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Evoked and Induced Gamma-Frequency
Oscillations in Autism
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5.1 Minicolumnar Neuropathology Model
of Autism and EEG Gamma

Recent studies by our group have characterized the neuropathology of autism as that

of a minicolumnopathy. Postmortem studies using computerized image analysis of

pyramidal cell arrays have found that the brains of autistic individuals have smaller
minicolumns with most of the decrease stemming from a reduction in its peripheral
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neuropil space, with little, if any reduction, in their core space. This finding has
been reproduced using different techniques (e.g., GLI) and independent populations
(Casanova et al. 2002a, b, ¢, 2006a, b). It is now known that minicolumnar width
reduction in autism spans supragranular, granular, and infragranular layers
(Casanova et al. 2010). The most parsimonious explanation for the findings is the
possible abnormality of an anatomical element in common to all layers. The periph-
eral neuropil space of minicolumns provides, among other things, for inhibitory
elements distributed throughout all of its laminae. This is the so-called shower cur-
tain of inhibition of the minicolumn described by Szentdgothai and Arbib (1975).
Our findings therefore suggest a deficit within the inhibitory elements that surround
the cell minicolumn (Casanova et al. 2006a).

The anatomical disposition of inhibitory elements within the shower curtain of
inhibition provides clues as to their function. While tangentially arrayed basket cells
function, in part, to coordinate activity among remote neuronal ensembles, by con-
trast, radially oriented inhibitory interneurons prominently located in the peripheral
neuropil space surrounding pyramidal cell columns likely function to segregate col-
umns from interference, both from other minicolumns within an array and from
fields of activity or inhibition in neighboring minicolumnar arrays (Casanova et al.
2003). The finding suggests a mechanistic explanation to the inhibitory/excitatory
imbalance in autism and a possible explanation to the multifocal seizures often
observed in this condition (Casanova et al. 2003).

Oscillations of pyramidal cells in minicolumns and across assemblies of mini-
columns are maintained by networks of different species of inhibitory, GABA-
expressing interneurons. In this regard interneurons make a critical contribution to
the generation of network oscillations and help synchronize the activity of pyrami-
dal cells during transient brain states (Mann and Paulsen 2007). Local excitatory—
inhibitory interactions help shape neuronal representations of sensory, motor, and
cognitive variables and produce local gamma-band oscillations in 30-80 Hz range
(Donner and Siegel 2011). The excitatory—inhibitory bias caused by faulty pyrami-
dal cell-interneuronal dyads provides a receptive scenario to gamma-frequency
abnormalities in autism.

Gamma frequencies are closely associated with sensory processing, working
memory, attention, and many other cognitive domains (Ward 2003; Jensen et al.
2007). The brain’s limited long-range wiring cannot directly sustain coordinated
activity across arbitrary cortical locations, but it can convey patterns of synchronous
activity as oscillatory neuronal fluxes, represented by local field potentials mea-
sured by EEG. Coordination of oscillations at varying interacting frequencies allows
for relatively efficient and unconstrained segregation in varying forms and across
hierarchical cortical levels. Disrupted patterns of coordinated oscillatory output in
distributed minicolumnar networks might be associated with cortical “disconnec-
tion” in autism. More specifically, altered oscillatory activity in developing cortical
circuits may contribute to impaired development of intra-areal and transcortical
connections giving rise to a bias in short (e.g., arcuate) vs. long corticocortical pro-
jections (e.g., commissural fibers) (Casanova et al. 2006a, b, 2009). The pervasive
nature of abnormalities ingrained in this oscillatory activity bears significant
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analogy to the cognitive deficits observed in autism. It is therefore unsurprising that
gamma oscillations have been claimed to be directly related to the pathophysiology
of autism (Sohal 2012). To the authors’ knowledge every study on gamma frequen-
cies in autism has been abnormal.

5.2 Functional Significance of Gamma Oscillations

Electroencephalography (EEG) has been used to decompose oscillatory patterns
into several frequency bands: delta (0.5-4 Hz), theta (4-8 Hz), alpha (8-13 Hz),
beta (13-30 Hz), and gamma (30-80 Hz), each of which operates over various spa-
tiotemporal scales to control cortical activity. High-frequency gamma-band oscilla-
tions are most directly associated with entrainment of local networks. Strong
evidence indicates that this gamma-frequency activity is associated with binding of
perceptual features in animals (Herrmann and Knight 2001). Human experiments
have also found that induced gamma activity correlates with binding (Kaiser 2003).
Binding of widely distributed cell assemblies by synchronization of their gamma-
frequency activity is thought to underlie cohesive stimulus representation in the
human brain (Keil et al. 1999; Rodriguez et al. 1999; von Stein et al. 1999; Bertrand
and Tallon-Baudry 2000; Kahana 2006; Pavlova et al. 2006). Increased gamma
activity has been most widely associated with top-down attentional processing and
object perception (Rodriguez et al. 1999; Gruber et al. 2001; Fell et al. 2003;
Nakatani et al. 2005) subserving Gestalt pattern perception (von Stein et al. 1999;
Herrmann and Mecklinger 2000).

Contemporary models of neural connectivity outline the role of integration and
segregation of both local and distal networks, their phase synchronization and large-
scale integration of evoked and induced neural activity (Tallon-Baudry et al. 1998,
2005; Varela et al. 2001; Tallon-Baudry 2003). Functional coupling and decoupling
of neural assemblies could be analyzed within specific time and frequency windows
of electrocortical activity. Gamma-band activity can be divided into either evoked or
induced: evoked gamma-band activity has been identified at a latency of around
100 ms after stimulus onset (Bertrand and Tallon-Baudry 2000; Herrmann and
Mecklinger 2000) and is phase-locked to the onset of the stimulus; induced gamma-
band activity occurs later with a variable onset although it has been reported to start
at around 250 ms (Brown et al. 2005) (Fig. 5.1). It has been proposed that evoked
gamma-band activity reflects the early sensory processing and the binding of per-
ceptual information within the same cortical area (i.e., intra-areal), whereas induced
gamma-band activity reflects the binding of feed-forward and feedback processing
in a whole network of cortical areas (corticocortical) (Shibata et al. 1999; Miiller
et al. 2000; Brown et al. 2005). Variations of such activity have been termed event-
related synchronization and desynchronization (ERS/ERD) (Pfurtscheller and
Aranibar 1977) or event-related spectral perturbations (ERSP) (Makeig et al. 2004)
and have been associated with the activation of task-relevant neuronal assemblies
(Pfurtscheller and Lopes da Silva 1999; Rippon et al. 2007).
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Fig. 5.1 Schematic
representation of early
evoked (peaking around
120 ms poststimulus)

and late induced gamma
(peaking around 240 ms)
oscillations in single trials
and averaged gamma
response during visual
oddball task
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5.3 Abnormalities of Gamma Activity in Autism

Excitatory output of projection neurons is modulated and coordinated by oscillatory
electrocortical activity of area-specific arrays of inhibitory interneurons. Phasic
synchronization of these local oscillation patterns may provide a basis for func-
tional integration across widely distributed cortical networks (Miiller et al. 2000;
Varela et al. 2001; Tallon-Baudry 2003, 2005). Visual and auditory perception
anomalies, as well as some features of language processing and social communica-
tion deficits, and executive dysfunctions associated with “weak central coherence”
in autism (Frith and Happé 1994; Morgan et al. 2003; Mottron et al. 2003; Plaisted
et al. 2003; Happé and Frith 2006) may be attributed to reduced gamma-frequency
synchronization and decreased temporal binding of activity between networks pro-
cessing local features.

Disrupted visual perceptual congruence in individuals with autism is illustrated
by a study (Brown 2005) in which subjects were presented with a visual-shape illu-
sion (Kanizsa 1976). The autistic individuals exhibited a burst of gamma activity in
posterior areas at 300 ms, which was greater in power and duration than the corre-
sponding gamma response in controls. In another study Brown et al. (2005) could
not find reaction time or accuracy differences between groups in a task of Kanizsa
figure identification, but they showed significant task-related differences in gamma
activity. Control participants showed typical gamma-band activity over parietal
regions at around 350 ms, while autistic participants showed overall increased activ-
ity, including an early 100 ms gamma peak and a late induced peak, occurring ear-
lier than that shown by the control group. The authors interpreted the abnormal
gamma activity to reflect decreased “signal to noise” due to decreased inhibitory
processing. Brock et al. (2002) described the parallels between the psychological
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Fig. 5.2 Kanizsa and non-Kanizsa figures were used as stimulus materials in this experiment. In
particular, the stimulus types used in the experiment are Kanizsa square (target), Kanizsa triangle,
non-Kanizsa square, and non-Kanizsa triangle. The nontarget Kanizsa triangle was introduced for
the differentiation of processing Kanizsa figures and targets. The stimuli consisted of either three
or four inducer disks which are considered the shape feature and either do or do not constitute an
illusory figure (square, triangle). Kanizsa illusory figures readily induce gamma response during
perceptual processing (Herrmann and Mecklinger 2001; Brown 2005)
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Fig. 5.3 Gamma-frequency oscillations in response to Kanizsa target (a) and nontarget (b) stim-
uli. Children with autism show higher power of late (240—400 ms poststimulus) gamma oscilla-
tions in response to the target Kanizsa stimulus and higher power of early (40—180 ms poststimulus)
gamma oscillations in response to the nontarget Kanizsa stimulus

model of “central coherence” in information processing (Frith and Happé 1994) and
the neuroscience model of neural integration or “temporal binding.” They proposed
that autism is associated with abnormalities of information integration that is caused
by a reduction in the connectivity between specialized local neural networks in the
brain and possible over-connectivity within the isolated individual neural assem-
blies. This concept was further elaborated in an “impaired connectivity”” hypothesis
of autism (Rippon et al. 2007), which summarized theoretical and empirical
advances in research implicating disordered connectivity in autism. The authors
highlighted recent developments in the analysis of the temporal binding of informa-
tion and the relevance of gamma activity to current models of structural and effec-
tive connectivity based on the balance between excitatory and inhibitory cortical
activity (Casanova et al. 2002a, b, c; Rubenstein and Merzenich 2003; Belmonte
et al. 2004a, b) (Figs. 5.2 and 5.3).
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It has been proposed that “weak central coherence” (Frith and Happé 1994;
Morgan et al. 2003; Mottron et al. 2003; Plaisted et al. 2003; Happé and Frith 2006;
Murias et al. 2007) in autism could result from a reduction in the integration of
specialized local networks in the brain caused by a deficit in temporal binding
(Brock et al. 2002; Rippon et al. 2007). Audiovisual perception anomalies associ-
ated with weak central coherence may be attributed to a reduction in synchroniza-
tion of gamma activity between networks processing local features and can explain
some of the features of language deficits, executive dysfunctions, and other impair-
ments in social communication in autism. Excessive but not synchronized gamma
can be linked to a reduction in the ability to focus attention. In autism, uninhibited
gamma activity suggests that none of the circuits in the brain can come to domi-
nance because too many of them are active simultaneously (Brown et al. 2005).
A proposed “temporal binding deficit” hypothesis of autism (Grice et al. 2001;
Brock et al. 2002; Rippon et al. 2007) suggests that many features of autism, such
as superiority in processing of detail (local processing) and disadvantage in global
processing, necessitating integration of information either over space, time, or con-
text, can be explained by a failure of binding between cortical areas. Abnormal
gamma activation would suggest disrupted neural signaling and would support the
hypothesis of abnormal regional activation patterns.

5.4 Investigation of Evoked and Induced Gamma
Responses in Autism

It is well known that networks of inhibitory interneurons acting as GABA-gated
pacemakers are critically involved in gamma oscillations (Grothe and Klump 2000;
Whittington et al. 2000). Electrophysiological research has provided evidence that
gamma activity is a physiological indicator of the co-activation of cortical cells
engaged in processing visual stimuli (Singer and Gray 1995; Tallon-Baudry and
Bertrand 1999; Keil et al. 2001) and integrating different features of a stimulus
(Miiller et al. 2000). The onset of a visual stimulus gives rise to a burst of gamma
activity over occipital sites, and when more complex tasks are undertaken, discrete
bursts of gamma activity have been identified overlying cortical regions thought to
be engaged in those tasks (Brown et al. 2005). For example, tasks involving atten-
tion modulation or the top-down integration of features give rise to simultaneous
bursts of gamma over frontal and occipitoparietal regions (Rodriguez et al. 1999;
Miiller et al. 2000; Miiller and Gruber 2001).

Kanizsa illusory figures (Kanizsa 1976) have been shown to produce gamma
oscillation bursts during visual cognitive tasks (Tallon-Baudry et al. 1996; Herrmann
et al. 1999). Kanizsa stimuli consist of inducer disks of a shape feature and either
constitute an illusory figure (square, triangle) or not (colinearity feature); in non-
impaired individuals, gamma activity has been shown to increase during “target-
present” compared to “target-absent” trials (Miiller et al. 1996; Tallon-Baudry et al.
1996; Brown et al. 2005). In several studies, Kanizsa figures were employed as stim-
uli in an oddball task paradigm to investigate effects of target classification and
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Fig. 5.4 Frontal (F1) induced gamma responses (peak of oscillations close to 300 ms) in children
with autism spectrum disorder (ASD, N=15) and age-matched controls (N=15) in Kanizsa odd-
ball task. The control group (a) shows higher amplitude of gamma burst to target stimuli, while the
ASD group (b) shows higher gamma response to nontarget Kanizsa figures
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Fig. 5.5 Early evoked gamma oscillations to target and nontarget rare Kanizsa figures at the left lat-
eral frontal site F7 (a) and parietal site P7 (b) in a group of children with autism. Evoked gamma to
nontarget stimuli is comparable and even larger in amplitude than gamma response to target stimuli

discrimination between illusory stimulus features (Tallon-Baudry et al. 1998;
Herrmann and Mecklinger 2000; Béttger et al. 2002; Brown 2005; Sokhadze et al.
2009a). In our study of gamma activity in autism (Sokhadze et al. 2009a; Baruth et al.
2010; Casanova et al. 2012), we used a modification of such oddball test where sub-
jects performed a visual discrimination task which required a response to target
Kanizsa squares among nontarget Kanizsa triangles and non-Kanizsa figures. This
task was used to examine gamma-band EEG activity and event-related potentials
(ERP). Power of induced gamma oscillations (at twelve left and right frontal, central,
parietal, and occipital EEG sites, 30-80 Hz range, in tV?) was analyzed using wave-
let transformation. Density of induced power of gamma oscillations (wWV*Hz) and
power density difference between gamma response to nontarget and target Kanizsa
stimuli (target minus nontarget Kanizsa conditions) were also calculated and ana-
lyzed. Power of gamma oscillations in response to nontarget Kanizsa and non-Kanizsa
standard stimuli was higher in autism group at the left frontal (F1, F7), left and right
parietal (P1, P2, P7, P8), and occipital (O1, O2) EEG channels (Figs. 5.4 and 5.5).
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Group (control, autism) differences in gamma oscillation power to nontarget and
target Kanizsa stimuli were better expressed over the lateral frontal (F7, F8) and
parietal (P7, P8) EEG sites. A Stimulus (target, nontarget) x Group (autism, control)
interaction was highly significant for all recording sites (p <0.001) and described as
higher gamma power to nontargets in autism group compared to controls. We found
also a Hemisphere x Group interaction across the lateral frontal and parietal sites,
with difference between target and nontarget stimuli being more negative in autism
group at the right hemisphere. Most consistent finding was that gamma induced by
the nontarget stimuli was globally higher in autistic subjects compared to controls
at all sites. This interaction for Stimulus (nontarget, target) x Topography (frontal,
parietal) x Group (autism, control) was significant. Power density differences to tar-
get and nontarget stimuli revealed significant and reproducible effect of higher
response to nontargets rather than target Kanizsa figures in the autism group
(Sokhadze et al. 2009a).

Our findings of higher amplitude of ERP components (Sokhadze et al. 2009a, b;
Casanova et al. 2012) and excessive gamma oscillations (Sokhadze et al. 2009a;
Baruth et al. 2010, 2011) in response to nontarget items are in agreement with other
studies noting that neural systems in the brain of autistic patients are often inappro-
priately activated (Belmonte and Yurgelun-Todd 2003a). Kemner et al. (1994) also
reported that the visual N200 ERP component to novel distracters is larger when a
person with autism is performing a task even when these novel stimuli are not rel-
evant to the task in question. According to Belmonte and Yurgelun-Todd (2003a, b),
perceptual filtering in autism occurs in an all-or-none manner with little specificity
for the task relevance of the stimulus. Perceptual filtering may primarily depend on
the control of general arousal rather than the activation of specific perceptual sys-
tem. Since in many tasks requiring attention, persons with autism perform at close
to normal levels despite generally high arousal and low selectivity, some compensa-
tory mechanisms may operate at a higher stage of processing to sort out relevant
stimuli from poorly discriminated background. One candidate mechanism was sug-
gested as an active inhibition of irrelevant distracters that have passed through ear-
lier filtering (Belmonte and Yurgelun-Todd 2003b). It is unsurprising that increased
ratio of excitation/inhibition in key neural systems and high “cortical noise” have
been considered as a core abnormality of autism (Casanova et al. 2003; Rubenstein
and Merzenich 2003).

Our study showed very similar gamma activation pattern both to “target” and
“nontarget” Kanizsa stimuli (Sokhadze et al. 2009a; Baruth et al. 2010, 2011).
Furthermore, dipole source coherence analysis (Hoechstetter et al. 2004) of early
evoked (40-150 ms) 40 Hz centered gamma responses to targets at the parietal sites
(P3, P4) showed between three groups differences, specifically, higher hemispheric
coherence coefficient values in attention deficit/hyperactivity disorder (ADHD) as
compared to autism group (0.59 in ADHD vs. 0.38 in autism, p=0.003).

The gamma frequencies, particularly those centered about 40 Hz, have been tied
to visual, attentional, cognitive, and memory processes (Basar et al. 2001). As it was
mentioned above, following a stimulus presentation during visual task, two gamma
oscillations are typically noted: an early evoked oscillation and a late induced
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oscillation (Bagar et al. 2001). The evoked gamma oscillations typically occur
within the first 100 ms after the onset of a stimulus and are locked in time from trial
to trial. Because little variation is seen in the latency of the evoked gamma with
changing stimulus type, it is believed that it may be a result of sensory processes.
Conversely, induced gamma oscillations occur later, after 240 ms poststimulus, and
vary in latency from trial to trial (Tallon-Baudry and Bertrand 1999). These varia-
tions occurring in time window typical for P300 ERP component may suggest that
the induced gamma oscillations are related to higher cognitive processes (Tallon-
Baudry 2003). Deviations from typical gamma-band activity have been reported in
several studies on neurological disorders, including epilepsy, Alzheimer’s disease,
ADHD, and autism (Herrmann and Demiralp 2005).

Our study (Baruth et al. 2010) indicated that individuals with autism had a mini-
mal difference in evoked gamma power between target and nontarget Kanizsa stim-
uli at all EEG channels of interest. In fact, evoked gamma power responses were
slightly larger in response to nontarget Kanizsa stimuli relative to targets. In contrast
the control group had a significantly higher evoked gamma power to target Kanizsa
stimuli compared to nontarget Kanizsa stimuli showing clear differences in visual
stimulus discrimination. Additionally, the control group showed a greater difference
in evoked gamma power between frontal and parietal regions to all stimuli over the
left hemisphere: controls had more frontal as compared to parietal gamma activity,
while the autism spectrum disorder (ASD) group showed negligible topographic
differences. These findings are similar to the findings of Grice et al. (2001) where
individuals with autism did not show significant differences in frontal gamma activ-
ity during the processing of upright and inverted faces, whereas control subjects
showed clear discriminative increases in frontal gamma activity when the faces
were presented upright vs. inverted. These findings also correspond to our previous
investigation (Sokhadze et al. 2009a) where we found positive differences in gamma
oscillation power (i.e., 30-80 Hz, 0-800 ms poststimulus) between target and non-
target Kanizsa stimuli where it decreased, especially over the lateral frontal (F7, F8)
and parietal (P7, P8) EEG sites, in adolescents and young adults with ASDs; this
was mainly due to significant increases in gamma power at all recording sites, espe-
cially evoked gamma (i.e., ~100 ms) over frontal channels, to nontarget Kanizsa
stimuli compared to controls. Our results indicate that in ASD evoked gamma activ-
ity is not discriminative of stimulus type, whereas in controls early gamma power
differences between target and nontarget stimuli are highly significant.

There are a few plausible explanations as to why the gamma response does not
allow for discrimination between stimuli in ASD. It is well known that ASD is asso-
ciated with amplified responses to incoming sensory information. Studies suggest
that the neural systems of individuals with ASD are over-activated (Belmonte et al.
2004a, b) and there is a lack of cortical inhibitory tone (Casanova et al. 2002a, b,
2006a; Rubenstein and Merzenich 2003). In a network that is over-activated and
“noisy,” local cortical connectivity may be enhanced at the expense of long-range
cortical connections, and individuals with ASD may have difficulty directing atten-
tion. It may not be possible for them to selectively activate specific perceptual sys-
tems based on the relevance of a stimulus (i.e., target vs. nontarget).
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Our previous findings investigating ERP during a visual novelty processing task
further support the idea of difficulty discriminating task-relevant from irrelevant
stimuli in ASD (Sokhadze et al. 2009b). Briefly, we found that subjects with ASD
showed a lack of stimulus discrimination between target and nontarget stimuli com-
pared to controls, and this was mainly due to significantly prolonged and augmented
ERP components to irrelevant distracter stimuli over frontal and parietal recording
sites. Early ERP components (e.g., P100, N100) were especially increased to irrel-
evant distracter stimuli in the ASD group indicating augmented responses at early
stages of visual processing (i.e., ~100 ms). Early gamma components (i.e., evoked)
are measured at the same time over the same cortical regions as these early ERP
components. The very early burst of gamma activity between 80 and 120 ms found
by Brown et al. (2005) and our findings of augmented evoked gamma (Sokhadze
et al. 2009a) and early ERP responses (Sokhadze et al. 2009b) to task-irrelevant
stimuli support the idea of disturbances in the activation task-relevant neuronal
assemblies and the perceptual control of attention in ASD. Although we found sig-
nificant group differences in relative evoked gamma power in processing relevant
and irrelevant visual stimuli in this study, it is important to mention why we did not
find significantly amplified relative evoked gamma power in the ASD group com-
pared to controls. We attribute this to the fact that relative gamma-band power is
calculated in reference to the entire EEG spectrum, and in ASD it has previously
been shown that other frequency ranges are augmented as well (Dawson et al. 1995;
Stroganova et al. 2007).

5.5 Language and Gamma Power and Coherence

Understanding of language requires integration of input of the different parts of
information that are processed in different brain areas. It has been suggested that
binding between different distributed parts of language processing neural network
is implemented by synchronization and desynchronization of oscillatory neural
activity (Singer 1999; Weiss and Miiller 2003; Hald et al. 2006). Analysis of event-
related changes in either power or phase coherence of EEG oscillations provides a
window onto the processes of synchronization and desynchronization of neuronal
populations (Tallon-Baudry and Bertrand 1999; Varela et al. 2001). Increased power
and higher phase coherence between EEG recording sites is thought to reflect syn-
chrony of activation and higher spatial co-activation of distributed neural systems
that may reflect the transient formation of functional networks involved in language
processing (Varela et al. 2001; Bastiaansen and Hagoort 2003; Penolazzi et al.
2009). For a proper analysis of oscillatory dynamics, one of the most analytic tools
used is wavelet-based time-frequency analysis to quantify amplitude/power changes
and/or event-related coherence analysis for quantifying changes in phase coherence
between EEG electrodes or between dipole sources (Hoechstetter et al. 2004).
Recent studies employing such techniques have clearly demonstrated that synchro-
nous oscillations have functional significance during the execution of tasks
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engaging a variety of cognitive operations, such as memory encoding and retrieval
(Fell et al. 2001; Burgess and Ali 2002), working memory (Kahana et al. 1999;
Jensen and Tesche 2002), face perception (Rodriguez et al. 1999), object detection
(Tallon-Baudry and Bertrand 1999), and attentional processes (Klimesch 1999;
Bastiaansen and Brunia 2001; Fries et al. 2001).

Recently, such studies are also being performed in the domain of language com-
prehension (Weiss and Rappelsberger 1996, 2000; Pulvermiiller et al. 1999; Weiss
et al. 2001; Bastiaansen et al. 2002a, b, 2005; Schack et al. 2003; Weiss and Miiller
2003). Still, relatively little is known about synchronous oscillations and their pos-
sible functions during language comprehension. During the speech comprehension,
different parts of the language processing system, such as auditory perception, pho-
nological, morphological, syntactic, semantic, pragmatic, and prosodic analyses,
have to be integrated in order to understand the meaning of the spoken sentences
and to initiate appropriate response behavior. Large-scale synchronization seems
particularly important with respect to distributed neuronal assemblies, which have
to be integrated during complex cognitive processing (Bressler and Kelso 2001;
Varela et al. 2001; Herrmann et al. 2004) and especially during language processing
(Weiss and Rappelsberger 1996; Petsche and Etlinger 1998). In a study by Benasich
et al. (2008), EEG gamma power was associated with attention measures in infants.
A group of children with a family history of language impairment and thus at higher
risk for language disorders showed consistently lower gamma over frontal regions
than the well-matched controls with no such family history. The authors suggested
that the emergence of high-frequency neural synchrony may be critical for cognitive
and linguistic development, and children at risk for language impairments may lag
in this process (Benasich et al. 2008). Further systematic studies on EEG coherence
and language will elucidate and clarify the meaning and interpretation of previous
findings linking EEG gamma and language.

5.6 Conclusions

Recently, there were several attempts at deriving an overarching metatheory of
autism that have focused on a basic abnormality of neural connectivity (Belmonte
etal. 2004a, b). This model is empirically based on lack of coordinated brain activity
and abnormal “binding” in the brains of autistic patients that can be detected with
EEG methodology, specifically using gamma oscillations (Brock et al. 2002; Brown
2005; Rippon et al. 2007). According to Baron-Cohen and Belmonte (2005), the
combination of local sensory hyperarousal and low-level over-processing of incom-
ing sensory stimuli concurrent with abnormalities of attention selectivity and focus
may be a consequence of the over-connected low-level processing neural networks
in ASDs. In such over-wired networks, signal is insufficiently differentiated from
noise or task-irrelevant information, and as a result, information capacity is drasti-
cally reduced (Rubenstein and Merzenich 2003; Belmonte et al. 2004a, b; Casanova
2006). Higher-than-normal noise in cortical processes also affects normal
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development of differentiated representations, because cortical response selectivity
in space and time is a product of balanced inhibitory and excitatory processes. Such
overrepresentation by non-differentiated systems could plausibly account, for exam-
ple, for the strong aversive reactions to auditory, tactile, and visual stimuli that are
commonly recorded in autistic individuals. The abnormal long-range neural con-
nectivity model is suggested to explain deficits in high-level complex information
processing functions where rapid and integrated operation of many separate neural
systems is required (Minshew et al. 1997; Welchew et al. 2005). In the autistic brain,
high local connectivity may develop along with deficient long-range connectivity.

In recent years, neuropathological studies of autism have revealed abnormalities
in several brain regions. Changes in brain size with widespread increases in both
gray and white matter volumes suggest that the underlying pathology in autism
consists of widely distributed histological abnormalities. The available neuropatho-
logical and structural imaging data suggest that autism is the result of a develop-
mental lesion capable of affecting normal brain growth. One possible explanation
for this is the recent finding of minicolumnar abnormalities in autism, in particular
demonstration of minicolumns of reduced size and increased number in the autistic
brain (Casanova et al. 2002a, b, 2006a, b). The increased number of minicolumns
reported in autism suggests a possible disruption during the earlier stages of neuro-
development in the brain of an autistic patient. Furthermore, a minicolumnar abnor-
mality may translate difficulties in the integration of information into a delay in
language acquisition. In all, minicolumnar abnormalities may incapacitate a patient
as a social being by distorting elements of the child’s biopsychological experience.

The modular arrangement of the cortex is based on the cell minicolumn: a self-
contained ecosystem of neurons and their afferent, efferent, and interneuronal con-
nections (Mountcastle 2003). Our preliminary studies indicate that minicolumns in
the brains of autistic patients are narrower, with an altered internal organization
(Casanova 2006). More specifically, their minicolumns reveal less space for inhibi-
tory local circuit projections. A defect in these GABAergic fibers may correlate
with the increased prevalence of seizures among autistic patients. Based on the
descriptions given thus far, it is possible to propose a disruption of the normal bal-
ance between excitation and inhibition in the columnar organization of autistic
patients. In this regard, a series of noteworthy studies report that both children and
adults with autism were superior to a control group in their ability to discriminate
novel, highly similar stimuli (Plaisted et al. 2003). Autistic children also have a
superior ability in discriminating display items in visual search tasks; such enhanced
discrimination in autism results from low-level perceptual processing of incoming
stimuli, and this is called the bottom-up approach.

Analysis of high-frequency EEG oscillations in patients with autism may pro-
vide additional information about potential neural deficits in autism. Abnormalities
in these mechanisms have been associated with binding problems (the co-activation
of neural assemblies), which may be present in both autism and schizophrenia
(Grice et al. 2001; Brock et al. 2002). Oscillatory activity in the gamma band of the
EEG has been related to Gestalt perception and to cognitive functions such as atten-
tion, learning, and memory (Kaiser 2003). Electrophysiological studies show strong
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evidence that synchronized cortical activity in the gamma-frequency range could be
a correlate of feature binding to form a single coherent percept. Binding of widely
distributed cell assemblies by synchronization of their gamma-frequency activity is
thought to underlie cohesive stimulus representation in the human brain (Kahana
2006). According to this assumption, changes in gamma EEG activity have been
considered indicators of processing of Gestalt-like patterns (von Stein et al. 1999;
Herrmann and Mecklinger 2000, 2001).

The “weak central coherence” (Frith and Happé 1994) in autism could result
from a reduction in the integration of specialized local networks in the brain caused
by a deficit in temporal binding (Brock et al. 2002). Visual and auditory perception
anomalies may be attributed to a reduced coherence and synchrony of gamma activ-
ity between networks processing local features and thus explain some of the lan-
guage deficits, executive dysfunctions, and other impairments in social
communication in autism. The inability to reduce gamma activity according to
Brown (2005) would lead to the inability to decide which event requires attention
when there are multiple choices. Excessive gamma can therefore be linked to a
reduction in the ability to focus attention. The “temporal binding deficit” hypothesis
of autism (Brock et al. 2002; Rippon et al. 2007) suggests that many features of
autism, such as superiority in processing detail (local processing) and disadvantages
in global processing, can be explained by a failure of binding between cortical areas.
Analysis of evoked and induced EEG gamma oscillation can therefore significantly
contribute to understanding the neurobiological nature of core autism symptoms
and definitely warrant further rigorous investigations.

References

Baron-Cohen S, Belmonte MK (2005) Autism: a window onto the development of the social and
the analytic brain. Annu Rev Neurosci 28:109-126

Baruth JM, Casanova MF, El-Baz AS, Horrell T, Mathai G, Sears L, Sokhadze EM (2010) Low-
frequency repetitive transcranial magnetic stimulation modulates evoked-gamma frequency
oscillations in autism spectrum disorder. J Neurother 14:179-194

Baruth JM, Williams EL, Sokhadze EM, El-Baz AS, Casanova MF (2011) Beneficial effects of
repetitive transcranial magnetic stimulation (rTMS) on behavioral outcome measures in autism
spectrum disorder. Autism Sci Dig 1:52-57

Basar E, Schiirmann M, Basar-Eroglu C, Demiralp T (2001) Selectively distributed gamma band
system of the brain. Int J Psychophysiol 39:129-135

Bastiaansen MCM, Brunia CHM (2001) Anticipatory attention: an event-related desynchroniza-
tion approach. Int J Psychophysiol 43:91-107

Bastiaansen MCM, Hagoort P (2003) Event-induced theta responses as a window on the dynamics
of memory. Cortex 39:967-992

Bastiaansen MCM, van Berkum JJA, Hagoort P (2002a) Event-related theta power increases in the
human EEG during online sentence processing. Neurosci Lett 323:13-16

Bastiaansen MCM, van Berkum JJA, Hagoort P (2002b) Syntactic Processing Modulates the 0
Rhythm of the Human EEG. Neuroimage 17:1479-1492

Bastiaansen MCM, van der Linden M, ter Keurs M, Dijkstra T, Hagoort P (2005) Theta responses are
involved in lexical-semantic retrieval during language processing. J Cogn Neurosci 17:530-541



100 M.F. Casanova et al.

Belmonte MK, Yurgelun-Todd DA (2003a) Functional anatomy of impaired selective attention and
compensatory processing in autism. Cogn Brain Res 17:651-664

Belmonte MK, Yurgelun-Todd D (2003b) Anatomic dissociation of selective and suppressive pro-
cesses in visual attention. Neuroimage 19:180—189

Belmonte MK, Allen G, Beckel-Mitchener A, Boulanger LM, Carper RA, Webb SJ (2004a)
Autism and abnormal development of brain connectivity. J Neurosci 24:9228-9231

Belmonte MK, Cook EH, Anderson GM, Rubenstein JLR, Greenough WT, Beckel-Mitchener A,
Courchesne E, Boulanger LM, Powell SB, Levitt PR, Perry EK, Y-h J, DeLorey TM, Tierney
E (2004b) Autism as a disorder of neural information processing: directions for research and
targets for therapy. Mol Psychiatry 9:646-663

Benasich AA, Gou Z, Choudhury N, Harris KD (2008) Early cognitive and language skills are
linked to resting frontal gamma power across the first 3 years. Behav Brain Res 195:215-222

Bertrand O, Tallon-Baudry C (2000) Oscillatory gamma activity in humans: a possible role for
object representation. Int J Psychophysiol 38:211-223

Bottger D, Herrmann CS, von Cramon DY (2002) Amplitude differences of evoked alpha and
gamma oscillations in two different age groups. Int J Psychophysiol 45:245-251

Bressler SL, Kelso JAS (2001) Cortical coordination dynamics and cognition. Trends Cogn Sci
5:26-36

Brock J, Brown CC, Boucher J, Rippon G (2002) The temporal binding deficit hypothesis of
autism. Dev Psychopathol 14:209-224

Brown CC (2005) EEG in autism: is there just too much going on in there? In: Casanova MF (ed)
Recent developments in autism research. Nova Biomedical, New York, pp 109-126

Brown CC, Gruber T, Boucher J, Rippon G, Brock J (2005) Gamma abnormalities during percep-
tion of illusory figures in autism. Cortex 41:364-376

Burgess AP, Ali L (2002) Functional connectivity of gamma EEG activity is modulated at low
frequency during conscious recollection. Int J Psychophysiol 46:91-100

Casanova MF (2006) Neuropathological and genetic findings in autism: the significance of a puta-
tive minicolumnopathy. Neuroscientist 12:435-441

Casanova MF, Buxhoeveden DP, Brown C (2002a) Clinical and macroscopic correlates of minico-
lumnar pathology in autism. J Child Neurol 17:692-695

Casanova MF, Buxhoeveden DP, Switala AE, Roy E (2002b) Minicolumnar pathology in autism.
Neurology 58:428-432

Casanova MF, Buxhoeveden DP, Switala AE, Roy E (2002c) Neuronal density and architecture
(Gray Level Index) in the brains of autistic patients. J Child Neurol 17:515-521

Casanova MF, Buxhoeveden DP, Gomez J (2003) Disruption in the inhibitory architecture of the
cell minicolumn: implications for autism. Neuroscientist 9:496-507

Casanova MF, Van Kooten IAJ, Switala AE, Van Engeland H, Heinsen H, Steinbusch HWM, Hof
PR, Schmitz C (2006a) Abnormalities of cortical minicolumnar organization in the prefrontal
lobes of autistic patients. Clin Neurosci Res 6:127-133

Casanova MF, Van Kooten IAJ, Switala AE, Van Engeland H, Heinsen H, Steinbusch HWM, Hof
PR, Trippe J, Stone J, Schmitz C (2006b) Minicolumnar abnormalities in autism. Acta
Neuropathol 112:287-303

Casanova MF, Trippe J, Tillquist C, Switala AE (2009) Morphometric variability of minicolumns in
the striate cortex of Homo sapiens, Macaca mulatta, and Pan troglodytes. J Anat 214:226-234

Casanova MF, El-Baz AS, Vanbogaert E, Narahari P, Switala A (2010) A topographic study of
minicolumnar core width by lamina comparison between autistic subjects and controls: possi-
ble minicolumnar disruption due to an anatomical element in-common to multiple laminae.
Brain Pathol 20:451-458

Casanova MF, Baruth JM, El-Baz AS, Tasman A, Sears L, Sokhadze EM (2012) Repetitive tran-
scranial magnetic stimulation (RTMS) modulates event-related potential (ERP) indices of
attention in autism. Transl Neurosci 3:170-180

Dawson G, Klinger LG, Panagiotides H, Lewy A, Castelloe P (1995) Subgroups of autistic chil-
dren based on social behavior display distinct patterns of brain activity. J Abnorm Child
Psychol 23:569-583



5 Evoked and Induced Gamma-Frequency Oscillations in Autism 101

Donner TH, Siegel M (2011) A framework for local cortical oscillation patterns. Trends Cogn Sci
15:191-199

Fell J, Klaver P, Lehnertz K, Grunwald T, Schaller C, Elger CE, Ferndandez G (2001) Human
memory formation is accompanied by rhinal-hippocampal coupling and decoupling. Nat
Neurosci 4:1259-1264

Fell J, Fernandez G, Klaver P, Elger CE, Fries P (2003) Is synchronized neuronal gamma activity
relevant for selective attention? Brain Res Rev 42:265-272

Fries P, Reynolds JH, Rorie AE, Desimone R (2001) Modulation of oscillatory neuronal synchro-
nization by selective visual attention. Science 291:1560-1563

Frith U, Happé F (1994) Autism: beyond “theory of mind”. Cognition 50:115-132

Grice SJ, Spratling MW, Karmiloff-Smith A, Halit H, Csibra G, de Haan M, Johnson MH (2001)
Disordered visual processing and oscillatory brain activity in autism and Williams syndrome.
Neuroreport 12:2697-2700

Grothe B, Klump GM (2000) Temporal processing in sensory systems. Curr Opin Neurobiol
10:467-473

Gruber T, Keil A, Miiller MM (2001) Modulation of induced gamma band responses and phase
synchrony in a paired associate learning task in the human EEG. Neurosci Lett 316:29-32

Hald LA, Bastiaansen MCM, Hagoort P (2006) EEG theta and gamma responses to semantic vio-
lations in online sentence processing. Brain Lang 96:90-105

Happé F, Frith U (2006) The weak coherence account: detail-focused cognitive style in autism
spectrum disorders. J Autism Dev Disord 36:5-25

Herrmann CS, Demiralp T (2005) Human EEG gamma oscillations in neuropsychiatric disorders.
Clin Neurophysiol 116:2719-2733

Herrmann CS, Knight RT (2001) Mechanisms of human attention: event-related potentials and
oscillations. Neurosci Biobehav Rev 25:465-476

Herrmann CS, Mecklinger A (2000) Magnetoencephalographic responses to illusory figures: early
evoked gamma is affected by processing of stimulus features. Int J Psychophysiol
38:265-281

Herrmann CS, Mecklinger A (2001) Gamma activity in human EEG is related to highspeed mem-
ory comparisons during object selective attention. Vis Cogn 8:593-608

Herrmann CS, Mecklinger A, Pfeifer E (1999) Gamma responses and ERPs in a visual classifica-
tion task. Clin Neurophysiol 110:636-642

Herrmann CS, Munk MHJ, Engel AK (2004) Cognitive functions of gamma-band activity: mem-
ory match and utilization. Trends Cogn Sci 8:347-355

Hoechstetter K, Bornfleth H, Weckesser D, Ille N, Berg P, Scherg M (2004) BESA source coher-
ence: a new method to study cortical oscillatory coupling. Brain Topogr 16:233-238

Jensen O, Tesche CD (2002) Frontal theta activity in humans increases with memory load in a
working memory task. Eur J Neurosci 15:1395-1399

Jensen O, Kaiser J, Lachaux J-P (2007) Human gamma-frequency oscillations associated with
attention and memory. Trends Neurosci 30:317-324

Kahana MJ (2006) The cognitive correlates of human brain oscillations. J Neurosci 26:
1669-1672

Kahana MJ, Sekuler R, Caplan JB, Kirschen M, Madsen JR (1999) Human theta oscillations
exhibit task dependence during virtual maze navigation. Nature 399:781-784

Kaiser J (2003) Induced gamma-band activity and human brain function. Neuroscientist 9:
475-484

Kanizsa G (1976) Subjective contours. Sci Am 234:48-52

Keil A, Miiller MM, Ray WJ, Gruber T, Elbert T (1999) Human gamma band activity and percep-
tion of a Gestalt. J Neurosci 19:7152-7161

Keil A, Gruber T, Miiller MM (2001) Functional correlates of macroscopic high-frequency brain
activity in the human visual system. Neurosci Biobehav Rev 25:527-534

Kemner C, Verbaten MN, Cuperus JM, Camfferman G, van Engeland H (1994) Visual and somato-
sensory event-related brain potentials in autistic children and three different control groups.
Electroencephalogr Clin Neurophysiol 92:225-237



102 M.F. Casanova et al.

Klimesch W (1999) EEG alpha and theta oscillations reflect cognitive and memory performance:
areview and analysis. Brain Res Rev 29:169-195

Makeig S, Debener S, Onton J, Delorme A (2004) Mining event-related brain dynamics. Trends
Cogn Sci 8:204-210

Mann EO, Paulsen O (2007) Role of GABAergic inhibition in hippocampal network oscillations.
Trends Neurosci 30:343-349

Minshew NJ, Goldstein G, Siegel DJ (1997) Neuropsychologic functioning in autism: profile of a
complex information processing disorder. J Int Neuropsychol Soc 3:303-316

Morgan B, Maybery M, Durkin K (2003) Weak central coherence, poor joint attention, and low
verbal ability: independent deficits in early autism. Dev Psychol 39:646-656

Mottron L, Burack JA, Iarocci G, Belleville S, Enns JT (2003) Locally oriented perception with
intact global processing among adolescents with high-functioning autism: evidence from mul-
tiple paradigms. J Child Psychol Psychiatry 44:904-913

Mountcastle VB (2003) Introduction: computation in cortical columns. Cereb Cortex 13:2—4

Miiller MM, Gruber T (2001) Induced gamma-band responses in the human EEG are related to
attentional information processing. Vis Cogn 8:579-592

Miiller MM, Bosch J, Elbert T, Kreiter AK, Valdés Sosa MJ, Valdés Sosa PA, Rockstroh B (1996)
Visually induced gamma-band responses in human electroencephalographic activity —a link to
animal studies. Exp Brain Res 112:96-102

Miiller MM, Gruber T, Keil A (2000) Modulation of induced gamma band activity in the human
EEG by attention and visual information processing. Int J Psychophysiol 38:283-299

Murias M, Webb SJ, Greenson J, Dawson G (2007) Resting state cortical connectivity reflected in
EEG coherence in individuals with autism. Biol Psychiatry 62:270-273

Nakatani C, Ito J, Nikolaev AR, Gong P, van Leeuwen C (2005) Phase synchronization analysis of
EEG during attentional blink. J] Cogn Neurosci 17:1969-1979

Pavlova M, Birbaumer N, Sokolov A (2006) Attentional modulation of cortical neuromagnetic
gamma response to biological movement. Cereb Cortex 16:321-327

Penolazzi B, Angrilli A, Job R (2009) Gamma EEG activity induced by semantic violation during
sentence reading. Neurosci Lett 465:74-78

Petsche H, Etlinger SC (1998) EEG and thinking: power and coherence analysis of cognitive pro-
cesses. Verlag der Osterreichischen Akademie der Wissenschaften, Wien

Pfurtscheller G, Aranibar A (1977) Event-related cortical desynchronization detected by power
measurements of scalp EEG. Electroencephalogr Clin Neurophysiol 42:817-826

Pfurtscheller G, Lopes da Silva FH (1999) Event-related EEG/MEG synchronization and desyn-
chronization: basic principles. Clin Neurophysiol 110:1842-1857

Plaisted K, Saksida L, Alcdntara J, Weisblatt E (2003) Towards an understanding of the mecha-
nisms of weak central coherence effects: experiments in visual configural learning and auditory
perception. Philos Trans R Soc Lond B Biol Sci 358:375-386

Pulvermiiller F, Lutzenberger W, Preissl H (1999) Nouns and verbs in the intact brain: evidence
from event-related potentials and high-frequency cortical responses. Cereb Cortex 9:497-506

Rippon G, Brock J, Brown CC, Boucher J (2007) Disordered connectivity in the autistic brain:
challenges for the ‘new psychophysiology’. Int J Psychophysiol 63:164—172

Rodriguez E, George N, Lachaux J-P, Martinerie J, Renault B, Varela FJ (1999) Perception’s
shadow: long-distance synchronization of human brain activity. Nature 397:430-433

Rubenstein JLR, Merzenich MM (2003) Model of autism: increased ratio of excitation/inhibition
in key neural systems. Genes Brain Behav 2:255-267

Schack B, Weiss S, Rappelsberger P (2003) Cerebral information transfer during word processing:
where and when does it occur and how fast is it? Hum Brain Mapp 19:18-36

Shibata T, Shimoyama I, Ito T, Abla D, Iwasa H, Koseki K, Yamanouchi N, Sato T, Nakajima Y
(1999) Attention changes the peak latency of the visual gamma-band oscillation of the EEG.
Neuroreport 10:1167-1170

Singer W (1999) Neural synchrony: a versatile code for the definition of relations? Neuron 24:49-65

Singer W, Gray CM (1995) Visual feature integration and the temporal correlation hypothesis.
Annu Rev Neurosci 18:555-586



5 Evoked and Induced Gamma-Frequency Oscillations in Autism 103

Sohal VS (2012) Insights into cortical oscillations arising from optogenetic studies. Biol Psychiatry
71:1039-1045

Sokhadze EM, El-Baz AS, Baruth J, Mathai G, Sears L, Casanova MF (2009a) Effects of low-
frequency repetitive transcranial magnetic stimulation (rTMS) on gamma frequency oscilla-
tions and event-related potentials during processing of illusory figures in autism. J Autism Dev
Disord 39:619-634

Sokhadze EM, Baruth JM, Tasman A, Sears L, Mathai G, El-Baz AS, Casanova MF (2009b)
Event-related potential study of novelty processing abnormalities in autism. Appl Psychophysiol
Biofeedback 34:37-51

Stroganova TA, Nygren G, Tsetlin MM, Posikera IN, Gillberg C, Elam M, Orekhova EV (2007)
Abnormal EEG lateralization in boys with autism. Clin Neurophysiol 118:1842-1854

Szentdgothai J, Arbib MA (1975) Conceptual models of neural organization. MIT Press,
Cambridge, MA

Tallon-Baudry C (2003) Oscillatory synchrony and human visual cognition. J Physiol Paris
97:355-363

Tallon-Baudry C, Bertrand O (1999) Oscillatory gamma activity in humans and its role in object
representation. Trends Cogn Sci 3:151-162

Tallon-Baudry C, Bertrand O, Delpuech C, Pernier J (1996) Stimulus specificity of phase-locked
and non-phase-locked 40 Hz visual responses in human. J Neurosci 16:4240-4249

Tallon-Baudry C, Bertrand O, Peronnet F, Pernier J (1998) Induced y-band activity during the
delay of a visual short-term memory task in humans. J Neurosci 18:4244-4254

Tallon-Baudry C, Bertrand O, Hénaff M-A, Isnard J, Fischer C (2005) Attention modulates
gamma-band oscillations differently in the human lateral occipital cortex and fusiform gyrus.
Cereb Cortex 15:654-662

Varela FJ, Lachaux J-P, Rodriguez E, Martinerie J (2001) The brainweb: phase synchronization
and large-scale integration. Nat Rev Neurosci 2:229-239

von Stein A, Rappelsberger P, Sarnthein J, Petsche H (1999) Synchronization between temporal
and parietal cortex during multimodal object processing in man. Cereb Cortex 9:137-150

Ward LM (2003) Synchronous neural oscillations and cognitive processes. Trends Cogn Sci
7:553-559

Weiss S, Miiller HM (2003) The contribution of EEG coherence to the investigation of language.
Brain Lang 85:325-343

Weiss S, Rappelsberger P (1996) EEG coherence within the 13—18 Hz band as a correlate of a dis-
tinct lexical organisation of concrete and abstract nouns in humans. Neurosci Lett 209:17-20

Weiss S, Rappelsberger P (2000) Long-range EEG synchronization during word encoding corre-
lates with successful memory performance. Cogn Brain Res 9:299-312

Weiss S, Miiller HM, King JW, Kutas M, Rappelsberger P (2001) EEG-coherence analysis of natu-
rally spoken English relative clauses. Brain Topogr 13:317

Welchew DE, Ashwin C, Berkouk K, Salvador R, Suckling J, Baron-Cohen S, Bullmore E (2005)
Functional disconnectivity of the medial temporal lobe in Asperger’s syndrome. Biol Psychiatry
57:991-998

Whittington MA, Traub RD, Kopell N, Ermentrout GB, Buhl EH (2000) Inhibition-based rhythms:
experimental and mathematical observations on network dynamics. Int J Psychophysiol
38:315-336



104 M.F. Casanova et al.

Biography

Manuel F. Casanova is a board-certified neurologist trained in clinical electroen-
cephalography and evoked response potentials. His research focus is autism spectrum
disorders. Dr. Casanova is an endowed chair professor and is the associate chair for
research in the Department of Psychiatry and Behavioral Sciences at the University
of Louisville. He has over 20 years of experience in the neurosciences. During the
last 5 years, he has published 43 refereed articles, edited 3 books, wrote 4 letters to
the editor, and has completed 74 congressional presentations worldwide. He is one of
the founders of the Autism Center at the University of Louisville. He was principal
investigator on several federal grants, and now he is a PI on an NIH Eureka grant
aimed at the application of TMS in autism.

Joshua Baruth graduated from the Department of Anatomical Sciences and
Neurobiology at the University of Louisville School of Medicine. Joshua’s research
has focused primarily on the treatment of autism spectrum disorders with transcra-
nial magnetic stimulation. He received his B.A. in classical languages and pre-
medicine from the University of Kansas in 2005 and his master’s degree in
anatomical sciences and neurobiology from the University of Louisville in 2009 and
his PhD in 2010. He is currently at Mayo Clinic in Minnesota as a postdoc fellow.



5 Evoked and Induced Gamma-Frequency Oscillations in Autism 105

Ayman S. El-Baz, Ph.D., is an Associate Professor in the Department of
Bioengineering at the University of Louisville, KY. Dr. El-Baz has twelve years of
hands-on experience in the fields of bioimaging modeling and computer-assisted
diagnostic systems. He has developed new techniques for analyzing 3D medical
images. His work has been reported at several prestigious international conferences
(e.g., CVPR, ICCV, MICCALI, etc.) and in journals (e.g., IEEE TIP, IEEE TBME,
IEEE TITB, Brain, etc.). His work related to novel image analysis techniques for
lung cancer and autism diagnosis have earned him multiple awards, including: first
place at the annual Research Louisville 2002, 2005, 2006, 2007, 2008, 2010, 2011
and 2012 meetings, and the “Best Paper Award in Medical Image Processing” from
the prestigious ICGST International Conference on Graphics, Vision and Image
Processing (GVIP-2005). Dr. El-Baz has authored or coauthored more than 300
technical articles.

Guela E. Sokhadze, B.S., is graduate student at the Department of Anatomical
Sciences and Neurobiology at University of Louisville. He graduated from
University of Louisville in 2011 with Major in Psychology and Brain Sciences.



106 M.F. Casanova et al.

Marie Hensley is from Louisville, KY, and currently attends the University of
Louisville Speed School of Engineering. She is in her fourth year and plans to com-
plete both a bachelor’s degree and a master’s degree in bioengineering. As a volunteer
at the Cognitive Neuroscience Lab, she has had the opportunity to work on research
projects related to autism and has learned much about imaging and data analysis.

Estate M. Sokhadze received a Ph.D. in human physiology in 1988 (Novosibirsk,
Russia). He completed a postdoctoral fellowship in psychopharmacology at Wake
Forest University in 2001-2003 and postdoctoral training in cognitive neuroscience
at Rice University in 2004. Currently, Dr. Sokhadze is an associate professor of
Psychiatry and Behavioral Sciences at the University of Louisville and is a director of
the Evoked Potential Lab at Cognitive Neuroscience Labs. His research interests
include application of dense-array EEG/ERP brain mapping, neurofeedback, TMS,
and other applied psychophysiological techniques in psychiatric research. Specific
psychopathology areas of interest are substance abuse, PTSD, autism, ADHD, con-
version disorder, bipolar disorder, and comorbid mental conditions. He has more than
25 years of experience in applied psychophysiology and clinical neurosciences.



	Chapter 5: Evoked and Induced Gamma-Frequency Oscillations in Autism
	5.1 Minicolumnar Neuropathology Model of Autism and EEG Gamma
	5.2 Functional Significance of Gamma Oscillations
	5.3 Abnormalities of Gamma Activity in Autism
	5.4 Investigation of Evoked and Induced Gamma Responses in Autism
	5.5 Language and Gamma Power and Coherence
	5.6 Conclusions
	References


