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Abstract

Phase locking in the gamma-band range has been shown to be diminished in patients with
schizophrenia. Moreover, there have been reports of positive correlations between phase locking
in the gamma-band range and positive symptoms, especially hallucinations. The aim of the present
study was to use a new methodological approach in order to investigate gamma-band phase
synchronization between the left and right auditory cortex in patients with schizophrenia and its
relationship to auditory hallucinations.

Subjects were 18 patients with chronic schizophrenia (SZ) and 16 healthy control (HC) subjects.
Auditory hallucination symptom scores were obtained using the Scale for the Assessment of
Positive Symptoms. Stimuli were 40-Hz binaural click trains. The generators of the 40 Hz-ASSR
were localized using eLORETA and based on the computed intracranial signals lagged
interhemispheric phase locking between primary and secondary auditory cortices was analyzed.

Current source density of the 40 ASSR response was significantly diminished in SZ in comparison
to HC in the right superior and middle temporal gyrus (p<0.05). Interhemispheric phase locking
was reduced in SZ in comparison to HC for the primary auditory cortices (p<0.05) but not in the
secondary auditory cortices. A significant positive correlation was found between auditory
hallucination symptom scores and phase synchronization between the primary auditory cortices
(p<0.05, corrected for multiple testing) but not for the secondary auditory cortices.

These results suggest that long-range synchrony of gamma oscillations is disturbed in
schizophrenia and that this deficit is related to clinical symptoms such as auditory hallucinations.
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Introduction

Synchronous neural oscillations in the gamma band (>30 Hz) of the electroencephalogram
(EEG) have been hypothesized to play an important role in the linking of neurons into cell
assemblies both locally and in the inter-regional communications of the brain (Singer 1999).
While much of this evidence was provided in animal studies, investigations of gamma
oscillations have now also been extensively done in healthy controls and patients with
neuropsychiatric diseases. Experimental data obtained in both animals and in humans
suggest that gamma-band oscillations are involved in perception and cognition (Herrmann et
al 2004; Ribary 2005). For example, gamma-band phase synchronization between the
inferior temporal lobe and the medial temporal lobe was recently demonstrated to play an
important role in working memory using intracranial recordings (Axmacher et al 2008).
Interestingly, it was shown that anatomical connectivity rather than physical distance,
determines the coupling strength of the oscillating neurons in the gamma-band range
(Csicsvari et al 2003).

The long-range synchrony of gamma oscillations has been demonstrated to be dependent on
excitatory postsynaptic potentials (EPSPs) of y-aminobutyric acid (GABA)ergic
interneurons (Fuchs et al 2001). Since gamma-band oscillations depend on intact function of
the fast-spiking GABAergic (parvalbumin containing) interneurons (Fuchs et al 2001; Hajos
et al 2004; Vreugdenhil et al 2003), gamma-band oscillations may provide a means to
investigate the function of GABAergic interneurons at a macroscopic level (Lisman et al
2008). This might be especially interesting for the investigation of schizophrenia, since there
is much evidence now suggesting disturbances of the GABAergic interneurons in
schizophrenia, such as changes in the concentration of particular proteins, notably glutamate
decarboxylase (GAD), the enzyme that synthesizes GABA, and the Ca2+-binding protein
parvalbumin (Lewis et al 2005; Woo et al 1997). Reductions in the overall number of
GABAergic interneurons have also been described by post-mortem analyses (Benes et al
1991). Alterations in other neurotransmitter systems in schizophrenia (e.g. the dopaminergic
and the glutamatergic system) can well be integrated in current models about the
pathophysiology of schizophrenia suggesting a key-role for the disturbance of the
GABAergic interneurons (Lisman et al 2008). Dysfunction of GABAergic interneurons is
likely to be a major factor of disturbed gamma-band oscillations and related changes in
perception and cognition. In schizophrenia, there is now an increasing number of studies
describing altered gamma-band oscillation patterns (Hall et al 2009; Leicht et al 2010;
Spencer et al 2004; Symond et al 2005; Uhlhaas and Singer 2010; Woo et al 2010).

Although different kinds of paradigms have been used during the last few years, some of the
most reliable findings so far come from studies of auditory steady state response (ASSR)
(Brenner et al 2009; Kwon et al 1999; Spencer et al 2008; Teale et al 2008). The ASSR is an
EEG response to periodic auditory stimulation (such as click trains or amplitude-modulated
tones) in which the sensory cortex acts as a tuned oscillator, synchronizing to the phase and
frequency of the presented stimulus. The ASSR appears to have a “resonant” frequency at
~40 Hz at which the power and phase locking of the ASSR are enhanced in comparison with
other stimulation frequencies (Pastor et al 2002). In addition to assessing the frequency
response characteristics of sensory neural circuits, the ASSR may be a tool to investigate
oscillatory mechanisms which might have a more general significance in the
pathophysiology of schizophrenia. The typical finding in patients with schizophrenia is
reduced power (related to the amplitude of the response) and phase-synchrony in the
gamma-band across trials, measured at scalp electrodes or after source localization in the
two auditory areas separately (Spencer et al 2009; Teale et al 2008).
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Even more pronounced than in the visual or somatosensory system, there are extensive
commissural links between the primary auditory cortices of both hemispheres linking
tonotopically and binaurally matched subregions across the representational axis of
characteristic frequency (Lee and Winer 2008). Although there is a substantial degree of
interhemispheric transfer at subcortical levels of the auditory system, the callosal pathway in
hearing is generally assumed to play an important role e.g. due to the left hemisphere
supremacy in language perception and the contralateral pathway dominance in auditory
signal transmission (Bamiou et al 2007). According to the “callosal relay” model, speech
stimuli entering the right hemisphere will require callosal transfer to the left hemisphere in
order to be processed (Hugdahl et al 1997; Zaidel 1986). The temporal-callosal pathway has
been demonstrated to be related to phonological skills in children (Dougherty et al 2007)
and it was shown that an intact posterior third of the corpus callosum (where the fibers of the
auditory cortex are crossing) is important for the integration of prosodic information (right
hemisphere function) and syntactic information (left hemisphere function) which is
necessary for language comprehension (Friederici et al 2007).

During the last few years, structural connectivity in the brain has been investigated by means
of Diffusion Tensor Imaging (DTI) (Kubicki et al 2007). Comparing schizophrenic patients
with auditory hallucinations versus patients without hallucinations, increased directionality
(suggested as representing stronger connectivity) was found in that part of the corpus
callosum (CC, see Hubl et al 2004), Fig. 1, where the inter-hemispheric auditory fibers are
assumed to cross (posterior part of the middle third and probably adjacent parts of the
posterior third) (Bamiou et al 2007a). While structural connectivity can be assessed using
DTI, EEG can be used to investigate functional connectivity (Teipel et al. 2009).

Accordingly, the aim of the present study was to investigate the gamma-band phase
synchronization between the left and right auditory areas in patients with schizophrenia
during auditory steady-state stimulation. We re-analyzed data from a previously-published
study (Spencer et al., 2009) which utilized dipole source analysis to examine the ASSR
deficit in schizophrenia. Since a positive correlation was found in that study between
auditory hallucination symptoms and a left auditory cortex source, and since functional
imaging studies have suggested that both unilateral and bilateral activation of the primary
auditory cortex is relevant for auditory hallucinations, we also looked for a possible
relationship between phase-synchrony coupling of the left and right primary auditory cortex
in the gamma-band range and auditory hallucination symptoms. Here we utilized low-
resolution tomography (LORETA) (Pascual-Marqui 2002; Pascual-Marqui et al 1994), a
linear source localization method that has been widely used during the last few years by us
(Mulert et al 2004; Mulert et al 2006; Mulert et al 2007) and others (Babiloni et al 2010; van
der Loo et al 2009) in order to estimate oscillatory activity in the left and right auditory
cortex as well as interhemispheric phase synchrony. Previous studies have demonstrated
substantial congruence between LORETA and fMRI localization (Mulert et al. 2005, Mulert
et al. 2010).

This study was approved by the Institutional Review Boards of the VA Boston Healthcare
System and Harvard Medical School. After complete description of the study to the subjects,
written informed consent was obtained. All subjects were paid for their participation in the
study.

Subjects were 18 patients with chronic schizophrenia (SZ) and 16 healthy control subjects
(HC), all right-handed males (see Table 1). The HC were recruited from the local
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community. They were free of Axis | or 11 disorders (Structured clinical Interview for DSM
I11-R Non Patient Edition, Structured Clinical Interview for DSM IV Axis Il Personality
Disorders) as well as a history of Axis I disorders in first-degree relatives. SZ were
diagnosed with schizophrenia according to the DSM-IV criteria (SCID). The diagnostic
composition of the SZ group was: 10 paranoid, 5 undifferentiated, 2 schizoaffective, and 1
disorganized.

Subjects were all right-handed, selected without regard for ethnicity, and aged between 18—
55 years. There was no history of electroconvulsive treatment, neurological illness,
including epilepsy and no history of alcohol or drug dependence, nor abuse within the last
year, nor long duration (>1 year) of past abuse (DSM-IV criteria). In addition, there was no
present medication for medical disorders that would have deleterious EEG, neurological, or
cognitive functioning consequences. For further details see Spencer et al., 2009.

Schizophrenic symptoms were rated with the Scale for the Assessment of Positive
Symptoms (SAPS) (Andreasen 1984) and the Scale for the Assessment of Negative
Symptoms (Andreasen 1983). Auditory hallucination symptoms were rated using the
Auditory Hallucinations item of the SAPS. The groups did not differ on age (44 years for
HC, 40 for SZ), handedness, or parental socioeconomic status (see Spencer et al., 2009 for
details).

All patients received atypical antipsychotic drugs. Antipsychotic medication dosage was
calculated in terms of chlorpromazine equivalents (Stoll 2001), and ranged from 83-1200
(mean of 450).

Stimuli and Experimental Design

Subjects were seated in a quiet room in a comfortable chair 1 m in front of a computer
monitor. Stimuli were presented through headphones (70 dB sound pressure level). Subjects
passively listened to trains of 1 ms clicks presented at 40 Hz for 500 ms. 150 trains were
presented binaurally. Subjects were instructed to look at the fixation cross on the monitor
and listen to the stimuli.

Electrophysiological Recording and Analysis

The EEG was recorded with Neuroscan Synamp amplifiers (0.01-100 Hz, 500-Hz
digitization) with sintered Ag/AgCl electodes in an electrode cap at 60 scalp sites, left and
right earlobes, referenced to the right earlobe. The forehead (AFz) served as ground. Bipolar
vertical and horizonatal electro-oculograms were recorded from electrodes above and below
the right eye and the left and right outer canthi, respectively. Electrode impedances were
<10 kQ.

Single-trial epochs were extracted from —250 to 772 ms relative to stimulus onset and
corrected for eye movements and blinks using independent component analysis (Makeig et
al 1996). Next, epochs containing artifacts were removed. The artifact criteria were > + 90
pV change in one time point, and amplitude range within an epoch exceeding 200 pV. These
criteria were verified via visual inspection. Finally, artifact-free single epochs were re-
referenced to common average reference. There were no differences between the subject
groups in the number of trials after artifact rejection (145 for HC and 140 for SZ on
average).

All further analyses have been performed using the SLORETA / eLORETA software, as
provided by Raoberto Pascual-Marqui / The KEY Institute for Brain-Mind Research
University Hospital of Psychiatry, Zurich at
http://www.uzh.ch/keyinst/NewLORETA/LORETAOL.htm, including the software update
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2008-August 23. Localization of the neural generators of the ASSR was done using the
eLORETA algorithm http://www.uzh.ch/keyinst/eLORETA/index.html. eLORETA is a 3D
distributed, linear inverse solution that has no localization error to point sources under ideal
(noise-free) conditions. Analysis was focussed on the frequency range 38-42 Hz.

Localization analysis was restricted to the 500 ms stimulation period using a sliding window
approach. Time-varying frequency analysis was based on the short time Fourier transfor,
using a sliding Bartlett-Hann window function with a width of 40 data points (80 ms). Given
the temporal resolution of this approach, results were reported every 50 ms.

Lagged phase synchronization across regions was calculated between the left and right
primary auditory cortex (Heschl’s gyrus, BA 41) and between the left and right secondary
auditory cortex (superior temporal gyrus /STG, BA 42), focussed on the frequency range
between 38-42 Hz. Regions of interest were defined using the anatomical definitions
provided by the SLORETA / eLORETA software package which are based on the Talairach
Daemon (http://www.talairach.org/), see Fig. 2. Regions of interest were selected a priori
based on the most consistent reports about activations in the ASSR paradigm.

Lagged phase synchronization is defined as the phase synchronization between two signals
after the instantaneous, zero phase contribution has been partialled out. Such a correction is
necessary when using scalp EEG signals or estimated intracranial signals (EEG-
tomography), because zero phase synchronization is often due to non-physiological effects,
what might be termed intrinsic physics artefacts: volume conduction and low spatial
resolution, see for example (Nolte et al 2004; Stam et al 2007).

The classical phase synchronization definition, which is highly contaminated by the
instantaneous artifactual component, is:

B3 3(t )= | ey (. W) ={Re fry(t, )]V +{Im[ iy (t, )]} Eq 1

with:

N, .
1 5T xx(t, w) )‘Z,(r,w)J
Fey w)_N Z l [k (2, w)IJ { Iv(t, w)|

R k=1 Eq. 2

where xi (t,o ) and y (t, ®) denote the discrete Fourier transforms of the two signals of
interest for the k-th EEG epoch, k =1...NR, NR being the number of epochs, at time instant t
and at frequency o; Re[c] and Im[c] denote the real and imaginary parts of a complex
number c; ¢ denotes the modulus; and the superscript “*” denotes complex conjugate.

Lagged phase synchronization definition [RD Pascual-Marqui: Instantaneous and lagged
measurements of linear and nonlinear dependence between groups of multivariate time
series: frequency decomposition. arXiv:0711.1455 [stat. ME], 2007-November-09,
http://arxiv.org/abs/0711.1455], which statistically partials out the intantaneous component,
is:

(I £y )]
1 - {Re[ fey(t. )] Eq. 3

B (1, )
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In order to assess differences in the lagged phase synchrony between HC and SZ, statistical
comparisons were calculated at the maximal values (peaks) of both HC and SZ during
auditory stimulation. For the correlation analysis between the SAPS Auditory Hallucination
scores and phase synchronization the whole segment information (single trial epochs) was
used.

Statistical comparisons between HC and SZ were done using the Statistical non-Parametric
Mapping (SnPM) methodology provided in the SLORETA / eLORETA software package,
following Nichols and Holmes (Nichols and Holmes 2002). The method is based on
empirically estimating the probability distribution of the maximum-statistics under the null
hypothesis, via randomizations, thus correcting for multiple testing and without the need to
rely on Gaussianity.

Statistical Analysis

Results

Comparisons between the HC and SZ groups were performed with t-tests. Spearman’s Rho
was used for correlation analyses (2-tailed). For the correlation analyses between Auditory
Hallucination scores as assessed with the SAPS and phase synchronization values between
left and right auditory areas (both primary and secondary auditory cortex) a Bonferroni
correction with a = 0.05 (hallucination score x 2 phase synchronization values) was applied.
Other correlation analyses were also Bonferroni corrected.

For the description of the scalp data please refer to Fig. 3.

Source localization

Both in HC and in SZ activation was found during the ASSR in superior and middle
temporal gyrus and in Heschl’s gyrus (see Table 2). The highest current source density
values were found in the middle temporal gyrus in both hemispheres in both groups. While
in HC a right > left asymmetry was found, in SZ activation was stronger on the left side.

In the statistical comparison between SZ and HC, there was a significantly diminished
activation in the right superior temporal gyrus (MNI coordinates: X, Y, Z: 70, =25, 5; t =
5.45, p<0.05, two-tailed) and right middle temporal gyrus (MNI coordinates: X, Y, Z: 70,
—25, —5; t = 5.60, p<0.05, two-tailed) in patients. No region with increased activation in
patients was found (see Figure 4).

Lagged Phase Synchronization

Primary auditory cortex (Heschl's gyrus)—In both HC and SZ an increase in the
lagged phase synchronization was detected during stimulation. The highest synchronization
values were found after 50 ms and after 150 ms in HC and after 500 ms in SZ. In the
statistical comparison at the first synchronization-peak (after 50 ms) there was no significant
difference to the SZ group. In the statistical comparison at the second synchronization-peak
(after 150 ms) there was a significant reduction in the SZ group compared to the HC group (t
=2.42, p<0.05, two-tailed). In contrast, the statistical comparison between HC and SZ at the
maximal synchronization of SZ (after 500 ms) showed no significant results (see Fig.5).

Secondary auditory cortex (STG)—In both HC and SZ an increase in the lagged phase
synchronization was detected during stimulation. The highest synchronization was found
after 50 ms in HC and after 500 ms in SZ. In both statistical comparisons (at the
synchronization peaks of controls and patients) no significant difference across groups could
be detected (see Fig. 5).
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Correlations with Demographic Variables and Auditory Hallucination Scores

To rule out confounding effects, correlations were calculated between ASSR measures of
interest and demographic variables. There were no correlations with age, parental
socioeconomic status, handedness, medication dosage or time from admission for both
groups.

In the correlation analysis between the Auditory Hallucination score as assessed with the
SAPS and the lagged phase synchronization values between left and right primary auditory
cortex we found a significant positive correlation (Spearman’s rho: 0.56, p<0.05, corrected
for multiple comparisons, see Fig. 6).

In the correlation analysis between the SAPS Auditory Hallucination score and the lagged
phase synchronization values between left and right secondary auditory cortex, however,
there was no significant correlation.

Discussion

This study was intended to use a new methodological approach in order to investigate
whether long-range synchrony of gamma oscillations is disturbed in schizophrenia and
whether a relationship between inter-hemispheric phase synchronization and auditory
hallucination symptoms can be found. The major finding was reduced phase synchronization
in schizophrenia only between the left and right primary auditory cortex (Heschl’s gyrus),
but not between the bilateral secondary auditory cortices. Furthermore, a positive correlation
between auditory hallucination symptom scores and interhemispheric phase synchronization
was present only for primary auditory cortices, but not for secondary auditory cortices.

In general, analyzing EEG phase synchronization may be a promising tool in order to
investigate disturbed functional connectivity in schizophrenia. However, volume conduction
effects have been a problem in the investigation of coherence or phase synchrony reports
based on scalp channel data (Stam et al 2007). A considerable strength of our approach was
the combination of source localization and the assessment of lagged phase synchrony in a
combined approach thus minimizing possible misinterpretations due to volume conduction.

Relevant disturbances in the functional and structural connectivity in schizophrenia have
been suggested by several authors (Andreasen et al 1998; Friston and Frith 1995; Innocenti
et al 2003; McGlashan and Hoffman 2000) and during the last few years there has been
increasing empirical evidence in agreement with these proposals (Bassett et al 2008; Garrity
et al 2007; Rotarska-Jagiela et al 2008; Whitford et al 2007). Recently, corresponding
reductions have been described for both the gray matter of the Heschl’s gyri and the
respective white matter tissue, assessed as the decrease of the Fractional Anisotropy (FA) as
measured by means of Diffusion Tensor Imaging (DTI) in patients with adolescent
schizophrenia (Douaud et al 2007). Reductions of the Heschl’s gyri volumes have been
described earlier (Hirayasu et al 2000) and also a connection between Heschl’s gyrus
volumes and the severity of auditory hallucinations (Gaser et al 2004). Alterations of the
corpus callosum, which is the major commissural structure for the connection of
corresponding auditory areas in each hemisphere are also a common finding in
schizophrenia (Arnone et al 2008). Some authors were suggesting a “hyperconnection” in
parts of the CC connecting temporal association cortices and suggested a relationship to
positive symptoms (John et al 2008). Most important for the current study are findings
suggesting increased white matter directionality (supposed to represent increased
connectivity) in the posterior part of the middle section of the CC / the posterior third of the
CC - the area where the auditory fibers are crossing — in schizophrenic patients with
auditory hallucinations in comparison to patients without hallucinations (Hubl et al 2004).
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Our results of decreased gamma-phase synchronization between left and right Heschl’s gyri
in patients with schizophrenia and a positive correlation between interhemispheric
connectivity are well in line with a recent study investigating structural connectivity in
patients with schizophrenia. In this DTI study, schizophrenia patients exhibited FA
reductions in their frontal fibers crossing via the corpus callosum but at the same time
significant positive correlations were observed to the severity of their psychotic symptoms
such as hallucinations and delusions (Whitford et al. 2010). These results have been
interpreted in such a way that mild asynchronies between the activities of spatially discrete
brain regions might give rise to psychotic symptoms. However, severe asynchronies, caused
by severe white matter damage might not be incorporable into a coherent phenomenological
framework and thus not give rise to psychotic symptoms (Whitford et al. 2010).

The interhemispheric auditory pathway has not yet been discussed in relationship to auditory
verbal hallucinations (AVH). However, its relationship to phonological awareness and
speech perception might help to understand its role in AVH (for review see Bamiou et al
2007b). The interhemispheric auditory pathway, mainly crossing in the posterior third of the
corpus callosum, is responsible for the interhemispheric interplay of prosodic information
and syntactic information that is necessary for speech comprehension. For example, patients
with a lesion in the posterior third of the corpus callosum do not show an event-related N400
potential in a speech comprehension task requiring the interaction of prosodic and syntactic
information (Friederici et al 2007). In this paradigm a mismatch between the syntactic and
prosodic structure of the initial sentence part is associated with an N400 potential in healthy
controls. The N400 pattern has been interpreted as the neural correlate of a successful
interaction of the left and right auditory areas. While identification of phonemes, words and
the syntactic relation between them is processed mainly in the left hemisphere, emotional
prosody is processed in the right hemisphere. Thus left and right auditory areas interact
during normal on-line spoken language comprehension.

In the current study we found a disturbance in SZ only of the inter-hemispheric phase
synchrony between the primary auditory cortices, but not between the secondary auditory
cortices. While this finding has to be seen within the limitations of EEG source localization
and needs independent replication, it is never the less interesting, since earlier studies
suggest both a pronounced pathology in Heschl’s gyrus (Dierks et al 1999; Gaser et al 2004;
Salisbury et al 2007) and in the STG in schizophrenia (Nestor et al 2007; Rajarethinam et al
2000).

In the present study utilizing LORETA we found a reduction of the ASSR in schizophrenia
patients in the right temporal lobe. This finding is consistent with the dipole source analysis
of the same data set (Spencer et al., 2009), in which ASSR power in a right auditory cortex
source was significantly reduced in schizophrenia patients. Thus, two different source
localization methods led to the same result. The present study, however, adds the
information about disturbed long-range synchronization in the gamma-frequency range.

While disturbed gamma oscillations have been suggested to be related to basic
pathopysiological mechanisms in schizophrenia (Uhlhaase and Singer 2010) and AVH are a
frequent symptom of this disease, it is nevertheless interesting to notice that gamma
oscillations might be related to hallucinations in other modalities such as somatic
hallucinations (Baldeweg et al. 1998).

This study focused on the auditory 40 Hz-SSR demonstrating significant findings in
temporal areas. However, there also reports of contributions in the frontal lobe, parietal lobe
and the cerebellum in the 40 Hz ASSR (Reyes et al. 2005). In addition, there are reports
about disturbances in the SSR in schizophrenia in other frequency ranges, such as the 30 Hz
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response (Spencer et al. 2008). It might be an interesting goal for further investigations to
address the question of long-range synchronization between the areas of the extended SSR
network and in different frequency-bands.

In summary, the current study reports decreased interhemispheric phase synchrony in SZ
between the primary auditory cortices and a positive correlation of this interhemispheric
phase synchrony with auditory hallucination scores. The applied technique using a
combination of source localization and calculation of lagged phase synchrony might be
useful also concerning the investigation of other aspects of disturbed functional connectivity
in schizophrenia.
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Fig. 1.

Diffusion Tensor Imaging (DTI) results comparing schizophrenic patients with auditory
hallucinations and schizophrenic patients without hallucinations; a) the blue arrow shows an
area in the posterior part of the corpus callosum (CC) with significantly increased Fractional
Anisotropy (FA) in patients with auditory hallucinations; b) The Witelson Classification
suggests increased FA values in the part of the CC where the auditory fibers cross (Witelson
1989). F: Frontal fibers, M: Motor fibers, Ss: Somatosensory fibers, A: Auditory fibers, T/P:
Temporal and parietal fibers, V: Visual fibers. Reprinted and modified with permission from
Hubl et al., Archives of General Psychiatry, 2004, 61(7):658-668, Copyright © (2004)
American Medical Association. All rights reserved.
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Fig. 2.

Regions of interest for the lagged phase synchronization analyses. Yellow: Primary
Auditory Cortex (BA 41, Heschl’s Gyrus). Green: Secondary Auditory Cortex (BA 42,
Superior Temporal Gyrus).
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Fig. 3.

Scalp EEG data: Time-frequency and topographic maps of evoked power for healthy
controls (HC) and schizophrenia patients (SZ) at electrode Fz. Modified from Spencer et al.
2009 (BMC Neurosci 10:85).
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Fig. 4.

Statistical map demonstrating differences between HC and SZ at p<0.05. There are only
regions with increased activation in HC than in SZ (yellow-red): The right superior and

middle temporal gyrus. No regions with increased activation in patients can be found. A:
Anterior, S: Superior, P: Posterior.
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Fig. 5.
Phase synchronization during the ASSR in HC (blue) and SZ (green); a) BA 41, b) BA42.
Auditory stimulation starts at 0Oms and ends at 500ms.

Int J Psychophysiol. Author manuscript; available in PMC 2012 January 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Mulert et al.

Page 18

e}
08 - G
¢
>
=
2
S~
N
e
e 06
N
Sy
S o
O
L2 >
P
)
c®
25 o4
ES
_q:> n
o
gy
£ c
=%
g
S o 02 4
b=
T o
25 ®
<=
R SqLinear=0,385
(o}
00
I I I | I I
0,00 1,00 2,00 3,00 4,00 500

Auditory Hallucination Symptom Score

Fig. 6.

Spearman’s Correlations between SAPS (scale for the assessment of positive symptoms)
auditory hallucination scores and phase synchrony between left and right primary auditory
cortex.
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Table 1

Comparison of demographic and clinical variables for the HC and SZ groups.

HC sz Statistic
Age (years) 444 +/-6.8 39.8 +/-10.5 t[32] =1.47,p=0.151
Parental socio-economic status 31+-13 3.2+/-0.9 t[28] = -0.32, p = 0.754
Handedness 0.78 +/-0.16  0.77 +/— 0.25 t[32] =0.17, p = 0.864
Age of onset (years) 26.1+/-8.0
Positive symptom total (SAPS) 9.0+/-4.2
Negative symptom total (SANS) 13.9+/- 4.9

Medication dosage (chlorpromazine equivalents)

450 +/— 306 range 83-1200

Mean +/— standard deviation are given for each variable.
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