re-
duced MMN amplitudes, cspccla]ly over the left hemi
sphere of patients with schizophrenia. However, with
Min-Max transformed data we found no evidence for a
relevant topographic shift in patients compared with
control subjects. For this reason, the interaction effect of
topography, group and session in the raw data analysis
must be interpreted with caution. The successful iden-
tification of probable laterality effects will have to rely
on larger patients samples.

Latency correlations

Correlational analyses indicated that high positive
symptom expressions were associated with shortened
MMN latencies. Overall clinical improvements mea-
sured by PANSS were associated with latency prolon
gation. Kathmann et al® found prolonged MMN laten-
cles in patients with schizophrenia and those
dependent upon alcohol. Increased latencies were
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interpreted in terms of a slowing of automatic informa-
tion processing in both patient groups. The sensitivity
of the MMN latencies to clinical symptoms in our
study are in line with results suggesting difficulties of
patients with schizophrenia in separating stimull.

These data emerged from experiments on sensory gat-
ing* Difficulties in temporal discrimination of stimuli
in patients with schizophrenia have also been associated
with a dysfunction in the fronto-thalamo-cerebelar
circut, as proposed by Andreasen et al* Our data sug-
gest that patients with schizophrenia need o take more.
time with the first analysis and evaluation of auditory
stimuli. An overly rapid stimulus evaluation may be
associated with errors in stimulus processing and with
ertors in the integration of processing results into exist-
ing neuronal networks.

P3a results

In previous studles with patients with schizophrenia,
the processing of auditory novel nontarget sounds has
been assessed with respect to the P3a component. Our
results are consistent with those of Grillon et al* who
found reduced P3a and P3b components in patients
with schizophrenia and those of Mathalon et al* who
reported a reduction of the P3a amplitude in patients
that was similar to that of the P3b and an association
between P3a and symptoms of anxiety and depression.
Amplitude reductions of the frontal P3a-like compo-
nent have been assoctated with deficits in orfenting to
auditory stimuli, with dysfunction of the anterior
cingulate™™ and with prefrontal and medial temporal
Iobe lesions.* Our result of prolonged P3a latencies in
patients at session 1 are in line with recent reports on
P3a latency prolongation.”** Mathalon et al" reported
evidence for an increased age-dependent latency pro-

Our data indicate that there might be differences in the
processing of novelty-elicited and conventional MMN
in patients with schizophrenia and that both might be
related differentially to clinical symptom expression.

However, this study was intended as a pilot study to
assess whether there might be abnormalities in the pro-
cessing of the novelty-elicited stimuli. Oply a study
comparing the interaction of conventional- and novelty-
elicited MMN in passive and active conditions can give
direct evidence of the difference between conventional-
and novelty-elicited MMN in subjects with schizophre-
niaand clarify the relation between the novelty-elicited.
MMN and the N2b.

Another limitation of this study is the small number
of subjects in the retest part of our study which limits
the power of detecting relevant deviances in ERPs and
their associations with clinical data. Concerning the
stability of novelty-elicited MMN, we recently con-
ducted a method-oriented comparison of the novelty-
elicited MMN and the conventional MMN in healthy
subjects in a test-retest design. In this study, ampli-
tudes in the novelty-elicited MMN condition were
higher than those in the conventional MMN condition.
Additionally, retest coefficients were highest for the
novelty-elicited MMN as compared with the MMN
difference waves elicited by conventional duration
decrement and frequency deviance * In this study, we
averaged about 50 trials per condition and found retest
coefficients of about r = 0.8 in the novelty condition.
Thus, we have shown that the novelty-elicited MMN
can be assessed reliably with a similar nurber of tials
as reported here.

Conclusion

Tongation of the P3 in p
pared with that of healthy control subjects. In our
study, we assessed first- to third-cpisode patients,
which limits the amount of varianice in our sample.
Because of this factor and our limited sample size, we
are not able to report significant correlations between
P3 prolongation and llness duration

Limitations
The interpretation of our results is limited by the 2-

stimulus condition design; we therefore cannot com-
pare conventional and novelty-elicited MMN directly.

that novelty-elicited MMN and
measure different aspects of early auditory information
processing. In contrast to previous results on conven-
tional MMN. we found novelty-elicited MMN to be
associated with state-dependent clinical symptom
expressions in patients with schizophrenia. However,
because of the small sample our results have to be con-
sidered preliminary. To our knowledge, this is the first
report on novelty-elicited MMN in patients with schiz-
ophrenia; our data suggest that it may be useful to
compare the differential effects of standard and novelty-
elicited MMN in patients with schizophrenia in the
course of treatment.

Our data provide indirect evidence for the suggestion
at MMN
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