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EARLY-STAGE VISUAL
PROCESSING ABNORMALITIES
IN HIGH-FUNCTIONING AUTISM
SPECTRUM DISORDER (ASD)

Abstract
It has been reported that individuals with autism spectrum disorder (ASD) have abnormal responses to the
sensory environment. For these individuals sensory overload can impair functioning, raise physiological
stress, and adversely affect social interaction. Early-stage (i.e. within 200 ms of stimulus onset) auditory
processing abnormalities have been widely examined in ASD using event-related potentials (ERP), while
ERP studies investigating early-stage visual processing in ASD are less frequent. We wanted to test the
hypothesis of early-stage visual processing abnormalities in ASD by investigating ERPs elicited in a visual
oddball task using illusory figures. Our results indicate that individuals with ASD have abnormally large
cortical responses to task irrelevant stimuli over both parieto-occipital and frontal regions-of-interest
(ROI) during early stages of visual processing compared to the control group. Furthermore, ASD patients
showed signs of an overall disruption in stimulus discrimination, and had a significantly higher rate of
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1. Introduction

Autism  Spectrum Disorder (ASD) includes

three conditions sharing a similar core
symptomatology: Autism, Asperger syndrome,
and Pervasive Developmental Disorder Not
(PDD-NOS). ASD is

characterized by severe disturbances in reciprocal

Otherwise  Specified
social relations, varying degrees of language
and communication difficulty, and restricted,
repetitive and stereotyped behavioral patterns
[1]. It has also been suggested that individuals
with ASD have sensory abnormalities indicated by
hypersensitivity and an extraordinary interest in
certain sensations [2]. In fact, it has been proposed
that
present in approximately 90% of individuals with

sensory-perceptual  abnormalities are
autism [3]. An avoidance of external stimulation
in ASD may be due to altered inhibitory control
of sensory intake [4], and for these individuals
sensory overload can impair functioning, raise
physiological stress, and adversely affect social
interaction [5].
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Event-related potentials (ERP) provide a
unique method of characterizing the magnitude
and time course of brain activity associated
with both auditory and visual perception. ERPs
represent transient changes in the electrical
activity of the brain in response to a given
stimulus or event [6] and consist of component
waveforms spanning from as early as 50 ms post-
stimulus to up to 600-1000 ms post-stimulus.
For example, in the components N100 and
P200 the letter indicates the polarity and the
number indicates the period after onset of the
stimulus, i.e. 100 is in the 100-200 ms period
(or earlier) and 200 is in the 200-300 ms period
[7,8]. Generally components in the first 50-
200 ms are considered early, exogenous field
potentials reflecting ‘pre-attentive’ processes
and the processing of physical attributes of
a stimulus [9,10] while those after 200 ms
represent endogenous field potentials reflecting
polymodal associative processing and later-
stage attentional processes (e.g. sustained
attention, perceptual closure) [11-13].
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Auditory processing abnormalities have
been widely examined in ASD using ERPs (see
[14] for review). Briefly, individuals with ASD
have been shown to have normal brainstem
auditory evoked potentials (AEPs) [15,16].
However, the most consistently reported
auditory ERP abnormality is attenuated
amplitude of the centroparietal P300 in
various auditory stimulus presentation
paradigms in ASD patients of all ages [17].
Also, the short-latency fronto-central N100
has reliably been found to be attenuated
in amplitude and latency during tasks
involving target detection and tones of
intensity [18-21].

mismatch

varying frequency and
Furthermore, the negativity
(MMN), a large negative deflection occurring
when frequent stimuli are subtracted from
infrequent stimuli, has commonly been
found to be prolonged in latency in response
to pitch deviants [22-24].

ERP studies investigating early-stage visual

processing in ASD are less frequent (see [6]
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for review) especially in comparison to other
psychopathologies like schizophrenia [25-29].
ERP studies of visual processing commonly
employ an‘oddball’ discrimination task in which
the participant responds to an infrequent
target stimulus among more frequent non-
target stimuli [30]. Most investigations into
visual processing in ASD have focused on
higher-level, long-latency ERPs, like the P300
[31-39]. In brief centroparietal P300 amplitude
has been found to be similar [31-33,38,39]
reduced [34,37] and augmented [36] in ASD
patients to target stimuli compared to controls.
Remarkably to our knowledge there have only
been two studies reporting on short-latency
(i.e.,, 50-200 ms) visual ERPs in ASD and one
was by our group [40]; Courchesne et al. [32]
included the N100 and P200 among later
components in their analysis.

Visual processing is based on a core system
consisting of occipito-temporal regions in
extrastriate visual cortex [41] although parietal
[42] and frontal [43] regions also play a role in
directing visual attention. The earliest electrical
sign of cortical activity observed in humans
(commonly referred to the P100) during visual
tasks [44] can occur as early as 50 ms post
stimulus [45] to as late as 160 ms depending on
topography and visual task and reflects early
categorization and recognition processes [46].
The visual P100 likely has posterior generators
in the primary visual cortex, extrastriate areas
[29] and fusiform gyrus [47], while the anterior
P100 likely reflects the activation of frontal
generators [43]. The P100 may reflect early
sensory processing of attended stimuli [41] and
is generally larger to attended visual stimuli
thus giving evidence of orientated attention
[48]. We will refer to this early visual component
as P50 instead of P100 due to the peak latency
after stimulus onset (i.e, 40-90 ms post-
stimulus over parieto-occipital sites and 40-100
ms post-stimulus over frontal sites).

The visual N100 directly follows the P100
and is similarly considered an index of stimulus
discrimination [49,50]. The N100 is generally
defined within a time window starting as early
as 70 ms post stimulus onset [32] to as late as
180 ms post stimulus onset [29]. Over posterior
electrode sites the visual N100 is probably
generated by dipoles in lateral extrastriate

cortex [51] with a contribution from parieto-
occipital and occipito-temporal areas [49,52];
while the visual N100 over frontal electrode sites
most likely is reflective of frontal generators
[43]. The visual N100 generally is augmented
during attentional stimulus processing, which
is also know as the ‘N1-effect’[53], and is larger
towards task-relevant target stimuli [7,48].

The visual P200 over frontal electrode sites
is generally found in a latency range of 180-
320 ms poststimulus and has been reported
in working memory and attention tasks.
Kenemans, Kok, & Smulders [54] described this
frontal positivity as a component that indexes
the hierarchical selection of task-relevant
features for further processing. Over inferior
frontal recording sites source localization
places dipoles of this component in the
orbito-frontal cortex [55,56]. The visual P200
over posterior regions has been less studied
but likely is associated with generators in the
primary visual cortex and extrastriate areas
reflecting visual categorization processes.

The present study was designed to evaluate
the cortical responses of Kanizsa visual stimuli
evoked at short latencies over frontal and
(ROI)
in both children with ASD and typical age-

parieto-occipital  regions-of-interest
matched controls: Kanizsa stimuli consist of
inducer disks of a shape feature and either
constitute an illusory figure (square, triangle)
or not (colinearity feature). For the purposes
of this study the stimuli consisted of Kanizsa
targets, Kanizsa non-targets, and non-Kanizsa
stimuli. We focused our analysis on short-
P50, N100,
P200, with the intent of gaining insight into

latency field potentials, and
early-stage visual processing abnormalities
associated with ASD. Unlike our previous
paper [40] we included the visually associated,
parieto-occipital region-of-interest (ROI), in
order to better capture early-stage visual
activity associated with extrastriate areas. The
frontal ROl was included as it is associated
with working memory, executive function,
and selective attention. We hypothesized that
individuals with ASD will manifest deficits in
early-stage visual processing shown by an
augmentation of evoked potentials elicited by
task-irrelevant distracter stimuli in early stages
of visual processing, and this will consequently

disrupt stimulus discrimination as compared to
the control group.

2. Experimental Procedures

2.1 Participants

Participants with autism spectrum disorder
(ASD) (age range 9 to 20 years) were recruited
through the University of Louisville Weisskopf
Child Evaluation Center (WCEC). Diagnosis
was made according to the Diagnostic and
Statistical Manual of Mental Disorders (DSM-
IV-TR) [1] and further ascertained with the
Autism Diagnostic Interview - Revised (ADI-R)
[57]. They also had a medical evaluation by a
developmental pediatrician. All subjects had
normal hearing based on past hearing screens.
Participants either had normal vision or wore
corrective lenses. Participants with a history
of seizure disorder, significant hearing or visual
impairment, a brain abnormality conclusive
from imaging studies or an identified genetic
disorder were excluded. All participants were
high-functioning persons with ASD with full-
scale 1Q > 80 assessed using the Wechsler
Intelligence Scale for Children, Fourth Edition
[58] or the Wechsler Abbreviated Scale of
Intelligence [59].

Controls were recruited through
advertisements in the local media. All control
participants were free of neurological or
significant medical disorders, had normal
hearing and vision, and were free of psychiatric,
disorders

learning, or  developmental

based on self- and parent reports. Subjects
were screened for history of psychiatric or
neurological diagnosis using the Structured
DSM-IV  Non-Patient

Edition [60]. An attempt was made to match

Clinical Interview for
participants within the control and ASD groups
by age, full-scale IQ, and socioeconomic status
of their family. Socioeconomic status of ASD
and control groups was compared based
on parent education and annual household
income. Participants in both groups had similar
parent education levels.

The study complied with all relevant national
regulations and institutional policies and
has been approved by the local Institutional
Review Board (IRB). Participating subjects and

their parents (or legal guardians) were provided
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with full information about the study including
the purpose, requirements, responsibilities,
reimbursement, risks, benefits, alternatives,
and role of the local IRB. The consent and assent
forms approved by the IRB were reviewed and
explained to all subjects who expressed interest
to participate. All questions were answered
before consent signature was requested. If the
individual agreed to participate, she/he signed
and dated the consent form and received a
copy countersigned by the investigator who
obtained consent.

2.2 ERP data acquisition, and signal

processing
Electroencephalographic (EEG) data were
acquired with a 128 channel Electrical

Geodesics Inc. (EGI) system (v. 200) consisting
of Geodesic Sensor Net electrodes, Net Amps
and Net Station software (Electrical Geodesics
Inc., Eugene, OR) running on a Macintosh G4
computer. EEG data were sampled at 500 Hz
and filtered using a 0.1 - 200 Hz analog filter.
Impedances were kept under 50 KW. According
to the Technical Manual of EGI (2003) this Net
Sensor electrode impedance level is sufficient
for quality recording of EEG with this system.
A study conducted by Ferree, Luu, Russell, &
Tucker [61] suggested that modern high input-
impedance amplifiers and accurate digital
filters for power noise provide excellent EEG
signal collection with high scalp impedance
(approximately 40 KW ).

The Geodesic Sensor Net is a lightweight elastic
thread structure containing Ag/AgCl electrodes
housed in a synthetic sponge on a pedestal.
The sponges were soaked in a KCl solution to
render them conductive. EEG data were recorded
continuously. EEG channels with high impedance
or visually detectable artifacts (e.g., channel drift,
gross movement, etc.) were identified using Net
Station event marker tools in ‘on-line’ mode and
removed in the ‘off-line’ mode using Net Station
Waveform Tools (NSWT). Stimulus-locked EEG
data were segmented off-line into 1000 ms
epochs spanning 200 ms pre-stimulus to 800
ms post-stimulus around the critical stimulus
events: e.g., in an oddball task: (1) rare target
(Kanizsa square) , (2) rare non-target distracter
(Kanizsa triangle), (3)

frequent non-target

(non-Kanizsa standards). Data were digitally
screened for artifacts (eye blinks, movements),
and contaminated trials were removed using
artifact rejection tools. The Net Station Waveform
Tools' Artifact Detection module in ‘off-line’
mode marks EEG channels ‘bad’ if fast average
amplitude exceeds 200 pV, differential average
amplitude exceeds 100 pV, or if the channel has
zero variance. Segments were marked ‘bad’ if
they contain more than 10 bad channels or if eye
blinks or eye movements are detected (> 70 pV).
After detection of bad channels, the NSWT's ‘Bad
channel replacement’ function was used for the
replacement of data in bad channels with data
interpolated from the remaining good channels
(or segments) using spherical splines (more
information on interpolation methods used in EGI
Net Station systems can be found in [62-65]).

The remaining data for correct trials was
digitally filtered using 60 Hz Notch and 0.3-20
Hz bandpass filters and then segmented by
condition and averaged to create ERPs. Averaged
ERP data was baseline corrected and re-
referenced into an average reference frame. All
stimulus presentation and behavioral response
collection was controlled by a PC computer
running E-prime software (Psychology Software
Tools Inc, PA). Visual stimuli were presented
on a 15" display, and manual responses were
collected with a 5-button keypad (Serial Box,
Psychology Software Tools, Inc, PA).

Kanizsa
triangle

Kanizsa
sguare

25%

Target
il i
500 ms

1100-1300 ms

: " v
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2.3 Three stimuli visual oddball with

illusory Kanizsa figures
In this task subjects were required to
respond with a button-press to rare (25%
probability) Kanizsa squares (targets) among
Kanizsa triangles (rare non-target distracters,
25% probability) and non-Kanizsa figures
(standards, 50% probability). The stimuli were
presented for 250 ms with inter-trial intervals
(IT1) varying in the range of 1100 -1300 ms. A
fixation point (cross) was presented during ITI
(Figure 1). White figures were displayed on a
black background on a flat monitor. Subjects
were instructed to press the first button on a
5-keypad with their right index finger when
a target appears, and ignore when non-
target Kanizsa or standard stimuli appear.
This task is a classic three-stimuli ‘oddball’
with rare target and distracter stimuli
presented among frequent standards. The
non-target Kanizsa triangle was introduced
to differentiate processing of Kanizsa figures
and targets. The stimuli consist of either three
or four inducer disks which are considered
the shape feature, and they either constitute
an illusory figure (square, triangle) or not
(collinearity feature).

2.4 Behavioral measures
Behavioral response measures were mean

reaction time (in ms) and response accuracy

Non-Kanizsa
Non-Kanizsa triangle

sguare

25%
25%

1 block
240 trials per block

Figure 1. We used Kanizsa and non-Kanizsa figures as stimulus material in this experiment. In particular, the
stimulus types are Kanizsa square (target), Kanizsa triangle, non-Kanizsa square, and non-Kanizsa
triangle. The non-target Kanizsa triangle is introduced to differentiate processing of Kanizsa figures and
targets. The stimuli consist of either three or four inducer disks which are considered the shape feature,
and they either constitute an illusory figure (square, triangle) or not (collinearity feature).
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(percent of correct hits). Both commission and
omission error rates were calculated.

2.5 Event-Related Potentials (ERP)

ERP dependent measures were: adaptive
mean amplitude and latency of ERP peaks
(e.g., N100) within a temporal window across
a region-of-interest (ROI) channel group.
Each ROl contained at least 4 electrodes.
A list of ERP dependent variables included
stimulus-averaged amplitude and latency of
the frontal ERP components: P50 (40-100 ms
post-stimulus), N100 (90-180 ms), P200 (180-
280 ms), and the posterior (parieto-occipital
ROIs) ERP components P50 (40-90 ms),
N100 (80-180 ms), and P200 (160-250 ms).
The frontal (i.e., frontal and fronto-central)
ROIs for P50, N100, and P200 components
included the following EGI channels: left
ROI - EGI channel 29, F3, FC1, FC3; midline
ROl - Fz, FCz EGI channels 5,12; right ROI
- EGl channel 118, F4, FC2, FC4. The parieto-

128-Channel Geodesic Net

occipital (i.e., parieto-occipital and occipital)
ROIs for P50, N100, and P200 components
included following EGI channels: left ROI
- EGI channel 67, PO3, PO7, O1; right ROI
— EGI channel 78, PO4, POS8, 02. Midline
parieto-occipital (POz and EGI channel 73)
channels were used in combination with
the left and right parieto-occipital ROIs to
form a comprehensive parieto-occipital ROI
containing 10 EEG channels (Figure 2) [66].

2.6 Statistical analysis

Statistical analyses were performed on the
subject-averaged behavioral and ERP data with
the subject averages being the observations.
The primary analysis model was the repeated
measures ANOVA, with dependent variables
being reaction time (RT), accuracy, error
rate, and all the specific ERP components’
amplitudes and latencies at selected ROls. The
data of each ERP dependent variable for each
relevant ROl was analyzed using ANOVA with

Frontal ROI

Midline

Parieto-occipital ROI

Right

@ |
Midline

Figure 2. Sensor layout of the 128-channel geodesic sensor net (EGI, Eugene, Oregon) with frontal and parieto-

occipital ROI for left, right, and midline labeled.

the following factors (all within-participants):
Stimulus (Target, Standard, non-target Kanizsa),
Hemisphere (Left, Right), etc. The between
subject factor was Group (ASD, CNT). Post-hoc
analysis was conducted where appropriate.
A-priori hypotheses were tested with Student’s
t-tests for 2 groups with unequal variance. In
all ANOVAs,
p-values were employed where appropriate.

Greenhouse-Geisser corrected
SPSS v.14 and Sigma Stat 3.1 packages were
used for statistical analysis.

3. Results

The mean age of 15 participants enrolled
in the ASD group was 13.9 * (standard
deviation) 3.45 years (range 9-20 years, 13
males, 2 females), while the mean age of
the Control (CNT) group (N= 15) was 15.5 +
4.21 years (9-22 years, 11 males, 4 females).
The age difference between groups was not
significant (two-tailed t-test, t=1.01, p= 0.33,
n.s.). The mean full-scale 1Q score for patients
with ASD was 92.5 + 15.1, and this was not
significantly different from the group 1Q of
controls. The full-scale 1Q scores were based
on either the Wechsler Intelligence Scale for
Children, Fourth Edition [58] or the Wechsler
Abbreviated Scale of Intelligence [59].

3.1 Behavioral responses

Reaction time to targets was not significantly
different in the ASD group compared to the
typical control group (549 + 86 ms in ASD
vs. 502 = 69 ms in CNT, F1,29 =2.77, p=0.10,
n.s.), but a difference in total error rate was
significantly higher (14.8 + 17.7 percent vs.
1.4 + 2.6 percent, F1,29 =8.43, p=0.007). The
percentage of both commission (9.4 + 14.3
percent vs. 0.5 + 0.6 percent, F1,29 =5.83,
p=0.023) and omission errors (5.4 + 7.2 percent
vs. 0.8 £ 2.2 percent, F1,29 = 5.28, p=0.029) was
significantly higher in the ASD group.

3.2 Parieto-occipital ERPs

P50. Amplitude of the parieto-occipital P50 in
the ASD group was bilaterally more positive to
non-target Kanizsa stimuli as compared to the
control group (2.25+2.15mVvs.0.94+ 1.03mV,
F1,29 =449, p=0.043) (Figures 3 and 4).




A Stimulus (target Kanizsa, non-target Kanizsa,
non-Kanizsa standard) X Group (ASD, CNT)
interaction reached significance (F2,58 =3.43,
p=0.048) over the left hemisphere and can be
described as more positive P50 amplitude to
both target and non-target Kanizsa figures
but not to standard stimuli in the ASD group.

Translational Neuroscience

Latency of P50 at the right ROI to non-target
Kanizsa figures was some 14 ms shorter in the
ASD group compared to the control group
(F1,29 =4.87, p=0.035).

N100. Latency of the N100 componentin the
ASD group as compared to the control group
was prolonged to targets across all parieto-

Bilateral P50 Amplitucle to Non-Target Kanizsa Stimuli at Posterior ROI

3.0+
2
2.5 4

2.0+

0.4 4

oo

I Control (N=15)
W 1 ASD (N=15)

Figure 3. Parieto-occipital P50 amplitude is significantly more positive to non-target Kanizsa stimuli bilaterally in
the ASD group compared to controls (F1,29 =4.49, p=0.043).

Autistic
Non-Target PSO

Figure 4. 3D topographic map of scalp potentials (P50, ~90 ms post-stimulus) in response to non-target Kanizsa
stimuli in autism and control groups. The autism group shows more pronounced posterior positivity.

Eilateral M100 Latency af Parleto-occipital ROI

Mille secands {ms)
=

Canteed (N=15)

ASD (N=15)

Figure 5. Latency of the parieto-occipital N100 ERP component to target Kanizsa, non-target Kanizsa, and non-

Kanizsa standards in autism and control groups. A Stimulus (target, non-target, standard) X Group
interaction is significant (F2,58=3.43, p=0.04) across both hemisphres.
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occipital ROI (131.9 + 4.13 vs. 121.3 + 4.13 ms,
F1,29=5.10, p=0.032), and was also significant
at the right ROl (F1,29=4.30, p=0.048).
Repeated measures analysis revealed a Stimulus
X Group interaction (F2,58=3.43, p=0.04) across
both hemispheres; this effect (Figure 5) was
expressed as a significantly longer latency to
target stimuli in the ASD group with a relatively
longer latency to non-target stimuli without
any between group differences to standard
stimuli.

P200. Amplitude of the parieto-occipital
P200 in the ASD group was more positive to
target stimuli and yielded a Stimulus (target,
standard) X Group interaction at the left
hemisphere (F1,29=7.48,p=0.011). Comparison
of P200 latency between target and non-
target Kanizsa stimuli revealed a Stimulus X
Group interaction (F1,29=5.32, p=0.029) with
prolonged latency to non-targets in the ASD

group.

3.3 Frontal ERPs

P50. Amplitude of the midline frontal P50
in the ASD group compared to the control
group was significantly more positive to non-
target Kanizsa figures (1.03 + 1.23 mV vs. 0.13
+ 0.61 mV, F 1,29= 6.24, p=0.019) (Figures 6
and 7). Amplitude of the left frontal P50 in the
ASD group was also more positive to standards
(0.63 £ 0.97 mV vs. 0.06 + 0.17 mV, F1,29=5.11,
p=0.032). Latency of the midline frontal P50 to
targets was marginally prolonged in the ASD
group compared to the control group (63.2 £
16.5msvs.52.5+11.90 ms, F1,29=4.14, p=0.05).
This effect for P50 latency was significant at
the left hemisphere (62.3 + 7.8 ms vs. 48.1
10.5 ms, F1,29=7.05, p=0.013).

N100. Amplitude of the frontal N100 to
targets at midline was more negative in the
ASD group compared to the control group
(-3.15+£2.79mV vs.-0.96 £ 0.76 mV, F1,29 =8.63,
p=0.007) (Figure 8). At the midline ROl a Stimulus
(target Kanizsa, standard non-Kanizsa, non-
target Kanizsa) X Group (ASD, CNT) interaction
was significant (F2,56=7.52, p=0.003) with
the
amplitudes to each non-target category of

ASD group exhibiting comparable
stimuli, whereas the control group had a more
negative amplitude to targets. Latency of the

frontal N100 over both hemispheres showed a
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P50 Amplitude to Non-Target Kanizsa Stimuli at Midline Frontal ROl Stimulus (target Kanizsa, non-Kanizsa standard)

15 X Group interaction (F1,29 =5.80, p=0.023) with
N I Control (M=15)

1 ASD (N=15)

reduced latency to standards in the ASD group.

ny

The same effect was significant at the right
12 frontal ROI (F1,29 =5.65, p=0.024).
P200. Amplitude of the frontal P200 to non-

101 targets was more positive in the ASD group
0s 4 compared to the control group at midline

(3.95£2.52mVvs. 2.15+2.09 mV, F1,29 =4.54,
05 A

p=0.04). Amplitude of the left frontal P200 was
04 4 significantly more positive in the ASD group

compared to the control group (targets, 3.23 +

021 1.81 vs. 1.47 + 1.80 mV F1,29 = 7.09, p=0.013;
oo 4 — non-target Kanizsa, 3.24 + 297 vs. 143 +
1.30 mV F1,29 = 4.65, p=0.04; standards, 3.03 =

2.22vs.1.20 + 1.65 mV F1,21 =6.53, p=0.016). It
should be noted that amplitude of the frontal

Figure 6. Midline frontal P50 amplitude is significantly more positive to non-target Kanizsa stimuli in the ASD
group compared to controls (F1,29 =6.24, p=0.019)

Non-Target Kanizsa (Frontal ROI) P200 in the ASD group was indiscriminative

and comparably high in all three conditions
— =~ Contral

_ (Figure 9).

— Autism

[y

P200

4. Discussion

Over parieto-occipital ROl we found P50
amplitudes to be significantly more positive
to non-target Kanizsa stimuli in the ASD group
compared to the control group. P50 latency
over parieto-occipital ROl was also significantly
reduced in the ASD group to non-target
Kanizsa figures at the right ROl compared to the
control group. The early P50 potential in visual

tasks is associated with the sensory processing

of attended stimuli and is generally larger
Figure 7. Midline frontal ERP waveforms to non-target Kanizsa illusory figures in autism and control groups

(grandaverage, N=15/group). to attended stimuli [48]. These results may

point to sensory over reactivity in individuals
with ASD in early stages of visual processing
especially to task irrelevant stimuli. Our earlier
study [40] found similar results in a traditional
visual three-stimuli oddball task over frontal
electrode sites: ASD patients had significantly
increased amplitudes of this early positivity
to irrelevant distracter stimuli compared
to controls. As altered inhibitory control of
sensory intake [4], sensory overload [5], and
hypersensitivity [2] have all been associated
with ASD, these results at early stages of visual
processing are not surprising.

130 ms Reference Free
EEG Voltsge gy 31 wViStep

Also, over parieto-occipital ROl the latency
of N100 was significantly prolonged to target

Figure 8. 3D topographic map of scalp potentials (N100, 130 ms post-stimulus) in response to target stimuliin  stimuli in the ASD group relative to the control
autism and control groups. The autism group shows more pronounced anterior frontal negativity.
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Non-Kanizsa

(210 ms)

Non-target Kanizsa

Autism

Target Kanizsa

(220 ms)

Figure 9. 2D topographic map of responses to non-target Kanizsa, non-Kanizsa standards, and target Kanizsa
stimuli in autism and control groups (210-220 ms post-stimulus). The control group shows frontal
positivity (P200) only to targets, whereas the autism group has frontal postivity expressed as well to
non-target stimuli (both non-target Kanizsa and non-Kanizsa standards).

group. These results are similar to our earlier
study [40] where we found a prolonged N100
latency to targets in ASD patients compared
to controls over centroparietal ROl. Delayed
negativity in this range has been associated
with prolonged memory comparison processes
during stimulus discrimination [67]. It is
plausible that sensory hyperreactivity at early
stages of visual processing (i.e., P50) may be
delaying stimulus discrimination processes
at the stage of the N100. Comparison of P200
latencies between target and non-target
Kanizsa stimuli over parieto-occipital ROI
revealed a Stimulus X Group interaction with
prolonged latencies to non-targets relative
to target stimuli in the ASD group. Since
the P200 has been associated with visual
categorization processes, these results may
point to compromised attentive orientating
in ASD patients due to excessive sensitivity in
early visual processing stages.

Over frontal ROl P50 amplitudes were
significantly more positive to non-target
Kanizsa and non-Kanizsa stimuli in individuals
with ASD, while P50 latency was prolonged to
target stimuli. These results are similar to our
findings over parieto-occipital ROl as well as
our previous study [40] where ASD patients had
excessive frontal positivity to distracter stimuli

compared to controls. Again since this early
positivity is associated with early categorization
and recognition processes and is generally
higherto attended stimuli, these results suggest
ASD patients are abnormally orientating to task
irrelevant stimuli. An exaggerated response
to sensory inputs may result in a global
inundation of higher level integrative centers
with task-irrelevant information during early
stages of visual processing.

N100 amplitude over frontal ROI
significantly more negative to target stimuli in

was

the ASD group relative to the control group.
Also, a Group X Stimulus interaction for N100
latency indicated a significantly reduced
latency in the ASD group to non-Kanizsa
stimuli compared to target Kanizsa stimuli.
These results corroborate with our previous
paper [40] where we found an augmented
N100 amplitude to target stimuli over frontal
ROl as well as a prolonged N100 latency to
targets over centroparietal ROl in ASD patients.
Amplified and delayed responses to rare, target
stimuli in the ASD group may point to visual
hypersensitivity and increased general arousal
relative to controls, and this may disrupt
and delay the processing of target stimuli.
Courchesne et al. [32] reported larger N100

amplitudes at the Cz electrode to all stimuli
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(Target, Novel, Background) in autistic patients
compared to controls, but the group differences
were not found to be significant. These findings
may also point to augmented visual responses
in ASD during early stages of processing.

P200 amplitude over frontal ROI was found
to be equally more positive to all stimuli
in the ASD group with a lack of stimulus
discrimination; this is similar to our previous
findings [40] where P200 amplitude over
frontal ROl was found to be more positive
to all stimuli in the ASD group’ where in the
control group P200 amplitude was more
positive to targets. The P200 over frontal
ROl has been associated with the hierarchal
selection of task-relevant features [54]. In
ASD globally augmented cortical responses,
especially to irrelevant stimuli at early stages
of visual processing may be complicating
stimulus discrimination processes at the
stage of the P200.
responses of ASD patients did not differ from

At behavioral stages,

the control group in reaction time although
they had a significantly higher rate or error.
The significantly higher rate of error in ASD
patients may be a manifestation of early-
stage visual sensitivity and consequently a
disruption in selective attention and executive
function. For a summary of mean amplitudes
and latencies, as well as significant group
differences, at bilateral parieto-occipital and
midline frontal ROI in ASD and CNT groups
refer to Tables 1 and 2.

Our results show that individuals with ASD
have abnormally large cortical responses
to task irrelevant stimuli over both parieto-
occipital and frontal ROl during early stages
of visual processing compared to the control
group. Also, ASD patients showed signs of an
overall disruption in stimulus discrimination
compared to the control group as evidenced
by ERPs and a significantly higher rate of motor
response errors. Sensory hyperreactivity has
been well documented in the auditory domain
(see [3] for review) but not during visual tasks.
Patients with ASD may have sensitivities at
early-stages of visual processing as well which
may be sequentially affecting their ability to
effectively discriminate irrelevant from relevant
stimuli in visual processing tasks.
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Table 1. Mean amplitudes with standard deviations at bilateral parieto-occipital and midline frontal ROl in ASD (N=15) and CNT (N=15) groups.

Amplitude (pV)

Topography Target Non-Target Standard
ERP Component ASD CNT ASD CNT ASD CNT
Parieto-occipital P50 379100 091 +1.11 2.25+2.15% 0.94+1.03 053+1.76 1.02+972
Parieto-occipital N100 144+112 1,04+ 131 -0.65 +2.60 -0.55+1.03 2.14%487 -0.29+043
Parieto-occipital P200 6.61+143 1.42+2.06 294+4.12 1.98+2.49 069 + 4.56 224£244
Frontal P50 0.92 +1.83 033 +0.60 1.03 +1.24* 0.13£061 078+ 1.71 0.28+0.35
Frontal N100 -3.15 £ 2.79% -0.96 +£0.76 -1.56 + 2.08 -144+158 154201 1.27£091
Frontal P200 2.90 +2.69 262+2.19 3.95 +2.52* 2.15+2.09 3354227 215+2.02
*Indicates a statistically significant difference from control group (p<0.05)
**Indicates a statistically significant difference from control group (p=<0.01)
Table 2. Mean latencies with standard deviations at bilateral parieto-occipital and midline frontal ROl in ASD (N=15) and CNT (N=15) groups.
Latency (ms)
Topography Target Non-Target Standard
ERP Component ASD CNT ASD CNT ASD CNT
Parieto-occipital P50 787 +£223 82.8+238 81.7+18.2 88.5+16.5 77.2+£19.1 88.2+17.6
Parieto-occipital N100 131.9+£4.1* 121.3+4.1 1325+225 116.0 + 36.4 12691+ 123 117.9+36.6
Parieto-occipital P200 175.8+37.1 160.8 £ 38.7 181.9+44.8 156.5+35.2 171.3+36.6 161.1 £40.7
Frontal P50 63.2 +16.5*% 525+119 62.7+14.8 56.4+134 61.4+13.9 549+179
Frontal N100 133.7+12.9 131.0+£10.3 1279+ 284 1325+11.2 130.3+189 1326+114
Frontal P200 218.1 +£28.8 217.4+£325 215.0+20.8 208.3+24.2 2185+ 269 204.1 £26.9
*Inidcates a statistically significant difference from control group (p<0.05)
Several neuropathological theories may and visual input. Additionally, interneuronal  similar ‘oddball’ paradigms maintain a

help explain in part some of the sensory

abnormalities and  cognitive  deficits
associated with ASD. In fact, anomalies of
cortical inhibitory interneurons [68-71]

and an imbalance of cortical excitation and
inhibition [72] have been found in patients
with ASD. Casanova et al. [68,69] found a
significant reduction of peripheral neuropil
space in the minicolumns of several cortical
areas in individuals with ASD compared
to controls: Minicolumns are small cortical
processing units extending the cortical
width [73] surrounded by a neuropil space
consisting of several species of inhibitory
interneurons [74]. A reduction of inhibitory
tone in cortical areas associated with sensory
processing in ASD patients may account in
part for ineffective regulation of auditory
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