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Abstract

Introduction: In young, first-episode, productive, medication-naive schizophrenics, EEG microstates
(building blocks of mentation) tend to be shortened. Koenig et al. (1999) suggested that shortening
concerned specific microstate classes. Sequence rules (microstate concatenations, syntax) conceivably
might also be affected.

Methods: In 27 patients of the above type and 27 controls, from three centers, multichannel resting EEG
was analyzed into microstates using k-means clustering of momentary potential topographies into four
microstate classes (A-D).

Results: In patients, microstates were shortened in classes B and D (from 80 to 70 ms, and from 94 to 82
ms, respectively), occurred more frequently in classes A and C, and covered moretimein A and lessin
B. Topography differed only in class B where LORETA tomography predominantly showed stronger
left and anterior activity in patients. - Microstate concatenations (syntax) generally was disturbed in
patients; specifically, the class sequence A® C® D® A predominated in controls, but was reversed in
patients (A® D® C® A).

Conclusions: In schizophrenics, information processing in certain classes of mental operations might
deviate because of precocious termination. The intermittent occurrence might account for Bleuler's
"double bookkeeping”. The disturbed microstate syntax opens anovel, physiological comparison of
mental operations between patients and controls.

Key Words:
Human EEG microstates;, EEG spatia analysis, microstate transition probabilities; state dependency.
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1. Introduction

Schizophrenic psychopathology typically is not homogenous over time; from moment to moment,
patients might display or not display pathology. Disordered thoughts, hallucinatory percepts or
delusional interpretations may repeatedly be present and not present during the same interview; the
patient's state can change within fractions of a second, and frequently includes normal, reality-adequate
thoughts and behavior. In fact, the instability of psychopathology is an adjuvant in diagnostics that
distinguishes schizophrenic conditions from intoxication or drug conditions. Diagnostic classification,
and ratings of the patients verbalizations or of other behavior accordingly reflect the observations
obtained over some time, at least minutes.

Similarly, physiological brain activity is measured over extended times, typically covering at |east
many seconds (EEG spectral analysis and EEG dimensional complexity, Event-Related Potentials,
fMRI) up to several minutes (PET). In such studies, stability of functional stateisnot explicitly assumed,
but variance over the measurement epochs is not examined. The time averages of psychological,
behavioral and physiological measures have described numerous, clear differences between patient
groups and normals. The results of these studies - which applied very different measurements and
paradigms - converge on the concept that the disturbance underlying schizophrenic mentationisa
degraded functional organization (a degraded connectivity, cooperativity, coordination) between brain
processes and brain regions (e.g., Galderisi et al., 1992; Koukkou et al., 1993; Friston, 1996; Saito et al.,
1998; Andreasen et al., 1999; Buchsbaum et al., 1999; Tononi and Edelman, 2000; Winterer et al., 2000;
Josin and Liddle, 2001; Koenig et al., 2001; Strelets et al., 2001; Ford et a., 2002; Gruzelier, 2002;
Gruzelier et al., 2002; Kubicki et al., 2002; Lawrie et al., 2002; Winterer et al., 2003).

But, the approaches above with their limited time resolution cannot assess the basic structure of the
functional aberrationsin the patients. Interactions of a person with his/her environment obviously occur
within fractions of seconds when acting on and responding to environmental information. Spontaneous
mentation and behavior in normal individuals as well as in schizophrenic patients variesin thistime
range. The behavior of schizophrenic patients with their rapid changes between reality-oriented and
reality-remote thoughts and associationsis apoint in case (Bleuler, 1911).

A holistic approach to temporal segmentation of brain electric activity considers that the whole brain,
as any other system, can be said to be in one particular state at each moment in time, however complex
the state might be (Ashby, 1952). The momentary, spatia configuration of the brain electric field
reflects the momentary state: Different spatial configurations of the brain electric field, i.e. different
landscapes or distributions of brain potentials must have been caused by activity of different, cerebral
generator neurons. It is reasonable to assume that activity of different neural populations incorporates
different brain functions; thus, different distributions of brain potentials areindicative of different global,
functional states.

Ongoing, spontaneous EEG can be displayed as series of instantaneous scal p maps of potential
distributions or potential landscapes (Lehmann, 1971) by constructing a map of the potential values for
each time point using all electrodes instead of the traditional construction of awaveshape for each
electrode using all time points. Examination of the series of such momentary maps revealed that the
maps' landscapes change in a non-continuous manner. Accordingly, the map series can be parsed into
temporal segments of quasi-stable map landscapes, into 'microstates. These microstates can be observed
in spontaneous EEG (below) aswell asin Event-Related Potentials (see e.g. Lehmann and Skrandies,
1980; Brandeis and Lehmann, 1989; Michel et al., 2001; Skrandies 2002). In wakeful, eyes closed,
resting EEG, microstates showed mean durations of around 100 milliseconds (Lehmann et al., 1987).
Different types of mentation (classes of thought) were associated with microstates of different potential
landscapes (Lehmann et al., 1998); microstates were therefore suggested to be putative 'atoms of
thought', basic psychophysiological units of cognition and emotion. Successive microstates accordingly
would incorporate the corresponding, successive current contents of the global workspace proposed by
Baars (1997). Microstates in spontaneous EEG were studied during development (Koenig et a., 2002),
during normal levels of vigilance (Cantero et a., 1999) and in disease conditions (e.g., Merrin et al.,
1990; Dierks et a., 1997; Kinoshitaet al., 1995; Strik et al., 1997; 1hl and Brinkmeyer, 1998; Koenig et
al., 2003). Concatenation between microstates was studied in normals, yielding an asymmetric
transition matrix (Wackermann et al., 1993); it was hypothesized that normal and abnormal mentation
might employ different concatenations of microstates (Lehmann et al., 1998).
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These observations of a discontinuous structure of spontaneous brain electric activity that isformally
segmentable into microstates lead to the conclusion that the subjectively continuous "stream of
consciousness' is composed of identifiable building blocks. In this conceptual framework, the
observation of seemingly coexisting psychotic and normal mentation and behavior in the patients would
be accounted for by frequent, intermittent, and repeated occurrences of microstates with deviant
properties or deviant concatenations, thereby causing the failure of some and the success of other
cognitive operations within very short time intervals.

In two studies on young, first-episode, medication-naive, acute schizophrenics, microstates were
found to be shorter than in healthy controls (Koukkou et al., 1994; Kinoshita et al., 1998), while athird
study (Table2in Stevenset al., 1999) also reported shortened mean durations, but no significant overall
effect. A sequential microstate segmentation approach was used in these studies (Lehmann et a., 1987;
Strik and Lehmann, 1993). An alternate, global approach for microstate analysis (Pascua-Marqui et al.,
1995) sorts all datainto afinite number of microstate classes. Applying this latter, global microstate
analysis approach, Strelets et a. (2003) reported shortened microstate duration in one of four microstate
classes in chronic, positive symptomatology schizophrenics, and Koenig et al. (1999) also reported
microstate shortening preferentially for one of four microstate classes in young, first-episode,
medi cation-naive schizophrenic patients.

To follow up on these findings, we analyzed data from 27 young, acute, first-episode,
medi cation-naive patients and their controls that became available in cooperation with three
independent centers.

We tested the hypotheses that microstates in young, first-episode, medication-naive, acute
schizophrenic patients (a) are generally shortened, that (b) this shortening selectively affects specific
microstate class(es), and that (c) the concatenation (syntax) of the microstate classesis altered in the
patients.

2. Methods
2.1. Subjects

EEG recordings were collected from young, acute, first-episode patients presenting with productive
schizophrenic symptomatology before initiation of medication, and from age- and gender-matched
controls. All subjects were self-reported right-handers. Subjects with prior medication, a history of
alcohol or drug abuse, head trauma, epilepsy or other disease that might involve or affect brain functions
were excluded. The data were collected in three ingtitutions (centers): Neuropsychiatry Dept., Kansai
Medical University, Osaka, Japan; Psychiatry Dept., University of Naples SUN, Italy; and Lab. Clin.
Psychophysial., Psychiatry Dept., University Hospital Benjamin Franklin, Free University of Berlin,
Germany. Eventually, after careful review of the patient histories and of the EEG recordings, data from
27 patients and their matched (27) controls were included, 9 (9) from Osaka, 6 (6) from Naples, and 12
(12) from Berlin. Mean age of the 27 patientswas 23.9 (S.D.=5.4, range=17-32) years, of the 27 controls
24.4 (S.D.=4.5, range=17-32). There were 9 women and 18 men in both groups. Eighteen of the patients
were diagnosed as paranoid type (295.30), seven as undifferentiated type (295.90), and 1 each as
hebephrenic type (295.10) and catatonic type (295.20), using DSM I111-R in Osaka, DSM 1V in Naples,
and ICD-9in Berlin.

The Ethics committees of the involved institutions accepted the study. The concept was explained to
the patients and the control subjects, and written informed consent was obtained (from the parentsif the
patient was under age).

2.2. Recording and data preparation

Electrodes were attached according to the 21 standard locations of the International 10-20 System: 19
locations were used in Osaka (Fpz and Oz omitted), 16 in Naples (additionally omitted: Fz, Cz, Pz) and
all 21 locations in Berlin, and recorded against linked earlobes, in Osaka with 0.3-30 Hz bandpass and
digitized at 128 samples/sec/channel (Brain Atlas, Bio-logic Systems, Mundelein, IL, USA), in Naples
and Berlin with 0.3-70 Hz, digitized in Naples at 312 samples/sec/channel (HZI Research Center,
Tarrytown, NY, USA) and in Berlin at 166.6 samples/sec/channel (Walter Graphtek, L iibeck, Germany).
The subject was comfortably seated and instructed to relax, and then, to close the eyes. The EEG data
during this resting condition, starting with the moment of eye closure were used for further processing.
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Off-ling, all datawere converted in Zurich to acommon file format and digitally band-passed (2-20
Hz). The Berlin and Naples data were downsampled to 128 samples/sec/channel for convenience of
further processing (this filtering and downsampling is compatible with the Nyquist sampling theorem).
All datawere divided into epochs of 2 seconds each for the Osaka and Berlin data, and 1.641 secondsfor
the Naples data (corresponding to 512 of the original samples, because epoch-divisioning had been done
prior to band-passing). All data epochs were carefully reviewed for artifacts (eye movements, body
movements, muscle activity, technical artifacts). Epochs contaminated with artifacts were rejected. For
each subject, thefirst 20 artifact-free epochs (25 for Naples) starting immediately after eye closure were
accepted from the avail able eyes-closed recordings. On the average, 36.7 seconds (S.D.=7.4)
artifact-free EEG data were available for each patient, and 38.5 seconds (S.D.=4.4) for each control
subject.

Then, all epochs were recomputed to average reference (i.e., removing spatial DC potential offset),
and transformed into sequences of maps of momentary distributions of scalp potentials, thereby
resulting in >250,000 momentary maps.

2.3. Microstate analysis

For the microstate analysis (Lehmann et al., 1987), the global approach (Pascual-Marqui et al., 1995;
Koenig et al., 1999) was applied that sorts the submitted, momentary maps into a small number of
map-landscape defined classes (software EMMA by T.Ko., free at www.puk.unibe.ch/tk2/tk.htm), as
follows:

Out of al momentary maps, the maps with an optimal signal-to-noise ratio were selected for further
analysis. This was done by computing a curve of Global Field Power (Lehmann and Skrandies, 1980)
for each of the >1000 multichannel data epochs (each of 2 s duration for Osaka and Berlin, 1.641 sfor
Naples), thereby producing a one-number-value of field strength for each time point, i.e., producing a
single curve from the multichannel datafor each data epoch. At all time points of local maximal values
of this curve of Global Field Power, i.e., of optimally pronounced potentia landscape (optimal signal to
noise ratio), the momentary potential distribution maps were selected for further analysis (called
‘original maps; see also Fig. 1); atotal of over 40,000 original maps was thus entered into microstate
anaysis.

Microstate analysis started with a bottom-up path (steps 1-4 below) for the construction of the
microstate classes, separately for the two subject groups and the three centers. Then followed a
top-down path (steps 5-7) to identify corresponding microstate classesin the centers and groups, and to
label the original maps. For all computations, the spatial configuration of the potential distributions was
used while disregarding their polarity (Lehmann et al., 1987). The steps were as follows:

2.3.1. Four model maps for each subject. For each subject, using modified k-means clustering with
repeatedly and randomly selected original maps as seeds, all origina maps were clustered into four
classes of maps following earlier studies (Pascual-Marqui et al., 1995; Koenig et al., 1999, 2002, 2003;
Strelets et al., 2003). The clustering criterion was Global Map Dissimilarity (Lehmann and Skrandies,
1980) between the original maps, disregarding map polarity. The four microstate classes accounted for a
mean of 83.4% (S.D.: 6.0%) of the data variance across patients, and of 84.6% (S.D.: 4.6%) across
controls. For each of the four map classes of each subject, an 'individual model map' was computed by
averaging all member maps of the class after permutating the maps' polarities for minimal variance of
the mean.

2.3.2. Four classes of model maps common across subjects. Separately for each center, and separately
for controls and patients, 'group model maps' were computed from the individual model maps. This
procedure used k-means clustering asin (2.3.1.), but instead of selected seeds examined all possible
seeds, and was constrained to produce one-to-one assignments of the subject’'s individual model mapsto
the group model maps. Two sets of four group model maps (a set for patients and a set for controls)
resulted for each center.

2.3.3. Four model maps common for both groups. From the group model maps, for each of the three
centers separately, four 'center model maps' were generated by averaging the best-fit pairs of the
patients' and the controls' group model maps; the assignment procedure was identical to (2.3.2.).




schizo_microstate pre publ - 6/18 - 04_jun02

2.3.4. Averages across centers. In order to combine the center model maps across centers,
corresponding electrode positions were needed; the Osaka maps had 19 positions; the 2 additional
positions in the Berlin maps were omitted, and the three missing midline positions in the Naples maps
were linearly interpolated using the nearest neighbors' positions. Then, applying the procedure in
(2.3.2.), one set of 'grand mean model maps (four maps) were computed from the three sets of center
model maps (four maps each). These four grand mean model maps were very similar to the four maps
reported by Koenig et al. (1999) and therefore were labeled correspondingly as 'microstate classes 'A’,
'B','C'and'D'.

2.3.5. Class-labeling of the center model maps: The class-labeled, four grand mean model maps were
used to identify the microstate classes across centers. Each of the four center model maps of each center
was class-labeled by assigning it to the best-fitting grand mean model map, using minimal Global Map
Dissimilarity between the grand mean model maps and the tested center model maps as criterion, and
permutation of the assignment for minimal overall variance. Thereafter, the el ectrode schemes of the
center model maps were reconstituted for each center.

Thus, the interpolation and omission of electrodes in 2.3.4 was needed only for the alignment of the
center model maps across centers. The subsequent labeling of the group model maps (2.3.6), and the
following steps of recognition and labeling of the microstates (2.3.7) was done for each center after
re-constitution of the original el ectrode schemes. The interpolation and omission of electrodes based on
center model mapswould therefore affect each center’ s controls and patientsin identical ways and would
not introduce systematic group effects. Also, when the averages across centers (2.3.4.) and the
class-labeling of the center model maps (2.3.5.) was done using only the 16 electrodes that were common
to all centers, the outcome remained identical, indicative of robust results.

2.3.6. Class-labeling of the group model maps. For each center, the four class-labeled center model
maps with their re-constituted, original electrode schemes then served as templates to assign the four
group model maps of the controls and the four group model maps of the patients to the four classes, and
thereby label themas A, B, C and D. For each center, the labeled, four group model maps of the controls
had a high common variance with the corresponding group model maps of the patients: Osaka 86.3%,
Naples 81.7%, Berlin 88.3% (85.4% on the average across the three centers).

The class-labeled group model maps (4 microstate classes, 2 groups) of each center were used for the
final step of the analysis.

2.3.7. Recognizing and labeling the microstates. In this final step, the class-labeled group model maps
served as templates to assign each original map of each subject to one of the four microstate classes,
separately for groups and centers, using minimal Global Map Dissimilarity between the group model
maps and the tested original map as criterion. Successive original maps that were recognized to belong
to the same microstate class were joined into one microstate. Fig. 1 illustrates an example. In the data
from the 54 subjects, atotal of over 23000 microstates were recognized and entered into final analysis.
Four parameters of all microstates were computed for each microstate class of each subject (see below).

2.4. Visualization of the microstate class maps

For visualization of the potential landscapes of the four microstate classes, 'average group model
maps' (Fig. 2) were computed from the label ed group model maps across the three centers, separately for
patients and for controls. Since an equal number of channels was needed for this computation, the
truncated or extended group model maps with 19 positions were used. However, the microstate
parameters (bel ow) were computed from the mapsin their center-specific configurations (21, 19 and 16
electrode positions, respectively).

2.5. Microstate parameters
From the microstates of each subject, the following four parameters were computed:

'‘Duration’ of amicrostate is the time epoch, in milliseconds, during which all successive, original
maps were assigned to the same microstate class, starting (ending) at the midpoint in time between the
last original map of the preceding microstate and the first original map of the following microstate. For
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each subject, mean microstate duration for each microstate class (A, B, C, D) was computed and, in
addition, mean duration of all microstates regardless of microstate class assignment (labeled ‘al’).

'‘Occurrencels isthe number of occurrences of the microstates of agiven class (and, of all microstates
regardless of class assignment) per second, across all analysis epochs.

‘Time coverage' is the mean time in milliseconds (referred to 100 milliseconds) that was covered
across al analysis epochs by al microstates of agiven class; thisvalue can a so be read as percentage of
time of the entire analysistime.

Note that for an individual subject, each of the three parameters duration, occurrence/s, and time
coverage can be derived from the other two, but that thisis not true anymore for the averages over
subjects.

'Global Field Power peaks/s isthe total number of original maps (=peaks of Global Field Power) of a
given class divided by the total time (in seconds) covered by this class. 'Global Field Power peaks/s was
also computed disregarding class assignment (‘all"). Because Global Field Power reflects the global
strength of the brain field, there are two maximal values of the Global Field Power curve during a
conventional EEG wave, at the negative and positive peak; thus, EEG wave frequency is effectively
doubled in Global Field Power curves, asitise.g. inrectified EEG tracings.

A 2-way, fixed effects ANCOVA (2 groups x 4 microstate classes as repeated measures, 3 centers as
covariate) was done for each of the four parameters.

2.6. Transitions between microstate classes

The rules governing the concatenation of the microstates ('microstate syntax') were assessed as
follows. For each subject, the number of transitions from each of the four classesto any other class was
counted; these figureswere normalized to fractions of all between-classtransitions of the subject (called
'transition percentages). Twelve such transition values were thus abtained for each subject.

If transitions from a preceding state into a next state occurred randomly, i.e., independent of the class
of the preceding state, observed transition values would be proportional to the relative occurrence of the
microstate classes. Under this null-hypothesis, the expected probability of transition from state X to state
Yis

P*X®Y: Px Py/ (1-Px),
where Py (Py) isthe relative occurrence of microstate X (), i.e. the number of occurrences divided by
the total number of microstates observed. Differences between observed and expected transition counts
were tested as follows: expected transition probabilities and actually observed transition percentages
were computed for each subject, and averaged across subjects. The difference between mean expected
probahilities P* e y and mean observed transition percentages Pye y Was then assessed using the
chi-square distance

SX,Y (PX® Y™ P*X® Y)2 / P*X® Y
where the sum istaken over all 4 x 4 —4 = 12 pairs of microstates for which X 1Y. The randomization
test (permutation test) was used to test statistically the significance of that distance (Edgington, 1980;
Manly, 1997): The labels"expected” and "observed" wererandomly assigned to the subjects’ sets of the
12 transition probabilities, and the chi-square distance between expected and observed mean transition
probabilities was computed. Thiswas repeated 5000 times and thus produced a data-driven estimate of
the distribution of the distance between the mean of the expected and the mean of the observed transition
probabilities assuming the null-hypothesis istrue. The probability that the observed datais compatible
with the null-hypothesis (p-value) is determined by the rank of the observed difference among the
randomly obtained differences. This test yielded P=0.0002 for the controls and P=0.0016 for the
patients, which allowsto rule out the null-hypothesis in both groups; we thus conclude that thereisa
structure in the observed transition values that cannot be reduced to the occurrence frequencies of the
microstates.

Asymmetries of transitions between pairs of microstate classeswould reveal directional tendenciesin
the microstate syntax. To examine these, we define the 'directional predominance’ of transitions between
each of the six possible pairings of microstate classes as

dxy = Pxevy —Pvex,
i.e., the difference of the transition percentage between two given classes (X and Y) in one direction
minus the corresponding transition percentage in the opposite direction.
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The observed, directional predominances for the transitions between the six possible pairs of
microstate classes were compared between patients and controls, applying a2-way ANCOVA (2 groups
x 6 direction predominances as repeated measures, 3 centers as covariate).

2.7. Spatial configuration of microstate classes

2.7.1. Global differences between map landscapes. The potential landscapes of the group model maps of
each microstate class were compared statistically between groups, using the program TANOVA' by
R.D.P.-M. (free at www.unizh.ch/keyinst/NewL ORETA/LORETAOQL.htm); the program employs
Globa Map Dissimilarity (Lehmann and Skrandies, 1980) as a global measure of the difference between
the landscapes of two maps;, TANOV A applies the randomization test (Edgington, 1980; Manly, 1997,
see preceding paragraph) to establish the exact probability of the observed difference, following earlier
studies of potential landscapes (Kondakor et al., 1995; Strik et al., 1998). If TANOVA revealed
significant landscape differences of a microstate class between groups, two subsequent analyses
assessed the differences:

2.7.2. Primary characteristics of landscape difference. The different landscape topographies were
assessed by computing the location of the brain electric gravity center on the anterior-posterior and on
the left-right axis of the head (Lehmann et al., 1998); differences between patients and controls were
tested by t-tests.

2.7.3. Intracerebral distribution of differencesin brain electric activity. Low resolution electromagnetic
tomography (LORETA) images (Pascua-Marqui et a., 1994, Pascual-Marqui, 1999) were computed
from the individual model maps of the microstate class for all patients and controls. The utilized
LORETA version (free at www.unizh.ch/keyinst/NewLORETA/LORETAOQL.htm) computed the
electric current density (referred to as "activity") in the cortical areas of the digitized brain atlas of the
Montreal Neurological Institute (MNI) at ~7 mm resolution (2394 voxels). Voxel-by-voxel t-statistics
was computed to identify the voxels with strongest effect.

3. Results
3.1. Differences between patients and controls

3.1.1. Microstate parameters. Fig. 2 illustrates the average group model maps of the four microstate
classes, independently computed for the patients and for the controls. The pairing of the four group
model maps of the controls and of the patients for each center (3" 4 paired classes) resulted in 85.4% of
the variance in common across the three centers.

The ANCOVA's of the four microstate parameters (Table 1) revealed a significant group effect for
duration and atrend for occurrence/s. A significant interaction between subject group and microstate
class emerged for occurrence/s and for Global Field Power peaks/s, and atrend for time coverage. Note
that the parameter time coverage cannot betested for group differences because thereisawaysatotal of
100%.

Table 2 reports means and S.D. across subjects of the microstate parameters duration, occurrence/s,
time coverage and Global Field Power peaks/s for the four microstate classes, for patients and controls.
The posthoc t-testsin Table 2 clarified the source of the group effects and group x classinteractions, and
are briefly reviewed in the following.

Duration: The microstates of the classes B and D had significantly shorter durationsin patients than
controls, both by ~15%, i.e. from 80.3 to 70.1 ms (P=0.0021), and from 93.9 to 81.9 ms (P=0.027),
respectively. When disregarding microstate classes (‘al' in Table 2), generally shorter microstate
duration was found in patients, supporting our hypothesis (a) with a statistical trend (one-tailed
P=0.067).

Occurrence/s. The microstates of the classes A and C occurred more often in patients than controls
(P=0.039, P=0.079, respectively). Class A increased from 2.17/second in controls to 2.91/second in
patients, while class C increased from 3.15 to 3.45/second. When disregarding microstate classes,
generally increased microstate occurrence/s for patients was found (P=0.075).
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Time Coverage: Microstates of class A covered more of total time (P<0.025) in patients (~23%) than
in controls (~17%); on the contrary, class B microstates tended to cover less of total time (P=0.064) in
patients (~18%) than controls (~22%).

Global Field Power peaks/s. The posthoc tests of the significant group x class interaction revealed
higher frequency for class B microstates in patients, but only at P=0.16.

3.1.2. Directional predominance of transitions between microstate classes (" microstate syntax").

The comparison between patients and controls of the, directional predominances of the transitionsin the
Six possible pairs of microstate classesin a2-way ANCOVA (2 groups x 6 direction predominances as
repeated measures, 3 centers as covariate) showed no main effects, but asignificant interaction (group x
direction predominance): after Greenhouse-Geisser correction F(2.95,153.5)=2.77, P=0.045. Posthoc
tests clarified that the transitions between microstate classes A and C, and between A and D differed
significantly in directional predominance between groups, at P=0.05 and P=0.005, respectively (line
#13in Table 3, and upper half of Fig. 3). While controls had a predominance of A® C and D® A
transitions, C® A and A® D transitions predominated in the patients, i.e., the two subject groups
showed reversed tendencies of concatenations between the microstate classes A and C and between the
classes A and D (lower half of Fig. 3).

Further tests examined the predominating directions of transitions between the four microstate classes
in patients and controls (lines #6 and #9 in Table 3) for statistically significant deviation from zero
values (Table 3, lines #8 and #11). In the patients, the predominating direction A® D approached a
statigtical trend (P=0.108). In the controls, A® C (P=0.006) and D® A (P=0.022) showed clearly
predominant directions, and C® D yielded P=0.106. These three concatenations in the controls form a
cycle A® C® D® A (Fig. 3, lower left). Although the corresponding three concatenationsin the patients
included only one directional predominance at P=0.108 (A® D), all three directionsin this
concatenation cycle were reversed in the patients compared with those of the controls, i.e. they were
A®D® C® A.

Following up on this observation, for each subject, the observed cases of the three possible
guadrupletsin the sequence (A® C® D® A, C® D® A® C, and D® A® C® D) and of the three
possible quadrupletsin the reversed sequence (A® D® C® A, D® C® A® D, and C® A® D® C) were
counted, and expressed as percentage of all possible quadrupletsin the given subject. For each subject,
the difference between the quadrupl et percentagesin the two directions was computed; these differences
between patients and controls differed significantly (unpaired t-test P=0.031, t=2.23, df(corrected) =44).
This global difference reflected the opposing directional preferencesin the cycle: In patients, the
sequence A® D® C® A was more frequent than the reversed sequence (averages across subjects 3.47%
+/- 1.77 S.D. vs. 2.76% +/- 1.77 S.D., respectively), whereas in controls, the sequence A® D® C® A
was | ess frequent than the reversed sequence (averages across subjects 2.10% +/- 1.45 S.D. vs. 2.50%
+/- 1.03 S.D., respectively).

3.1.3. Spatial configuration of microstate classes. The global similarity test TANOVA reveaed that
only the scalp map landscapes of the potential distributions of microstates of class B (Fig. 2) differed
significantly between patients and controls (P=0.043), while classes A, C and D showed no differences.
The primary characteristics of this landscape difference were reflected by a significant location
difference of the brain el ectric gravity center, more anterior by 0.09 electrode distances and more left by
0.10 electrode distances in patients than controls (P=0.013 and P<0.0001, respectively). LORETA
functional tomography images of class B microstate maps (Fig. 4) showed stronger activity in patients
than controls widespread in the left hemisphere (some also right prefrontal), with the extreme value
(single-voxel t-test t=-4.12) in left precentral gyrus (Brodmann Area 6) at the Talairach coordinates
X=-58, Y=4, Z=14 (=MNI coordinates -59, 3, 15); weaker activity in patients than controls was less
pronounced, and centered around the extreme value (single-voxel t-test t=2.27) in right inferior parietal
lobule (Brodmann Area 40) at the Talairach coordinates X=46 , Y=-36, Z=41 (=MNI coordinates 46,
-39, 43).

3.2. Differences between microstate classes
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Thefour microstate parameters of duration, occurrence/s, time coverage and Global Field Power peaks/s
showed significant class effectsin ANCOVA (Table 1), at p<0.0001 and p<0.002, respectively. Testing
each microstate parameter between classesrevealed, in all cases, significant differences between classes
Avs.CandAvs. D, and B vs. C and B vs. D, but no significant differences between A vs. B and between
C vs. D (al 54 subjects). The mean values of the four microstate classes for duration, occurrence/s and

time coverage (Table 2) demonstrated, for both groups, lower valuesfor classes A and B on one side and
higher valuesfor classes C and D on the other. A reversed ranking was displayed by Global Field Power
peaks/s, with classes A and B showing the higher frequencies and C and D the lower ones.

4. Discussion

The present results of generally shorter microstate durations in acute, medication-naive, first-episode
schizophrenic patients are consistent with several earlier reports (see Introduction). In addition, the
utilized, deeper analysis that considered classes of microstates showed that this general shortening in
patients was due to significantly shorter durationsin only two of the four microstate classes, i.e. in
classes B and D. As apparent compensation, class A and C microstates in patients showed increased
occurrence/s while displaying normal durations; time coverage wasincreased in A, and decreased in B.
These findings are in good agreement with those on similar patients by Koenig et al. (1999) who also
analyzed the data into four microstate classes; their four class model maps were very similar to the
present ones, and their results generally agreed very well with the present ones. The latter is evident in
the result profilesin Fig. 5. In particular, the durations in the four microstate classes of patients and of
controls were almost identical in the two studies; the eight values correlated significantly between
studies (Pearson r=+0.80, df=6, P<0.05). We note here that the present four class model maps
accounted for 83.4% of the data variance across patients and 84.6% across controls. We al so note that
the paired group model maps of our controls and patients corresponded well, showing 85.4% of the
variancein common across the three centers. Our four class model maps aswell asthose of Koenig et al.
(1999) were very similar to the four class model maps obtained in alarge, normative study on nearly 500
subjects (Koenig et a., 2002).

Accepting the concept that classes of spontaneous microstates incorporate classes of mental
operations as shown in Lehmann et al. (1998), the observed, selective time truncation of some
microstates, i.e. of those of classes B and D, suggests the functional consequence that the patients suffer
from precocious termination of information processing in certain classes of mental operations, and that
this occurs repetitively and intermittently in the continual sequence of successive, global microstates so
that on the average over time, thereis a clear deviation from the norm. The shortening of certain
microstatesis generally in line with the concept of degraded cooperativity of neural assemblies or
functional processes in the patients (see Introduction) since it is reasonable to assume that lessened
cooperativity within a network results in shortened durations of coordinated activity. In patients
comparableto ours, using sequential and band-wise analysis, Merrin et al. (1990) observed an increased
variability of microstate topography in the EEG theta frequency band, in line with the concept of
loosened organization. Since the present analysis employed clustering and full-band data, it cannot test
that finding. Important in our resultsis the specification that the different classes of neural activity were
not equally affected; this would account for the ability of the patientsto deal with many aspects of
surround conditions in a satisfying way.

Only two other studies on patients used the same microstate clustering analysis as the present one. A
study of productive, but chronic schizophrenics (Strelets et al., 2003) found significantly decreased
duration of microstates of their class#1 that was argued to correspond to our class B, thus agreeing with
the present results. On the other hand, they found no increase of occurrence/s and no increase of time
coverage of their class #3 microstates (our class A), in contrast to the present and Koenig et al.'s (1999)
results on first episode, never-medicated patients. Contrary to all three studies on schizophrenics, in
Alzheimer patients an increased occurrence/s of class B microstates was found with increasing dementia
(Koenig et al. 2003).

Global Field Power peaks/s that reflect EEG wave frequency as an estimate of global activation
showed no overall difference between our patients and controls. The significant interaction between
groups and microstate classes yielded an increase of wave frequency in class B microstates for patients
a amereP=0.16. At any rate, increased activation would only concern class B, not D. Indeed, in regard
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to the parameters duration, occurrence/s, time coverage and peaks/s, the microstate classes evidently fell
into two pairs, A and B vs. C and D that differed on all four parameters between pairs but on none within
pairs. Thus, the parameters did not differentiate classes whose microstate duration was affected in our
patients from classes that were not affected.

In an additional analysis, the present paper examined a hovel aspect of brain electric microstatesin
schizophreniathat has not yet been studied until now: the hypothesis that there might be changesin
microstate syntax. Indeed, in patients, the transitions between microstates of different classes deviated
significantly from those in controls, and this difference was not explained by the different occurrence
frequencies of the microstates. The sequence of concatenations of microstate class D® A® C® D was
reversed in the patients; and, whereas controls showed clear directional preferencesin transitions
between the class D, A and C microstates, patients did not. The disturbed syntax also agrees with the
concept of a degraded organization (connectivity, cooperativity; see Introduction) and the paralleling
concept of more noise (Callaway et al., 1970; Donchin et al., 1970; Winterer et al., 2000) in the brain
processes of the patients. It isnot evident why class B with its shortened microstates was not involved in
these most pronounced syntax changes while the other shortened microstate class (D) was involved.
However, thislack of communality isin line with the absence of other common characteristics between
classes B and D as discussed above. This microstate syntax analysis is new; there are no results as yet
available from other patient populations for comparison.

What processing functions might the different classes of microstates incorporate? In several
event-related potential (ERP) studies, microstates were shown to incorporate specific functions of
information processing (e.g., Brandeis and Lehmann, 1989; Brandeiset a., 1995; Koenig and Lehmann,
1996; Michel et a., 2001; Pizzagalli et a., 2000; Skrandies 2002). For spontaneous EEG, the presently
available information on the functional significance of microstatesis very limited, only offering
suggestions. Class A might concern abstract operations, class B concrete ones, since spontaneous,
abstract thoughts and visual imagery, respectively were associated with comparable microstate
topographies (Lehmann et al., 1998). Drawing on information from ERP studies, the present
topographies of classes C (and D) resemble event-related potential microstates that were found to
incorporate higher (and lower) degrees of attention (Brandeis and Lehmann, 1989). Further work is
needed to clarify the functional significances of microstates in spontaneous EEG, and the degree up to
which such microstate analysis may identify the expectedly limited number of superclasses of human
mentation as physiological entities.

It iswell known that schizophrenics have scalp EEG power topographies that differ from controls
(e.g., Johnetal., 1988; Galderisi et a., 1992; Pascua-Marqui et a., 1999; Wuebben and Winterer, 2001).
In the present analysis, these topographic differences were concentrated in class B microstates, the class
that showed significant differences of spatial distribution. This disagrees with the earlier study (Koenig
et a., 1999) that reported spatial differencesfor class D, but agrees with the findings by Strelets et a.
(2003). The tomographic LORETA imaging of the present microstate class B in patients predominantly
showed increased cortical activity in the left hemisphere (extending to right prefrontal) that was
maximal left precentral, and some decreased activity centered around right inferior parietal regions.
Although the full band LORETA activity measures cannot indicate whether the activity is excitatory or
inhibitory, the predominantly anterior left-hemispheric excess might be inhibitory activity, because
EEG frequency-band wise LORETA imaging in comparable patients had shown increase for the delta
band in these regions (Pascual-Marqui et al., 1999).

In sum, the present findings agree with the concept of deteriorated connectivity or deteriorated
functional organization and of increased noise in brain processes as suggested as a functional principle
underlying schizophrenic symptomatology. Our findings specify that this disorganization, on the level
of identifiable steps of mentation, may be implemented as precocious termination and deviant
concatenation of some classes of brainwork. The present study does not elucidate the reason for the
deviations, but describes the deviating brain mechanisms with atime resolution that iswell in the
subsecond range and therefore appropriate for studies of physiological incorporation of mentation. The
results could account for the fact that some of the patients' mentations are deviant, and that others are not.
The intermittent, repetitive and brief nature of the microstate abnormalities in the patients fits well with
the instantaneous switches in observable symptomatol ogy, and could account for the ability to alternate
smoothly between normal involvement in the surround and various reality-remote interpretations and
delusions, the classical "double bookkeeping” (Bleuler, 1911) of schizophrenic patients; the latter might
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be implemented by a "time-sharing"-type access of intermittent, deviant microstates to conscious
experience.
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Table 1l

Results of the 2-way ANCOVA's (2 subject groups x 4 microstate classes as repeated measure,
3 centers as covariate) for the four microstate parameters, with Greenhouse-Geisser corrections where
needed. N/A = computation for group effect of 'time coverage' is not applicable becausetotal coverageis
always 100% time. Datafrom 27 patients vs. 27 controls.

df F p
duration (ms)
group 1,51 6.39 0.015
class 237,123 10.86 <0.0001

interaction 237,123 1.29 n.s.

occurrence/ s
group 1,51 331 0.075
class 239,124 17.39 <0.0001
interaction 2.39,124 4.02 0.015

time cover age (ms/100ms)
group N/A N/A N/A
class 240,125 15.22 <0.0001
interaction 2.40, 125 2.33 0.091

Global Field Power peaks/s
group 1,51 0.06 n.s.
class 182,946 7.21 0.0017
interaction 182,946 3.29 0.046
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Table2

Results of the microstate analysis. Means and standard deviations (patients n=27, controls n=27), of the
four microstate parameters for the four microstate classes, and when disregarding class assignment
("al" microstates). Two-tailed P-values <0.1 of differences between patients and controls are reported.
*) = one-tailed P, testing the literature-based hypothesis (@) that there is a generally shortened duration.
N/A=because total coverage of time is always 100%, there is no applicable mean coverage when
disregarding class assignment. **) = the tabulated values of Global Field Power peaks/sfor "al"
microstates are the mean values for the entire analysis time.

microstate classes A B C D al

duration (ms)

patients mean 76.7 70.1 89.6 81.9 84.5
S.D. 20.0 125 26.1 17.8 13.7

controls mean 75.6 80.3 95.0 93.9 89.9
S.D. 14.6 10.4 23.0 22.0 12.0
P - 0.0021 - 0.027 0.067*)

occurrence/ s

patients mean 291 2.47 3.45 3.29 12.12
S.D. 1.12 0.90 0.53 0.74 1.85

controls mean 217 2.68 3.15 3.30 11.30
S.D. 0.66 0.78 0.68 0.60 1.38
P 0.039 - 0.079 - 0.075

time cover age (ms/100ms)

patients mean 22.9 17.8 317 275 100.0
S.D. 125 7.4 13.0 9.8 -

controls mean 16.7 21.5 30.4 31.3 100.0
S.D. 7.1 6.9 10.8 10.0 -
P 0.025 0.064 - - N/A

Global Field Power peaks/s

patients mean 20.2 20.8 19.8 20.0 20.2 **)
S.D. 1.22 2.01 0.94 0.95 1.07

controls mean 20.4 20.2 20.0 19.9 20.1**)
S.D. 1.16 1.09 1.28 1.25 1.14

P - 0.16 - - -
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Table 3

A. Mean of percentages of all transitions between microstate classes/subject, for patients (n=27) and
controls (n=27). - B. Directional predominances for the possible six pairs of corresponding transitions,
in patients and controls; ANCOVA (2 groups x 6 directional predominances, 3 centers as covariate)
interaction (Greenhouse-Geisser corrected) F(2.95,153.5)=2.77, P=0.045. Mean differences between
patients and controlsin line #12, significances of these differences line #13. Lines #8 and #11 show
significances of deviation of mean values from zero. Differences (lines #5 and #12) are values of
patients minus controls. P-values <0.2 are listed.

A. Transition Percentages
from class ® to class

A®B B®A A®C C®A A®D D®A B®C C®B B®D D®B C®D D®C

patients
#1 mean 6.47 6.73 920 937 783 744 6.65 656 656 6.84 13.16 13.21
#2 (S.D) (3.15) (3.24) (3.57) (4.43) (2.90) (2.72) (3.08) (3.30) (2.69) (2.88) (8.73) (8.52)
controls
#3 mean 570 573 752 6.81 6.03 6.70 7.71 7.87 999 9.86 13.23 12.80

#4  (S.D.) (2.35) (2.63) (3.05) (3.43) (2.34) (2.24) (3.04) (2.74) (4.23) (3.75) (5.54) (5.31)

#5 difference 0.77 100 167 255 180 0.74 -1.07 -1.31 -343 -3.03 0.07 -0.41

B. Directional Predominances

A® B A® C A® D B® C B® D C® D
minus minus minus minus minus minus
B® A C® A D® A C® B D® B D® C
patients
#6 mean -0.26 -0.17 0.39 0.09 -0.27 -0.05
#7 (S.D) (1.42) (1.96) (1.20) (1.49) (1.11) (1.51)
#8 t-test P - - 0.108 - - -
mean vs.
zero
controls
#9 Mean -0.03 0.71 -0.67 -0.16 0.13 0.43
#10 (S.D)) (1.28) (1.22) (1.44) (1.41) (1.49) (1.34)
#11 t-test P - 0.006 0.022 - - 0.106
mean vs.
zero
#12 difference -0.23 -0.88 1.06 0.25 -0.40 -0.48
patients
minus
controls
#13 t-test P for - 0.05 0.005 - - -
patients

vs.controls
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Fig. 1. Example of the assignment of 'original maps (dots along the horizontal axis) at the times of
maximal Global Field Power (curve at bottom) to the four group model maps, i.e., microstate classes.
Each original map is assigned to the group model map with the most similar potential |andscape. The
illustrated isopotential contour maps show the areas of opposite polarity in black and white. Note that
the spatial distribution of the potential valuesisthe crucial parameter in microstate analysis of
spontaneous EEG; polarity is disregarded.

Fig. 2. The group model maps (average across centers) of the four microstate classes, independently
computed for the controls (n=27) and the patients (n=27). Equipotential area maps are shown,
normalized across subjects in order to compare the characteristics of the potential landscapes.
Semi-schematic electrode array in inset. Head seen from above, nose up, |eft ear left. The isopotential
contour maps show the (arbitrarily assigned) areas of opposite polarity in black and white
(normalized voltage values).

Fig. 3. Syntax of microstate concatenations in patients and controls. Upper graphs, left: schematic
arrangement of the four microstate classes A, B, C, D and the six possible transitions between them;
right: Transitions between A and C (P=0.05) and between A and D (P=0.005) showed significant
differencesin directional predominance between patients and controls. Lower graphs: Directional
predominance of transitions differed from zero at P<0.2 (solid arrows) in controlsfor A® C
(P=0.006), C® D (P=0.106) and D® A (P=0.022), and in patients for A® D (P=0.108).

Fig. 4. LORETA (low resolution electromagnetic tomography) brain images of the statistical
differencein cortical distribution of electric sources of class B microstates between patients and
controls. Left toright: dlicesin axial (from above, nose up), sagittal (from left) and coronal (from rear)
view in MNI space. Blue= stronger activity in patients, red= stronger activity in controls. The
post-hoc t-test results are col or-coded from deep blue for extreme negative, to white for zero, to deep
red for extreme positive t-values. Upper row: slices through the voxel (indicated by arrowheads) of
maximally stronger activity in patients (t=-4.12). Lower row: dlices through the voxel (indicated by
arrowheads) of maximally stronger activity in controls (t=2.27). The MNI coordinates (X, Y, Z) of
these voxels are reported in mm.

Fig. 5. Comparison of the results of the microstate parameters of duration, occurrence/s, and covered
time for the four microstate classes A-D in the present study and in Koenig et al. (1999) that used the
same analysis strategy on comparabl e patients. Results are shown if P<0.2 was reached in either
study. Slashes (/) or backslashes (\) indicate that patients had larger or smaller values than controls,
respectively. /\ = P>0.2; //\\ = P=0.2-0.1; /// \\ = P=0.1-0.05; //// \\\ = P<0.05.
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