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Abstract

Previous studies examining coherence and connectivity deviations in schizophrenia patients re-
lied on standard coherence measures between recording sites (at the sensor level). A coherence
source imaging (CSI) methodology where coherence is assessed within imaged brain structures (at
the source level) was developed recently by our group and applied successfully for detecting co-
herent areas in the cortical networks of patients with epilepsy. We applied this Magnetoencepha-
lography (MEG)-CSI technique to measure normal and pathological patterns of brain oscillations
(biomarkers) in normal subjects and patients diagnosed with schizophrenia. Twelve patients di-
agnosed with schizophrenia and twelve healthy control subjects were studied. A ten-minute rest-
ing state MEG brain scan was performed with eyes open. MEG-CSI analysis was performed to iden-
tify the cortical areas that interacted strongly within the 3 - 50 Hz frequency range. Statistically
significant increased regions of coherence were detected in schizophrenia patients compared to
controls in the right inferior frontal gyrus (BA 47—pars orbitalis), left superior frontal gyrus (BA9—
dorsolateral prefrontal cortex), right middle frontal gyrus (BA 10—anterior prefrontal cortex &
BA 46—dorsolateral prefrontal cortex), and right cingulate gyrus (BA 24—ventral anterior cingu-
late cortex). These areas are involved in language, memory, decision making, empathy, executive
and, higher cognitive functioning. We conclude that MEG-CSI can detect imaging biomarkers from
resting state brain activity in schizophrenia patients that deviates from normal control subjects in
several behaviorally salient brain regions. Analysis with MEG-CSI can provide biomarkers of ab-
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normalities in the resting-state. The findings and procedures described can be used to probe the
pathophysiology of schizophrenia and possibly detect subtypes.
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1. Introduction

Schizophrenia is a psychiatric disorder that causes a patient to have remarkably different perceptions of reality
than what is apparent to the people around them. This disorder affects approximately 1% of the world’s popula-
tion (70 million) over the age of 18 [1]. It is primarily characterized by hallucinations (auditory, visual, tactile,
gustatory, and olfactory), delusions, disordered thinking, irregular emotional expressions, and suicidal behavior
[2]-[4]. The disorder is characterized by a wide range of symptoms including positive (non-deficit), negative
(deficit) and cognitive disturbances [2]-[5].

The etiology and pathophysiology of schizophrenia remain elusive. A combination of genetic predisposition
and environmental stress is hypothesized as the root of the illness. A number of neurotransmitters have been im-
plicated from excess dopamine to reduced functioning of the N-methyl-D-aspartate glutamate (NMDA) receptor
[1] [6]-[9]. There is currently no cure for schizophrenia, and the economic burden is high [10].

Non-invasive brain imaging studies have been performed with Electroencephalography (EEG), Magnetoen-
cephalography (MEG), Positron Emission Tomography (PET) and functional Magnetic Resonance Imaging
(fMRI) with the goal of identifying objective measures (imaging biomarkers) of the underlying pathological
processes that can be used to diagnose this disorder. High electrode density (i.e., 64 or more channels) EEG
examinations of the resting state brain activity in schizophrenia patients have revealed a generalized increase in
slower EEG rhythms with a global decrease in EEG power mostly in the alpha and beta frequency ranges [11]-
[13]. The reported topographical distribution of the abnormalities is not uniform with some reports emphasizing
a frontal maximal deviation [11], and others pointing to the central and post-central/parietal areas [14]. To re-
solve the source localization of the EEG, we look to the fMRI results. The Default-Mode Network (DMN) de-
tected by fMRI accounts for the persistent low frequency activity of the brain when it is not engaged in a fo-
cused task (i.e., resting-state) [15]. Several fMRI studies [16]-[20] of the resting state have shown coherence of
low-frequency signal oscillations among brain regions supporting the theory that schizophrenia may be a net-
work disorder. fMRI has found greater coherence in the DMN in the regions of the left frontal polar cortex, right
dorsolateral prefrontal cortex, and multiple regions of the basal ganglia [21] in patient with schizophrenia. The
irregular activation of the basal ganglia circuit was paired with the less active anterior cingulate cortex, suggest-
ing a possible breakdown in the executive network function in patients with schizophrenia. A more recent fMRI
has found cortico-subcortical disconnection within the frontal parietal network inpatients with schizophrenia
[22]. This study also demonstrated that the schizophrenia patients had increased functional connectivity between
several regions in the frontal parietal network and regions belonging to the primary sensory processing.

Synchronized activity, of both low and higher frequencies, within a neuronal network can be detected and lo-
calized using connectivity and coherence analysis of MEG data [23]. Magnetoencephalography (MEG) is a
noninvasive technique for measuring magnetic fields emanating from the human brain. MEG can be a useful
probe of the DMN and offers millisecond-scale temporal resolution [24]. The analysis of coherence between
EEG electrode site [25] and MEG sensors [26] (at the sensor level) has been performed for many years. Howev-
er, at best only regional inference of cortical connectivity can be estimated without first imaging brain activity
(at the source level). MEG studies looking on the sensor level have investigated the resting state in schizophre-
nia patients and found a higher density of delta and theta generators primarily in temporal and parietal areas [27].
As a group, schizophrenia patients when compared with normal controls demonstrate significant decreases in
alpha peak frequency and power [28]. In a group of stable medicated patients the dipole localization of both
slow and fast activity dominated the temporoparietal region, in contrast to the central dipole distribution in con-
trol subjects [29]. Recently, techniques have been investigated that calculate the connectivity across the brain
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using coherence and phase synchrony measures between sources of MEG imaged brain activity in normal and
abnormal patient populations [23] [30]-[32]. One such study used MEG imaged coherence between a voxel and
the rest of the brain to detect difference is the resting state between patients with Schizophrenia and controls.
They specifically looked at the eye closed condition and found impaired alpha coupling in frontal, parietal, and
temporal regions [31]. Previously Rutter et al. [33] preformed a similar MEG study on this population again
with the eyes closed and found patients with schizophrenia had significantly reduced activation in the gamma
frequency band in the posterior region of the medial parietal cortex. These methods vary in the type of imaging
technique applied to the MEG data, the number of sources for which paired coherence can be calculated, and the
use of phase synchrony in place of coherence. These MEG studies have shown the possibility that this technique
can provide important biomarkers for treatment.

Our recent study has combined our recursive current density imaging technique, MR-FOCUSS [34], with an
Independent Component Analysis (ICA) technique that enhances the imaging of bursts of brain electric activity,
such as epileptic spikes and other abnormal transients [35] [36] into a MEG coherent source imaging technique
(MEG-CSI). Our recent paper demonstrated this MEG-CSI method technique is valuable in imaging the Epilep-
tic network regions prior to surgical resection [36]. A similar coherent MEG imaging paradigm as the one used
in this study has been used to image the temporal dynamics of power fluctuatons to assess the resting state brain
networks in a group of normal control subjects [37]. We found similar results with our MEG-CSI method in our
control subjects.

In this pilot study, we have illustrated the use of this MEG-CSI technique on data from patients with schi-
zophrenia compared to controls subjects. We used MEG to examine the resting-state functional network in a
group of stable medicated schizophrenia subjects compared to normal subjects. We expect that this type of MEG-
CSI analysis performed on the transient neuronal oscillations in specific regions of the brain, identified by past
brain imaging studies in patients with schizophrenia, will provide biomarkers of abnormal functional connectiv-
ity indicative of this devastating disorder. Brodmann area nomenclature was used to identify the brain regions of
interest. Detection of the magneto/electro-physiological abnormalities associated with schizophrenia will have
important public health significance as a better understanding of the pathophysiological mechanisms in these pa-
tients will help in the development of early detection and monitoring responses to therapeutic interventions.

2. Methods
2.1. Subjects

Twelve patients who have been diagnosed with schizophrenia (mean age plus SD: 32 + 8.8 years age; age range
19 - 45years; 10 males and 2 females) and 12 control subjects (mean age plus SD: 27 + 6.5 years; age range 19 -
42 years; 4 males and 8 females) were studied with a 148 channel magnetometer whole head MEG system
(Magnes WH2500, 4D-Neuroimaging). The inclusion criteria for the patient group were: 1) Male or female
chronic schizophrenia outpatients meeting DSM-1V criteria for both schizophrenia and its subtype; 2) Negative
drug screens upon admission to the study, in addition to a corroborated history of at least one month of an illicit
drug-free period prior to admission; 3) Normal neurological examinations; 4) Age between 19 and 60; 5) All
medications have been constant for at least four weeks at the time of recording. The exclusion criteria were: a)
Patients with history of neurological disorders, including head trauma causing any period of loss of conscious-
ness; b) Axis Il diagnoses; ¢) Pregnancy; d) Active substance abuse (positive urine toxicity), or inability to veri-
fy abstinence with the exception of tobacco dependence.

The normal control subjects were recruited from our institution and an affiliated institution’s employee popu-
lation. This group included both men and women between 19 and 60 years old, matched for age (within £ 5
years) with the subjects in the patient group. The exclusion criteria for the control group were: 1) History of
psychiatric illnesses, as evidence by prior psychiatric hospitalizations, outpatient psychiatric treatment, or being
on any psychotropic medication, except for a non-psychiatric reason, e.g., amitriptyline for migraine headache; 2)
Current use of any medications, except occasional analgesics for headache; 3) History of neurological illnesses,
including head trauma resulting in loss of consciousness; 4) History of psychiatric disorders in the immediate
family; 5) History of substance abuse, or dependence; 6) Pregnant women (as evidenced by urine or blood tests).
Smoking was allowed up to arriving in the laboratory which is about one hour before recording. Finally, any so-
cial alcohol consumption was restricted to more than 24 hours prior to testing.

All subjects and patients gave written informed consent prior to this study. The Institutional Review Boards at
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Henry Ford Health System and Wayne State University approved the protocol. All patients were recruited from
the outpatient clinics of the Wayne State University Department of Psychiatry. Patients were enrolled as they
were found to have met inclusion criteria and agreed to participate. As such these patients represent the general
population of schizophrenia with predominantly positive symptoms. There were no patients enrolled with pre-
dominantly negative symptoms.

2.2. MEG Data Collection Procedures

Neuromagnetic recordings were carried out to measure spontaneous resting-state brain activity. Each subject re-
moved all metal from his/her body and changed into a hospital gown. We taped 3 localization coils to the subject’s
forehead and 1 in front of each ear [38]. The subject then lay comfortably on bed, inside the magnetically shielded
room. The subjects head shape was digitized along with the location of the 5 coils. The neuromagnetometer
helmet containing the detector array was then placed around the subject’s head in close proximity to most of the
cortical surface. The subject was asked to avoid excessive eye blinks and body movements during data collection.

MEG data were sampled at a rate of 508 Hz with a low pass filter set to 0.1 Hz and the high pass filter set to
100 Hz. Changes in the subject position between the beginning and end of a study were detected by changes in
magnetic fields from the coils on the forehead and ears. Runs during which the subject’s head shifted position
more than 0.5 cm were repeated. Each subject was monitored by video camera and two-way audio speaker sys-
tem during the time he/she was in the shielded room.

Spontaneous resting-state brain activity was recorded by MEG for 10 minutes, while the subject was lying
quietly on his/her back, with eyes open. The subjects were told to keep their eyes open in order to eliminate co-
herent activity in the occipital cortex corresponding to alpha activity (8 - 13 Hz range). The patient’s eyes were
monitored during the 10 minute collection via a camera mounted in the room attached to a monitor. A standard
MRI scan, rescaled to each patient’s digitized head shape, was utilized to display the MEG results.

2.3. MEG Data Analysis

All data processing was performed with our software, MEG-Tools [39], using MATLAB. Data were forward
and backward filtered to 3 - 50 Hz. Independent Component analysis (ICA) was used to remove heart activity
artifacts from the raw MEG data. Then singular value decomposition (SVD) of MEG data was used if needed to
eliminate other noise components, such as dental artifact, not removed by the ICA and frequency filtering.

Coherence source imaging (CSI) analysis [36] was performed on the 10 minutes of resting-state MEG data to
identify cortical sources that interacted strongly within each frequency. To localize cortical source activity, a
head model was constructed using a standard T1-weighted high-resolution volumetric MR image. The source
space consisted of X-, Y- and Z-oriented dipoles at approximately 4000 locations, distributed to represent the
same amount of gray matter identified in the MR image. The MR images were co-registered with the individu-
al’s digitized head shape recorded at the time of MEG data collection.

The 10 minutes of resting-state MEG data were prepared for source imaging by division into 80 segments,
each containing 7.5 seconds of data of relatively uniform brain activity. For each of these data segments, signals
from neuronal sources were isolated using an ICA spatiotemporal decomposition technique designed to extract
signals from distinct compact sources that exhibit burst behavior and minimal temporal overlap with other active
sources. These ICA signal components have MEG spatial magnetic field patterns corresponding to one or a few
spatially distinct compact sources which are much easier to image accurately using the MR-FOCUSS source
imaging technique [34]. Separate from the imaging algorithm, the cross-spectrum between ICA signals was cal-
culated. In these cross-spectrum calculations, a sequence of Fast Fourier Transform (FFT) spectra was calcu-
lated using 0.5 sec windows with 25% overlap for 24 frequency bins of 2 Hz width between 3 and 50 Hz. The
imaging results and the signal cross-spectrum were used to calculate the coherence between each voxel/dipole
and all other active cortical locations within each of the 24 frequency bins. Finally, for each active source, the
average coherence across frequencies and sources was calculated. In these coherence imaging results, the loca-
lization of imaged brain activity is strongly dependent on the frequency bands with greatest power.

The axial MRI images with the MEG coherence frequency averages (3 - 50 Hz) of the resting-state from all
subjects were visually inspected. MEG-Tools identified regions of maximum coherence in individual subjects.
Regions of interest investigated in this study are involved in language, memory, decision making, empathy, ex-
ecutive and higher cognitive functioning and correlated to Brodmann’s Areas (BA) 9, 10, 24, 46 and 47. These
regions have been reported in previous studies to be highly active in patients with schizophrenia [40]. The va-
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riance between the amplitudes of the coherence levels from the patients with schizophrenia and the control sub-
jects were assessed for statistical significance.

2.4. Statistical Analyses

Differences between the coherence estimates of the Schizophrenia group and the Control group were assessed
using a three-way analysis of variance (ANOVA) with GROUP as the between-group effect, and Brodmann
Area region (9, 10, 24, 46, 47) and SIDE (hemisphere: left, right) as within-group effects. Upon significant main
effects or their interactions, post-hoc analyses were performed using two-tailed t-tests for independent samples
to compare coherence values between groups. Correction for multiple correlations was performed using Bon-
ferroni’s method. Statistical analyses were performed in IBM SPSS Statistics Package v.19 (IBM Corporation,
Armonk, NY, USA).

3. Results

The mean coherence across all 24 frequency bins (within the 3 - 50 Hz band) were calculated and sites of high
coherence (red) were co-registered on the MR images. Table 1 describes the mean coherence amplitudes for
each of the Brodmann areas investigated. with 95% confidence interval, and significance values (t-test results,
p-uncorrected) for schizophrenia and control subjects. Figure 1 is a graphical representation of these mean co-
herence amplitudes. Figure 2 depicts the MEG-CSI results for one Patient with schizophrenia and one Control
Subject.

Control Brodmann’s Area (C-BA) vs. Schizophrenia Brodmann’s Area (S-BA)

Figure 1 represents a visual display of the mean coherence amplitudes and Table 1 shows a list of all the para-
meters. A three-way ANOVA with GROUP as the between-group effect, and BA region (10, 9, 24, 46, 47) and

Table 1. Schizophrenia (S) vs. control (C) comparisons.

Location N 95% ClI Mean Coherence Independent Samples t-Test
S-BA9 Left 12 0.113t0 0.203 0.158
t(22) = 2.66, p = 0.001
C-BA9 Left 12 0.054 to 0.085 0.069
S-BA9 Right 12 0.121t0 0.228 0.174
t(22) =2.62,p=0.016
C-BA9 Right 12 0.059 t0 0.123 0.091
S-BA10 Left 12 0.126 t0 0.232 0.179
t(22) = 2.89, p = 0.009
C-BA10 Left 12 0.046 t0 0.121 0.083
S-BA10 Right 12 0.134t0 0.226 0.180
t(22) =3.12, p = 0.005
C-BA10 Right 12 0.051t0 0.123 0.087
S-BA24 Left 12 —0.00025 to 0.01170 0.00572
t(22) =1.35,p=0.191
C-BA24 Left 12 —0.00007 to 0.00302 0.00148
S-BA24 Right 12 0.00177 to 0.01652 0.00914
t(22) = 2.38, p = 0.026
C-BA24 Right 12 —0.00014 to 0.00044 0.00015
S-BA46 Left 12 0.125t0 0.245 0.185
t(22) =1.65,p=0.113
C-BA46 Left 12 0.079 to 0.166 0.122
S-BA46 Right 12 0.149t0 0.262 0.205
t(22) =2.94, p = 0.008
C-BA46 Right 12 0.065 to 0.142 0.103
S-BAAT Left 12 0.170to 0.290 0.230
t(22) =2.45, p=0.023
C-BAA47 Left 12 0.079t0 0.183 0.131
S-BA4T7 Right 12 0.163 to 0.269 0.216
t(22) =3.81, p=0.001
C-BA47 Right 12 0.063 to 0.127 0.095
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Figure 1. Graph comparing the Mean coherence amplitudes and standard deviations for each of the
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Figure 2. Axial MRI slices with MEG-CSI results overlaid. Left side is one schizophrenic patient
on the right side is an age-matched control subject. (A) Brodmann’s area 47 is circled indicating this
is an area of high coherence; (B) The corresponding results from a Control subject indicating that
high coherent areas are only seen in visual association areas (BA 19, 21, 37); (C) Brodmann’s area
10 is circled indicating this is an area of high coherence; (D) Control subject coherent areas are only
seen in visual association areas (BA 19, 21, 37); (E) Brodmann’s area 46 is circled indicating this is
an area of high coherence; (F) Control subject coherent areas are only seen in visual association
areas (BA 19). Note visual cortical areas are active as the Patient has eyes open. Coherence level is
below 0.3 in control subject and greater than 0.3 in schizophrenia patient.
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SIDE (hemisphere: left, right) as within-group effects, showed a significant effect of GROUP (F(1,22) = 12.18,
p = 0.002) and BA region (F(1,22) = 47.01, p < 0.001). A significant BA-by-GROUP (F(1,22) = 4.45, p = 0.003)
interaction and a trend towards significance for BA-by-SIDE interaction (F(1,22) = 2.43, p = 0.054) were also
observed. There were no significant effects of SIDE (F(1,22) = 0.005, p = 0.94), no significant SIDE-by-
GROUP (F(1,22) = 0.78, p = 0.38) and BA-by-SIDE-by-GROUP (F(1,22) = 2.42, p = 0.13) interactions.
Post-hoc two-tailed t-tests for independent samples showed significant differences in coherence values between
schizophrenia patients and healthy controls in respective BA regions listed below.

Coherence in the right hemisphere inferior frontal gyrus (BA 47-pars orbitalis), showed a highly significant
difference between groups (p < 0.01, corrected). The comparison of the coherence in the left hemisphere BA 47
showed no significant differences after correction of p-value for multiple comparisons (p < 0.2, corrected). The
MEG results of BA 47, for one patient and subject, are shown in Figure 2 (top section). The comparison for the
right hemisphere superior frontal gyrus (BA 9—dorsolateral prefrontal cortex), also showed no significant dif-
ferences after correction of p-value for multiple comparisons (p < 0.15, corrected). The comparison of the left
hemisphere coherences for the same region (BA 9) on the other hand showed a significant difference between
groups (p < 0.01, corrected).

The comparison of coherence estimates for the left hemisphere middle frontal gyrus (BA 10—anterior pre-
frontal cortex) showed a weak trend towards significance after correction for multiple comparisons (p < 0.09,
corrected) between control subjects and the patients with schizophrenia. The comparison of the right hemisphere
BA 10 values on the other hand showed a significant difference (p < 0.05, corrected). MEG results for this area
are shown in Figure 2 (middle section).

The comparison of the coherences for right hemisphere middle frontal gyrus (BA 46) (which is also the dor-
solateral prefrontal cortex like BA 9) showed a weak trend towards significance after correction for multiple
comparisons (p < 0.08). MEG results for BA 46 are shown in Figure 2 (bottom section). The comparison of the
left hemisphere BA 46 was not statistically significant (p > 0.05).

The comparison of right hemisphere cingulate gyrus (BA 24—uventral anterior cingulate cortex) showed a
significant difference between group (p < 0.05, uncorrected). The comparison of the left hemisphere BA 10 val-
ues on the other hand showed no significant differences between groups (p > 0.05).

4. Discussion

These preliminay investigations show that areas of the frontal pole cortex (BA 10), dorsolateral prefrontal cortex
(BA 9 and 46), orbitofrontal cortex (BA 10 and 47), and the anterior cingulate cortexes (BA 24) in patients with
schizophrenia exhibit noticeably higher coherence levels in a resting state compared to controls. BA 47 in the
ventral-orbital frontal cortex has been largely associated with multitasking and has been implicated in the pro-
cessing of syntax in spoken and sign languages, and more recently in musical [41]. Current research suggests
that BA 10 in the frontopolar part of the frontal cortex is involved in strategic processes in memory retrieval and
executive function [42] [43]. BA 9 (which is the dorsolateral prefrontal cortex, the highest cortical area respon-
sible for motor planning, organization, and regulation) plays an important role in the integration of sensory and
mnemonic information and the regulation of intellectual function and action, and is also involved in working
memory. BA 46 (which is also located in the dorsolateral prefrontal cortex like BA 9) is involved similarly in
the higher cortical functioning. BA 24 (the anterior cingulate cortex) is responsible for rational cognitive func-
tions, such as reward anticipation, decision-making, and empathy [44]-[48]. The mentioned functional signific-
ances of these areas may indicate that patients with schizophrenia have an over-recruitment of activity in the
frontal lobe of the brain, even during resting-state. These data add to the findings by Sperling et al., [49] which
showed that a group of patients with schizophrenia differed overall from the healthy subjects in the elevation of
absolute dipole values measured in both hemispheres. For the region of slow dipole activity (2 - 6 Hz), a high
correlation was found between the intensity of dipole concentration and productive psychotic symptoms
(PANSS, P1-P7). Dipole localization (for both frequency ranges) showed a concentration effect (DCE) in the
temporoparietal region in patients with schizophrenia.

A recent study using MEG has found similar activation of the frontal polar cortex, and prefrontal cortex [40].
In the current study, we find additional activation in the anterior cingulate region (BA 24) in schizophrenia pa-
tients when compared to controls directly. BA 24 is responsible for rational cognitive functions, such as reward
anticipation, decision-making, and empathy. Therefore, coherent activity seen in patients with schizophrenia in
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this area may imply that it is actively being inhibited by other regions possibly leading to decreased display of
empathy or rational decision making. It could also mean that the area is constantly engaged in other tasks and
therefore unable to provide needed activation to have empathy or the ability to make rational decisions.

A second MEG resting-state study examined gamma frequency band in patients with schizophrenia and con-
trols and similar to the findings of the current paper, detected activation in the posterior region of the brain in
both controls and schizophrenia patients [33]. The findings of activation in the occipital region, was also re-
ported in another MEG study [50], however, they found no definite coherence increases in various areas of the
frontal lobe such as we found in the current study. Our data emphasized the high coherence in many areas of the
frontal lobe (BA 9, 10, 46, 47), and undersores the significant deviations in this region in subjects with schi-
zophrenia. Further speculation on the possible implications of the limited pilot data provided here must await
independent replication in a larger sample.

The control data matched the results of a previous MEG study [37]. Generally, no substantial coherence was
detected in any other area but the occipital lobe. This correlated well with visual activation since as the subjects’
eyes were open during the entirety of both of these studies.

Our MEG findings can be used in the future to detect possible biomarkers/indicators of an abnormal rest-
ing-state in schizophrenia patients and could possibly help further define the clinical subtypes of the disorder. As
no task performance or cooperativeness is required (other than staying still during recording), this procedure
may be useful in uncooperative or significantly cognitively imparied patients. Furthermore, DMN indicators
recorded by MEG can be used to quantitatively assess brain activation levels pre- and post-treatments in patients
with schizophrenia. DMN analysis with MEG can also evaluate various treatments effectiveness, whether the
treatment is via drugs, transcranial magnetic stimulation, deep brain stimulation, or other therapies, thus provid-
ing a valuable clinical tool in the mental health field to evaluate the patients progress.

Though there is continuous activation of regions in the frontal lobe in patients with schizophrenia, it remains
to be seen where other areas of the brain may be aroused during the experience of certain active symptoms of
the disease: auditory hallucinations, visual hallucinations, etc.

Three major drawbacks limit the generalizability of the results. First is the small sample size. Definitive cor-
relations with clinical symptom-clusters could not be provided. Furthermore, for the purposes of this preliminary
exploration subjects were not matched for gender. While early work suggested that there may be gender-based
differences in the clinical symptomatology [51], evidence for gender-based electrophysiological differences
within schizophrenia populations has been sparse [52]. Nonetheless, this issue needs to be documented in sub-
sequent studies utilizing coherence source imaging with larger sample sizes allowing the examination of any
possible gender-based differences. Secondly, patients were medicated with various antipsychotic agents (major-
ity on atypical antipsychotics). The effects of medications on the MEG signal are currently not well-known.
Furthermore, as in coherence imaging results, the localization of imaged brain activity is strongly dependent on
the frequency bands with greatest power, investigation of coherent activity at narrow preselected bands is war-
ranted.
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