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Previous studies have repeatedly found altered temporal characteristics of EEGmicrostates in schizophrenia. The
aim of the present study was to investigate whether adolescents affected by the 22q11.2 deletion syndrome
(22q11DS), known to have a 30 fold increased risk to develop schizophrenia, already show deviant EEG micro-
states. If this is the case, temporal alterations of EEG microstates in 22q11DS individuals could be considered
as potential biomarkers for schizophrenia. We used high-density (204 channel) EEG to explore between-group
microstate differences in 30 adolescents with 22q11DS and 28 age-matched controls. We found an increased
presence of onemicrostate class (class C) in the 22q11DS adolescentswith respect to controls thatwas associated
with positive prodromal symptoms (hallucinations). A previous across-age study showed that the class C micro-
state was more present during adolescence and a combined EEG–fMRI study associated the class C microstate
with the salience resting state network, a network known to be dysfunctional in schizophrenia. Therefore, the in-
creased class Cmicrostates could be indexing the increased risk of 22q11DS individuals to develop schizophrenia
if confirmed by our ongoing longitudinal study comparing both the adult 22q11DS individuals with and without
schizophrenia, as well as schizophrenic individuals with and without 22q11DS.

© 2014 Elsevier B.V. All rights reserved.
1. Introduction

The genetic mechanism leading to schizophrenia points to a
complex process in which rare genetic mutations affecting the
neurodevelopmental pathway might contribute to the pathogenesis of
this disorder (Walsh et al., 2008). One genetic conditionwhich increases
the vulnerability to develop schizophrenia is the 22q11.2 deletion syn-
drome (22q11DS) that consists of a microdeletion on chromosome 22
(Karayiorgou et al., 2010). 22q11DS represents approximately 2% of all
cases identified as meeting the diagnostic criteria for schizophrenia,
and approximately 5% of cases diagnosed as childhood onset schizophre-
nia (Sporn et al., 2004). It is often associated with congenital cardiac and
palate malformation, spine and kidney abnormalities, cognitive and psy-
chiatric symptoms such as low IQ, learning difficulties, impaired social
interactions, and high prevalence of psychotic symptoms (Debbane
boratory, Dept. of Fundamental
hel-Servet, CH-1211 Geneva,
02.
u).

al., Deviant dynamics of EEG
ophr. Res. (2014), http://dx.d
et al., 2006; Lewandowski et al., 2007; Karayiorgou et al., 2010). Approx-
imately 30% of 22q11DS patients develop schizophrenia compared to
only 1% in the general population (Murphy et al., 1999). Adolescents
with 22q11DS without diagnosed psychotic disorders also show re-
markable similarities in cognitive profiles commonly associated with
schizophrenia such as deficits in sustained attention, executive
functioning, and verbal working memory (Lewandowski et al.,
2007). The 22q11DS could thus be a model-condition to investigate
early endophenotypes and advance our understanding on the com-
plex genetic neurodevelopmental factors influencing the onset of
schizophrenia (Murphy and Owen, 2001).

Numerous empirical observations associated with schizophrenia in-
dicate disrupted functional connectivity betweendifferent brain regions
both during rest and active engagement in a task (Friston and Frith,
1995; Spencer et al., 2004; Stephan et al., 2009). Although the relation-
ship between disconnected brain regions and schizophrenic clinical
symptoms has been described (Stephan et al., 2009), a crucial element
of cortical network function has been largely neglected. Large-scale
neural networks follow a complex operative dynamic that reorganizes
itself flexibly and rapidly to enable optimal functioning (Bressler and
Tognoli, 2006; Van de Ville et al., 2010; Menon, 2011).
resting state pattern in 22q11.2 deletion syndrome adolescents: A
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Various studies have shown that only a few recurrent and dominant
classes of topographies termed EEG microstates (Koenig et al., 2002;
Lehmann et al., 2010) are observed in the spontaneous multichannel
EEG at rest. The EEG microstates are consistent across subjects and re-
cordings and remain stable for about 80ms (Koenig et al., 2002). In a re-
cent EEG–fMRI study, the EEG microstates were associated with the
fMRI resting-state networks (RSNs) (Britz et al., 2010). The first micro-
state (class A) correlated with BOLD activity in bilateral superior and
middle temporal gyri, corresponding to the so-called auditory RSN;
the secondmicrostate (class B) correlatedwith BOLD activity in bilateral
extrastriate visual areas, BA18 and BA19 of the visual RSN; the third
microstate (class C) correlated with BOLD activations in posterior ante-
rior cingulate, bilateral inferior frontal gyri, the right anterior insula
and left claustrum, corresponding to the salience RSN (Menon, 2011;
Palaniyappan and Liddle, 2012); the fourth microstate (class D) corre-
lated with BOLD activity in the right-lateralized dorsal frontal and pari-
etal cortices, which corresponds to the attention RSN (Britz et al., 2010).

Several studies investigating resting state EEG in schizophrenia re-
ported abnormalities in microstate parameters compared to controls.
The EEG microstates of schizophrenics showed decreased duration of
microstate class D (Koenig et al., 1999; Lehmann et al., 2005; Kikuchi
et al., 2007; Kindler et al., 2011; Nishida et al., 2013) and class B
(Strelets et al., 2003; Lehmann et al., 2005; Nishida et al., 2013), as
well as an increased presence of class C (Lehmann et al., 2005; Kikuchi
et al., 2007; Nishida et al., 2013).

Identifying neurophysiological indices in specific genetic syndromes
that place individuals at an increased risk for schizophrenia will lead to
early therapeutic intervention in an effort to reduce the clinical symp-
toms and increase our understanding of its pathogenesis. Therefore,
the main goal of our study was to explore between-group differences
of 22q11DS adolescents compared to healthy age-matched individuals
in terms of the temporal characteristics of resting EEG microstates:
meanduration, time coverage, frequency of occurrence, and global pres-
ence, as well as their association with prodromal symptoms.

2. Methods

2.1. Subjects and procedure

Fifty-eight participants between 12 and 19 years old, 30 22q11DS
patients (16.5 ± 2.5 years old, mean± s.d., 17 females) and 28 healthy
individuals (15.6± 2.3 years old, mean± s.d., 14 females) participated
in the study. An independent sample t-test shows no significant differ-
ences between ages for the two groups (T(df = 56) = 1.42, p N 0.05).
All participants were recruited by the Department of Psychiatry at the
OfficeMédico-Pédagogique Research Unit in Geneva. The 22q11DS par-
ticipants were contacted through European and Swiss 22q11DS parent
associations. Healthy controls were recruited within the siblings of the
22q11DS participants (N = 13), and from the Geneva state school sys-
tem (N = 15) and were enrolled in the ongoing longitudinal research
protocol. Siblings of participants with 22q11DS are not at high risk of
developing psychosis (Antshel et al., 2010) while they share the same
socio-economic background as their siblings. In addition, siblings of par-
ticipants with 22q11DS show a high motivation to participate and are
characterized by a low attrition rate in this longitudinal study. Exclusion
criteria for the control group were: premature birth, presence of neuro-
logical problems, history of learning disability or speech problems,
history of psychiatric problems. All participants signed the informed
consent form approved by the Ethical Committee of the Geneva Univer-
sity School of Medicine in Switzerland. Parents of all participants with
22q11DS and parents of controls aged below 18 years signed the in-
formed consent.

An array comparative genomic hybridization (aCGH) confirmed the
presence of the 22q11 microdeletion in all patients.

The Structured Interview for Prodromal Syndromes (SIPS) was ad-
ministered to the 22q11DS individuals to assess positive and negative
Please cite this article as: Tomescu, M.I., et al., Deviant dynamics of EEG
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prodromal syndromes (Miller et al., 2003). A full Wechsler Intelligence
Scale for Children III (WISC-III) (or Wechsler Adult Intelligence Scale-III
(WAIS-III) for participants N17 years old) was administered to every
participant. The groups differed significantly on the Full Scale IQ
(FSIQ) (independent samples t-test on the FSIQ: 22Q11DS: 72.4 ± 8.9;
control group: 108.8 ± 12.3; T(df = 56) = −12.7, p b 0.00001).

Furthermore, all participants including controls underwent a com-
prehensive psychiatric evaluation by a trained child and adolescent
psychiatrist (SE). Parents of children and adolescents completed the Di-
agnostic Interview for Children and Adolescents — Revised (DICA-IV)
(Reich, 2000). The Structured Clinical Interview for DSM-IV (SCID)
(Spitzer et al., 1992) was administered to adult participants and their
parents. In addition, the psychotic disorders supplement of the Schedule
for Affective Disorders and Schizophrenia for School-Age Children
Present and Lifetime version (Kaufman et al., 1997) was administered
to all participants. Current psychiatric diagnoses given by the study psy-
chiatrist (SE, based on the structured interviews) and medication pre-
scribed by their regular psychiatrist are listed in Table 1.

For the EEG recording, subjectswere sitting in a comfortable, upright
position in a darkened, electrically shielded room, they were instructed
to stay as calm as possible, to keep their eyes closed and to relax for five
minutes. The EEG was recorded in the afternoon or early evening and
participants were asked to stay awake. Additionally, all participants
were monitored by the cameras of an eye and head tracking system
(Smart Eye Inc.) during the EEG recording that was continuously
displayed on a screen in the control room. In the event of signs of
nodding off or increased drowsiness in the EEG by visual inspection
the recording was stopped. The EEG was recorded by a high density,
256-channel HydroCel Geodesic Sensor Net (Electrical Geodesics Inc.,
Eugene, USA), sampled online at 1 kHz between DC and 100 Hz with a
vertex reference.

2.2. EEG data processing

Offline, the EEG was band-pass filtered between 1 and 40 Hz; elec-
trodes on the cheeks and nape were excluded, and the remaining 204
electrodes were kept for further analysis. Infomax-based Independent
Component Analysis (ICA) was applied to remove oculomotor and
cardiac artefacts based on the waveform, the topography, and the time
course of the ICA component (Jung et al., 2000). The data were
then down-sampled to 125 Hz, bad electrodes were interpolated using
a 3-D spherical spline (Perrin et al., 1989), and were recomputed
to the common average-reference. In order to further improve the
signal-to-noise ratio, only the data at the time points of the local maxi-
ma of the Global Field Power (GFP) were submitted to further analysis
(Britz et al., 2010), and GFP peaks corresponding to noise due to move-
ment or muscle artefacts were excluded. The Global Field Power (GFP)
is a scalar measure of the strength of the scalp potential field and is cal-
culated as the standard deviation of all electrodes at a given time point
(Lehmann and Skrandies, 1980; Michel et al., 1993; Murray et al., 2008;
Brunet et al., 2011) (see Fig. 1B). Between twoGFP troughs, the strength
of the potentialfield varies but the topography remains generally stable.
The local maxima of the GFP are thus the best representative of a given
microstate in terms of signal-to-noise ratio (Pascual-Marqui et al.,
1995), corresponding to moments of high global neuronal synchroniza-
tion (Skrandies, 2007). These GFP-reduced data were then submitted to
a k-means cluster analysis (Murray et al., 2008; Brunet et al., 2011), that
identifies the most dominantmicrostates present in the 5 minute eyes-
closed recordings. The cluster analysis was first computed at the indi-
vidual level and then across participants by group (see Fig. 1D), cluster-
ing each participant's representative microstates. In order to be able to
compare our results with previous studies we selected four cluster
maps in each subject and across subjects in each group. Additionally,
to investigate the topographical differences of the microstate classes
between the two groups we performed topographical ANOVAs
(TANOVAs) (Lehmann and Skrandies, 1980; Murray et al., 2008).
resting state pattern in 22q11.2 deletion syndrome adolescents: A
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Table 1
Demographic data of patients.

Patient Age Gender Full scale IQ Current psychiatric disorder Auditory deficit Medication SIPS-P4

1 18 Female 67 Anxiety disorder No Anticonvulsant 5
2 17 Female 70 – Yes – 0
3 15 Female 85 ADHD No Anti-depressive 4
4 17 Female 72 – Yes – 4
5 17 Female 77 Anxiety disorder Yes – 2
6 15 Female 46 – No Beta blocker, hormonal 0
7 18 Female 71 – No – 4
8 18 Female 56 – Yes – 0
9 14 Male 68 ADHD, anxiety and mood disorders No Antipsychotic 3
10 13 Male 73 ADHD No Methylphenidate 3
11 17 Female 82 Anxiety disorder Yes – 2
12 19 Male 63 – Yes – 2
13 13 Male 80 – No L-thyroxine, methylphenidate 3
14 19 Male 68 – Yes Hormonal 0
15 19 Male 74 Mood disorder No Anti-depressive, methylphenidate 3
16 18 Male 73 ADHD, anxiety disorder No – 3
17 12 Female 79 – No – 0
18 12 Male 71 – No – 2
19 18 Male 63 Schizophreniform disorder Yes Antipsychotic, anti-depressive 6
20 15 Female 69 ADHD No Hormonal 4
21 13 Male 79 – No – 2
22 19 Female 72 Mood disorder Yes Hypertension, anti-diabetes 4
23 17 Female 61 ADHD Yes – 1
24 19 Female 89 – No Hypertension 2
25 19 Female 81 – No – 0
26 13 Male 75 – Yes – 4
27 15 Male 71 ADHD, anxiety disorder No Antiasthmatic 0
28 12 Female 82 ADHD No Methylphenidate, anti-depressive 4
29 19 Male 74 – Yes – 0
30 19 Female 80 – No Methylphenidate, anti-depressive 0
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After multiple shuffling and permutations of individual microstates,
the TANOVA determines the statistical dissimilarity between the
microstate classes of the two groups. The free academic software
Cartool (brainmapping.unige.ch/cartool) was used for the micro-
state analysis (Brunet et al., 2011).

In order to retrieve the temporal characteristics of the microstates,
we computed the spatial correlation between the different microstate
maps identified at the group level and the map at each time point of
each participant's artefact-corrected entire EEG. Each time-point was
then assigned to the microstate class with which it correlated best
(Murray et al., 2008; Brunet et al., 2011), see Fig. 1E. Temporal smooth-
ing parameters (window (half) size = 5; strength (Besag) 10) ensured
that noise during low GFP did not artificially interrupt segments
(Pascual-Marqui et al., 1995; Brunet et al., 2011). This fitting procedure
allows quantifying of different parameters for each microstate class:
mean duration, time coverage, frequency of occurrence, and global ex-
plained variance. The mean duration is the averaged amount of time
(in ms) that a microstate class was continuously present, whereas the
total time coverage represents the global, summed amount of time of
one microstate class. The frequency of occurrence indicates how many
times a microstate class is recurring per second, and the global ex-
plained variance (GEV) is the sumof the explained variances of eachmi-
crostate weighted by the global field power (GFP).

To investigate group differences and take into account a possible
consequence of the difference in IQ between the two groups, a two-
way repeated measures ANCOVA with IQ as covariate, and the two
factors: group (22q11DS, controls), and microstate class (A, B, C, D)
were performed for each parameter. Finally, we computed Spearman
rank correlation coefficients between the significant microstate class
parameters and the subscores of the SIPS.

In order to see if medication, auditory deficits or the current psychi-
atric diagnosis could have influenced the results, additional two-tailed
t-tests were performed between subgroups of patients: unmedicated
(N = 16) vs. medicated (N = 14) and auditory deficits (N = 12) vs.
Please cite this article as: Tomescu, M.I., et al., Deviant dynamics of EEG
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normal hearing (N=18) aswell as with (N=14) vs. without a current
psychiatric diagnosis (N = 16).

Investigating the EEG microstates syntax (Lehmann et al., 2005;
Nishida et al., 2013) we considered the transitions of microstate classes
as a Markov chain, i.e. a system with a finite number of states undergo-
ing transitions from one to another. We computed the probability of
transitions from one microstate class to another by calculating the oc-
currence frequency of transitions from this state to all others, including
itself. After normalization, we obtained the probability for each possible
transition, of every participant in this study. Subsequently a two-sample
t-test across the two groups was performed for each pair of state transi-
tions to examine whether the transition patterns between the two
groups were significantly different. Results were Bonferroni corrected
for multiple comparisons.

3. Results

The 4microstates across subjects in each group explainedmore than
80% of the global variance (84.1 in the control group and 80.7 in the
22q11DS group). In both groups, the four microstate topographies
markedly resembled those that were previously identified in the litera-
ture (Koenig et al., 1999; Koenig et al., 2002; Strelets et al., 2003;
Lehmann et al., 2005; Britz et al., 2010; Nishida et al., 2013) (see Fig.
2) and were thus categorized as classes A, B, C, and D in accordance
with these studies. This classification was also confirmed by the highest
spatial correlations between each group's microstate class topography
with correlation coefficients 0.92 (A–A), 0.97 (B–B), 0.95 (C–C) and
0.88 (D–D). Additionally, we performed TANOVA analyses for each
microstate class between the two groups and the results show no
statistical differences (A–A p = 0.14, B–B p = 0.55, C–C p = 0.22,
D–D p = 0.53)

The results of the two-way repeatedmeasures ANCOVA for eachmi-
crostate parameter are detailed in Table 2. There was no significant
main effect per group but a significant group x microstate interaction
resting state pattern in 22q11.2 deletion syndrome adolescents: A
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Fig. 1.Microstate analysis method: A) high-resolution EEG recording showing only a subsample of 29 out of 204 electrodes within 2 s at rest; B) the global field power (GFP) of the re-
cording with vertical lines in red indicating peaks of the GFP; C) visualization of consecutive GFP peaks as a 2D map topography (positive amplitudes in red, negative amplitudes in
blue; map seen from top, nose in front, left ear left); D) the result of the group k-means clustering revealing four distinct map configurations representing the four classes of microstates;
E) each time point of the recordingwas labelledwith themicrostate class with which it correlated best. This labelling allowed computing themicrostate parameters: mean duration, time
coverage, global explainedvariance (GEV) and frequency of occurrence for each subject. (For interpretation of the references to colour in thisfigure legend, the reader is referred to theweb
version of this article.)
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was present for all microstate parameters:mean duration, time coverage,
frequency of occurrence, and GEV (see Table 2). The post hoc test
revealed significant group differences for classes C, and D microstates,
as described in Table 2. For all microstate parameters the Class C micro-
state showed an increased presence while class D showed decreased
presence in 22q11DS with respect to controls.

After Bonferroni correction for multiple comparisons, the results of
the syntax analysis showed accordingly that theprobability of transition
from class B microstate to class C microstate was significantly increased
(mean, s.d.; 22q11DS: 0.091, ±0.023; controls: 0.067, ±0.025; t(df =
56)= 3.919, p b 0.05) in the 22q11DS individuals compared to controls
(Fig. 3, C).

The results of Spearman rank correlations between the SIPS scores
and microstate parameters of 22q11DS participants revealed a signifi-
cant positive association of positive symptoms with mean duration of
class C (P4-hallucinations: r = 0.37, p b 0.05).

For all four microstate classes medication, auditory deficits and the
psychiatric diagnosis variables did not show significant results regard-
ing the parameters of microstate analysis. Details about the t-test for
the relevant classes C and D are provided below.

22q11DS participants receiving psychotropic medication (N = 14,
mean ± s.d. class C = 71.4 ± 18.6; mean ± s.d. class D = 49.5 ± 14.4)
Please cite this article as: Tomescu, M.I., et al., Deviant dynamics of EEG
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compared to currently unmedicated 22q11DS (N = 16, mean ± s.d.
class C = 62.8 ± 17.2; mean ± s.d. class D = 52.9 ± 15.6) did not
indicate significant differences (p N 0.05) regarding mean duration of
classes C (t(28) = 1.30) and D microstate (t(28) = −0.61). The
22q11DS individuals with auditory deficits (N = 12, mean ± s.d.
class C = 71.9 ± 19.6; mean ± s.d. class D = 52.5 ± 13.7) com-
pared to 22q11DS participants with normal hearing (N = 18,
mean ± s.d. class C = 63.5 ± 16.6, mean ± s.d. class D = 50.6 ± 16)
did not show a significant difference (p N 0.05) for the microstate clas-
ses C (t(28) = 1.25) and D (t(28) = 0.33) parameters mentioned
above. Comparing 22q11DS participants diagnosed with a current psy-
chiatric disorder (N=14,mean± s.d. class C=69.7±19;mean± s.d.
class D = 49.5 ± 13.9) to 22q11DS without a present psychiatric
diagnosis (N = 16, mean ± s.d. class C = 64.3 ± 17.4; mean ± s.d.
class D = 53.05 ± 16.6) did not result in significant (p N 0.05) differ-
ences regarding mean duration of classes C (t(28) =−0.81) and Dmi-
crostates (t(28) = 0.64).

No significant interaction (mean duration — F(3, 78) = 0.99, p =
0.39; GEV — F(3, 78) = 0.71, p = 0.54; frequency of occurrence —

F(3, 78) = 1.57, p = 0.2; time coverage — F(3, 78) = 1.15, p = 0.33)
was found comparing sibling controls (N= 13) with non-siblings con-
trol (N = 15) for all microstate parameters.
resting state pattern in 22q11.2 deletion syndrome adolescents: A
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Fig. 2.Microstate analysis results: A) the spatial configuration of the four classes ofmicrostates x group; B) significant ANCOVAgroup xmicrostate class interaction driven by the increased
duration of microstate class C and decreased duration of class D in the 22q11DS group; C) ANCOVA interaction for frequency of occurrence: class D were decreased while class C micro-
stateswere significantly increased in 22q11DS; D) time coverage revealed significant ANCOVA interaction driven by increased class Cmicrostates and decreased class Dmicrostates in the
22q11DS group; E) significant Global Explained Variance (GEV) ANCOVA interaction with increased class C and decreased class D microstates for the 22q11DS group.
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4. Discussion

We found significant differences in the temporal characteristics and
syntax of the dominant EEG microstate classes at rest between adoles-
cents with 22q11DS without schizophrenia and healthy age-matched
controls. Themost relevant differences pointed to an increased presence
of the class C microstate, and decreased presence of the class D micro-
state. The syntax analysis also showed an aberrant pattern of activity
with increased transitions to class C microstate in the patients. Further-
more the significant positive association of positive symptoms with the
increased presence of microstate class C indicates a possible clinical rel-
evance of the increased microstate duration. However, a larger sample
size would be needed to increase the positive predictive value of the
SIPS (Miller et al., 2003). This study is the first from a planned longitu-
dinal study with these patients that will help to further investigate the
hypothesis that 22q11DS individuals with deviant microstate parame-
ters associatedwith a high level of prodromal symptoms aremost likely
to further evolve into clinically significant states of psychosis.
Please cite this article as: Tomescu, M.I., et al., Deviant dynamics of EEG
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The most robust effect in our study was the significantly increased
duration, time coverage, GEV and occurrence of microstate class C. In
the simultaneous EEG–fMRI study by Britz et al. (2010) microstate
class C was shown to correlate with activations in areas corresponding
to the salience network, including the bilateral insula and the anterior cin-
gulate cortex. The salience RSN is described as a large-scale neural net-
work involved in the detection of and orientation to both internal
events and external stimuli of importance (Menon, 2011; Palaniyappan
and Liddle, 2012). Recently, we found an aberrant task related activation
of the anterior cingulate in 22q11DS during auditory stimulation, which
was followed by a downstream reduction of activity in the sensory, audi-
tory cortex (Rihs et al., 2013) that could result from deficient saliency
processing.

Both functional and structural studies have found evidence for
dysfunctional salience networks in schizophrenia (Menon, 2011). In a
recent review, the aberrant activity of the salience network in schizo-
phrenia is discussed and an insular dysfunction model of psychosis is
proposed (Palaniyappan and Liddle, 2012). In this model the salience
resting state pattern in 22q11.2 deletion syndrome adolescents: A
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Table 2
The ANCOVA (IQ as covariate) repeated measure group x microstate class interaction re-
sults.

Microstate classes A B C D

Mean duration (ms)
22q11DS mean 45.4 43.5 69.6 45.2
s.d. 6.1 6.3 18.7 11.6
Controls mean 44.3 47.1 60.7 51.8
s.d. 5.1 7.3 15.6 16.1
ANCOVA (group x class) F(3168) = 4. 19 p = 0.006
post hoc test, p 0.72 0.25 0.004 0.03
Cohen's d 0.5 0.4

Frequency of occurrence
22q11DS mean 4.5 4.4 5.9 3.7
s.d. 1 0.9 0.7 1.5
Controls mean 4.2 4.7 5.2 4.5
s.d. 0.7 0.6 1 1.6
ANCOVA (group x class) F(3168) = 4.9 p = 0.002
post hoc test, p 0.36 0.22 0.01 0.01
Cohen's d 0.8 0.5

Time coverage %
22q11DS mean 20 19.2 41.4 18.5
s.d. 6.1 5.2 21 10
Controls mean 19 22.5 32.9 25.4
s.d. 4.2 5.7 13 14.5
ANCOVA (group x class) F(3168) = 5.48 p = 0.001
post hoc test, p 0.4 0.18 0.0007 0.005
Cohen's d 0.4 0.5

Global explained variance
22q11DS mean 0.08 0.06 0.27 0.06
s.d. 0.03 0.03 0.1 0.05
Controls mean 0.07 0.1 0.19 0.14
SD 0.02 0.04 0.1 0.09
ANCOVA (group x class) F(3168) = 9.6 p = 0.00001
post hoc test, p 0.6 0.08 0.0001 0.00003
Cohen's d 0.7 0.2

Significant p-values (p b 0.05) are highlighted in bold.
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network dysfunction would favour disrupted connectivity with the de-
fault mode and the central executive (attention) networks leading to
deficits in cognitive processing that could explain the emergence of pos-
itive symptoms like hallucinations in schizophrenia (Palaniyappan and
Liddle, 2012). Our results are in line with this hypothesis as the param-
eters of themicrostate class C associatedwith activations in anterior cin-
gulate and insula (Britz et al., 2010) showed deviant temporal dynamics
Fig. 3.Microstate class C associationwith symptoms, and syntax analysis results: A) Spearman ra
scores andmean duration (ms) of class Cmicrostates; B) differences between 22q11DS individu
significant (red arrow, p b 0.05, Bonferroni corrected) increased probability of transition from cl
figure legend, the reader is referred to the web version of this article.)
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in the 22q11DS group and were significantly correlated with positive
SIPS scores, P4- hallucinations which seems to well discriminate pa-
tients at high risk for conversion to psychosis (Schneider et al., 2013).

In schizophrenic individuals a shortening of class D microstates was
repeatedly reported (Koenig et al., 1999; Strelets et al., 2003; Lehmann
et al., 2005; Kikuchi et al., 2007; Kindler et al., 2011;Nishida et al., 2013).
Similarly, we found reductions in mean duration, GEV, time coverage
and occurrence of class D in the 22q11DS individuals. The class Dmicro-
state was previously related to the central executive resting-state net-
work (Britz et al., 2010). The central executive network is anchored in
the dorsolateral prefrontal cortex and the posterior parietal cortex. It
is crucially involved in activelymanipulating andmaintaining attention,
decision making and working-memory. In many psychiatric diseases
deficits of these processes have been found, including schizophrenia
as well as the 22q11DS (Lewandowski et al., 2007). The central execu-
tive network is also an important network in the model explained
above (Menon, 2011; Palaniyappan and Liddle, 2012) suggesting that
misengagement of the salience and the central executive networks
could lead to impoverished cognition in these patients (Menon, 2011;
Palaniyappan and Liddle, 2012).

Though changes in microstate class D correspond to the changes ob-
served in schizophrenic patients, some studies found increased pres-
ence of microstate class C (Lehmann et al., 2005; Kikuchi et al., 2007;
Nishida et al., 2013) while it was not observed in other schizophrenia
studies (Koenig et al., 1999; Strelets et al., 2003; Kindler et al., 2011).
Several reasons might account for this. First, the schizophrenic individ-
uals in the previous studies were not affected by 22q11DS (at least it
was not reported by the authors). Secondly, they were diagnosed with
schizophrenia while our participants are not. The differences in age
range are also important: Koenig et al. (2002) showed strikingly en-
hanced presence of microstate class C in healthy adolescents in the
age range between 15 and 18 years, compared to younger and older
subjects. This is the age range of our participants and it is thus not sur-
prising that this microstate might be the most vulnerable.

To our knowledge, no study has yet investigated resting microstate
dynamics in individuals at risk for development of schizophrenia. It
could thus be possible that the deviant microstate characteristics in
this study are potential markers of vulnerability to develop schizophre-
nia. However, certain limitations have to be considered: the statistical
power of the subgroup analyses cannot completely rule out the possibil-
ity that factors such as medication, auditory deficits, or/and the pres-
ence of psychiatric disease might have influenced the results in this
nk correlations show significant (pb 0.05) association of SIPS, P4hallucinations (r= 0.37)
als with respect to controls in probability transition for each pair of state transitions, show
ass B to class Cmicrostate in 22q11DS. (For interpretation of the references to colour in this
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study. The identified increase of class C microstate is a promising candi-
date biomarker to distinguish those 22q11 DS individuals who will de-
velop schizophrenia from thosewhowon't. Further investigations using
a larger sample size, and measuring these individuals at regular inter-
vals which is part of the ongoing longitudinal design of our study, on
the one hand, and comparing the adult 22q11DS individuals with and
without schizophrenia and schizophrenic individuals with and without
22q11DS on the other hand, are needed to confirm the predictive value
of the EEG microstate for the development of schizophrenia. Moreover,
source localization of the neural generators of the EEG microstates and
measures of anatomical connectivity such as DTI would further help to
understand the relationship between the EEG microstates, the resting
state networks and the dysconnection of large-scale neural networks
in schizophrenia.
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