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ABSTRACT
Background: Autism Spectrum Disorders (ASD)
affects as many as one in 150 children. These
individuals experience significant impairments in
social interaction, communication, cognition, and
behavioral functioning. Neuroimaging technologies
have been utilized during the past twenty years to
examine brain anatomy and physiology in individuals
with autism to obtain a better understanding of the
disorder.
Methods: More than seventy-five published
articles and papers on the topics of brain anatomy,
electrophysiology, and visual function/perception in
children with ASD were reviewed. Neurobiological
findings include structural abnormalities in the
amygdale, hippocampus, corpus callosum, frontal,
temporal, and parietal cortex, and the cerebellum.
Neurochemistry findings include a wide array of
transmitter systems that may contribute to ASD
including serotonin, dopamine, acetylcholine, and
brain-derived neurotropic factor. There have also been
several empirical demonstrations of decreased and
enhanced visual abilities of individuals with autism
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including abilities in visual acuity, refractive error,
pursuits and saccades, and strabismus.
Conclusions: Individuals with ASD have nu
merous neuro-anatomical, neurophysiological, neur
opsychological, cognitive and other anomalies that
can affect the oculomotor system, vision information
processing/visual perception, and the development
of refractive error that may require intervention.
Optometrists with experience in applying the
concepts of behavioral, functional and developmental
optometry to patient care should be integral members
of the diagnostic and treatment team for individuals
with autism.
Keywords: autism spectrum disorder, autistic
neuroanatomy, autistic visual perception, fMRI
studies, oculomotor, optokinetic nystagmus, stra
bismus, visual evoked potential
Introduction
First described by Leo Kanner in 1943,1,2 autism
in the early literature was described as a psychiatric
disorder caused by parents who did not sufficiently
love their children. Although previously believed
to be disorders originating in behavior, Autism
Spectrum Disorders (ASD) are now generally agreed
upon to be complex developmental, neurobiological,
and polygenetic disorders that have a broad impact on
cognitive and neurological functioning. While ASD
is defined and diagnosed by behavioral criteria, the
etiology is neurological. In more recent years, studies
of ASD have incorporated research on neurobiology
and neurochemistry in order to create a more
comprehensive understanding of the disorders.
According to 2007 data from the Centers for
Disease Control and Prevention,3 ASD affects as
many as one in 150 children and is four times more
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Cerebral cortex
a thin layer of gray matter
on the surface of the
cerebral hemispheres. Twothirds of its area is deep
in the fissures or folds.
Responsible for the higher
mental functions,
general movement,
perception, and
behaviorial reactions.

Major Brain
Structures
Implicated in
Autism

Amygdala
responsible for
emotional
responses,
including
Hippocampus
aggressive makes it possible
behavior.
to remember new
information and
recent events.

Brain stem
located in front of the cerebellum,
it serves as a relay station, passing
messages between various parts of the
body and the cerebral cortex. Primitive
functions essential to survival (breathing
and heart rate control) are located here.

Basal ganglia
gray masses deep
in the cerebral
hemisphere that
serve as a connection
between the cerebrum
and cerebellum. Helps
to regulate automatic
movement.

Corpus callosum
consists primarily of closely
packed bundles of fibers that
connect the right and left
hemisphere and allow for
communication between the
hemispheres.
Cerebellum
located at the back of the
brain, it fine tunes our motor
activity, regulates balance, body
movements, coordination, and the
muscles used in speaking.

Source: Wikimedia Commons - Authors: National Institutes of Mental Health, National Institutes of Health. This work is in the public domain.

prevalent in males than in females. Individuals
with ASD experience significant impairments in
social interaction, communication, cognition, and
behavioral functioning.4 They also display restricted,
repetitive, and stereotyped patterns of behaviors,
interests, and activities.5 Additional characteristics
of autism include failure of language development,
lack of eye contact, and minimal curiosity as well
as problems with imaginative play and abnormal
absorption in repetitive tasks.6,7

work involving fronto-temporo-parietal cortex,
limbic system, and cerebellum may underlie the
pathophysiology of autism, and that such changes
could result from abnormal brain development dur
ing early life.12
Structural magnetic resonance imaging studies
originally confirmed the total brain volume increase
in autism, originally inferred from increased head cir
cumferences.13 Because the onset of brain overgrowth
in individuals with ASD coincides with the onset
of symptoms of autism, it is assumed that the over
Neurobiology
growth is part of a pathological process that disrupts
In the past twenty years, neuroimaging technolo the normal function and structure of the brain.14,15
gies have been utilized to examine brain anatomy in Increased fronto-occipital circumference appears to
individuals with autism in order to identify structural be one of the most consistent neurobiological findings
abnormalities. Increased total brain, parieto-temporal in autism.16-18 However, Hardan et al. did not find
lobe, and cerebellar hemisphere volumes are the most significant difference between autism and normal
replicated abnormalities in autism.8 Also, research subjects.19 Abnormally enlarged volumes of frontal,
suggests that the size of the amygdale, hippocampus, temporal, and parietal lobes,20,21 and increased gray
and corpus callosum may be abnormal as well.9-11 matter density in the inferior and middle temporal
It is conceivable that abnormalities in neural net gyri9 have been reported in children and adults
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with autism. However, there have also been studies
indicating signs of superior parietal cortical volume
loss22 and abnormally decreased volumes of right
cingulare,9,23 left occiptio-temporal cortex,21 and left
inferior frontal gyrus and decreased grey matter with
increased CSF.1,9 Furthermore, decreased hippocamp
al measures have been found in juvenile and mostly
high-functioning adults with autism.10,24 However,
several other studies have reported no abnormalities
in this region.25,26
Other structures such as the hippocampus,
amygdale, and corpus callosum have recently been
suggested to be structurally abnormal in individuals
with autism, and possibly implicated in the
pathophysiology of the disorders. In regard to the cor
pus callosum, abnormally reduced anterior, middle,
and posterior callosal sub-regions have consistently
been reported in individuals with autism, even after
controlling for gender and total brain measures.27,28
Additionally, several studies describe abnormalities in
total corpus callosum areas in autism.27,29 Some studies
suggest that the amygdala and hippocampus may
be increased.9,16,26 The hippocampus and amygdale
are involved in social learning, cognitive function,
and emotional processing16,31 and might play a role
in social behavior and social intelligence deficits in
individuals with autism.
A consistent neurological abnormality found in
persons with autism is marked Purkinje cell loss in the
cerebellum.22,32,33 The Purkinje cell is an exceptionally
large inhibitory neuron in the cerebellum that receives
extensive excitatory input from both parallel fibers
(from granule cells) and climbing fibers (from the
inferior olivary nucleus). Abnormalities in Purkinje
cells are behaviorally manifested in difficulties with
impulsivity. The current thought in autism is that
Purkinje cell loss is not due to cell death, but abnormal
development during gestation.
Researchers at the Howard Florey Institute in
Australia using fMRI technology have shown that
children with autism have less activation in the
deep parts of the brain responsible for executive
function (attention, reasoning, and problem solving).
Specifically, they found that activity in the caudate
nucleus, a critical part of circuits that link the
prefrontal cortex of the brain, is reduced in boys with
autism.34 These findings have important implications
since prefrontal brain circuits play a critical role in
maintaining and focusing attention, planning and
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setting goals, and keeping goals in memory during
problem-solving and decision making.
More recently, research in neurobiology has
enabled scientists to move from the simplistic view
that was once held to the multifaceted connectivity
model that is accepted and developing today.
An important finding coming out of functional
magnetic resonance imaging studies concerns cortical
connectivity. Specifically, a pattern of activation,
timing, and synchronization of the activation across
the cortical network (functional connectivity) that
is needed to perform a certain task was lower for
persons with autism compared to matched controls.35
Additionally, fMRI studies reported mirror neuron
dysfunction as a possible explanation for the social
and emotional deficits found in individuals with
ASD. Mirror neurons are thought to be the neural
mechanism that assists in understanding the actions,
intentions, and emotions or internal experiences of
another’s emotions. For individuals with ASD, early
mirror neuron dysfunction may mean that a lack
of connections between neural systems leads to the
inability to connect feelings to information.36
Neurochemistry
Studies of neurochemistry are investigating a
wide array of transmitter systems that may contribute
to ASD. Most neurochemical studies of ASD are
complicated by the co-morbidity or behavior problems
associated with ASD, as well as small sample sizes and
inappropriate control groups. These concerns make it
difficult to extract confident solutions from research
results. Although research of serotonin has been
most promising, dopamine, acetylcholine, oxytocin,
and amino acid neurotransmitters are among the
neurochemicals being investigated with regard to the
development and expression of ASD.
Among all neurochemical investigations in
autism, serotonin (5-hydroxytrypamine or 5-HT)
has stimulated the most research and investigation.
Serotonin is an indolomine that is derived from the
essential amino acid tryptophan. Serotonin regulates
mood, eating, body temperature, arousal, pain
sensitivity, and hormone release.37 Evidence that
acute depletion of the dietary precursor of serotonin
(tryptophan) increases the symptoms of ASD is
stimulating further research on serotonin.38 It has also
been proposed that high levels of serotonin during early
development may create a loss of serotonin terminals
and therefore hinders neuronal development.39 Some
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research has evidenced higher rates of ASD in children
exposed to serotonin enhancing drugs in utero.40-41
Selective serotonin reuptake inhibitors (SSRI’s), in
cluding fluoxetine, paroxetine, and citalopram, have
been reported to be the most prescribed psychotropic
medications in autism, and are effective in managing
preservative behaviors such as compulsions, stereo
typies, and self-injury.42
Dopamine (DA) is a catecholamine that is
synthesized from the dietary amino acid tyrosine.
Dopamine function in the brain involves systems
that contribute to movement control, emotion,
stimuli reinforcement, memory, and higher-order
functioning.43 Dopamine blockers, such as antipsychotics, have been observed to alleviate symptoms
of ASD, such as hyperactivity, various stereotypical
behaviors, aggression, and self-injury.44
Norepinephrine is a catecholamine with dual
roles as a hormone and a neurotransmitter. As a
stress hormone, norepinephrine affects parts of the
brain where attention and responding actions are
controlled. Along with epinephrine, norepinephrine
also underlies the fight-or-flight response, directly
increasing heart rate, triggering the release of glucose
from energy stores, and increasing blood flow to
skeletal muscles. Norepinephrine works in systems
of the brain that play a critical role in attention,
information and stimuli filtering, stress response,
anxiety, and memory. Unfortunately evidence for the
role of norepinepherine in the manifestation of ASD
is inconsistent and insufficient.37
Acetylcholine (Ach) is the neurotransmitter
found at the neuromuscular junction, in autonomic
nervous system ganglia, and in multiple sites in the
central nervous system.45 Acetylcholine has functions
both in the peripheral nervous system and in the
central nervous systems as a neuromodulator. In the
peripheral nervous system, acetylcholine activates
muscles, and is a major neurotransmitter in the
autonomic nervous system. In the central nervous
system, acetylcholine and the associated neurons
form a neurotransmitter system, the cholinergic
system, which tends to cause excitatory actions. In the
Acetylcholine has been implicated in development of
the ability to focus on the environment and achieve a
coherent behavior response.37 Evidence has also shown
that cognitive deficits typical in individuals with ASD
may be influenced by a disruption in the cholinergic
system,46-48 especially in the basal forebrain region.49
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Oxytocin (OT) is a peptide synthesized in the
paraventricular nucleus (PVN) and the supraoptic
nucleum (SON) in the brain. It is a mammalian
hormone that also acts as a neurotransmitter in the
brain. Cells in the PVN that synthesize oxytocin
project diffusely throughout the brain and the
brainstem.50 It has also been found that receptors for
oxytocin are located throughout the limbic system
in the forebrain and in the autonomic centers in the
brainstem.51 Behaviorally, the OT system has been
implicated in maternal behavior, infant separation
distress, sexual behavior, and in the development of
social attachments.52,53 Given that social impairment
is a primary symptom of autism, researchers have
begun to investigate whether or not the OT system
is dysfunctional in individuals with autism. Recent
studies give preliminary suggestive evidence that
oxytocin dysregulation may play a role in autism.54,55
Researchers Jane Yip, Adrian Oblak, and Gene
Blatt56 at Boston University School of Medicine
have been examining the regulation of brain-derived
neurotropic factor (BDNF) in the cerebellum of
individuals with autism. BNDF is a protein found
in the brain that plays a significant role in long-term
neuronal development and survival. The levels of
BDNF have been found to be significantly decreased
in individuals with autism when compared to age
matched controls. Reduced BDNF in the cerebellum
may be an indicator of aberrant brain development and
growth in autism. Italian researchers Lintas, Papeleo,
Garbette, Mirnics, & Persico57 have found increased
or unusual patterns of methylation in regions of the
brain as compared to matched. This was based on gray
matter brain tissue samples of eleven autistic patients
with age and sex matched controls.
Vision, Vision Information Processing
and Autism
There have been several empirical demonstrations
of unusual visual abilities of individuals with autism.
For example, individuals with autism have been found
to be superior on embedded figure tasks58 and block
design tasks.59,60 Other research has demonstrated that
children and adults with autism do better on visual
discrimination61 and visual search tasks.62
Visual acuity and refractive error are often reported
to be highly variable in individuals with autism. Snellen
acuity, for instance, has been found to be variable
in children with autism but this may be due to the
many behaviors exhibited by the child with autism
Optometry & Vision Development

that interfere with assessing acuity. The magnitude of
refractive error has been found to be significant in up
to 44% of individuals with autism.63
Anomalies of the binocular visual system such
as strabismus can also be of concern. Intermittent
strabismus has been found in children with autism
with rates ranging from approximately 21% to 84%
of the population studied.63 Intermittent strabismus
may add to the sensory confusion of those with au
tism because of the constantly changing visual input
they would receive. We do not know if those with
intermittent strabismus exhibit more environment
ally adverse behaviors than those without this vision
dysfunction.
Oculomotor findings, specifically pursuits and
saccades, have been found to be deficient in individuals
with ASD.64,65 One study measured the voluntary,
horizontal non-predictable saccades of 11 patients with
autism spectrum disorders. Six of the 11 subjects had
abnormal eye movements. Saccades were hypometric
in six subjects and were of reduced velocity in four.64
A second study by Rosenhall, Johanson and Gillberg
in 1988 investigated pursuits and fixations found that
50% had poor pursuits and 78% had poor fixation.64
More recent research/assessments of the ocu
lomotor system of those with autism note that saccadic
abnormalities often associated with autism suggest a
functional disturbance in the cerebellar vermis or its
output through the fastigial nuclei. This tends to be
consistent with a chronic cerebellar vermis lesion.66 It
has also been noted that when using visually guided
saccades, individuals with autism had increased
activation of the dorsolateral prefrontal cortex,
caudate nucleus, medial thalamus, anterior and
posterior cingulate cortex, and right dentate nucleus.
This indicates that those systems, are often dedicated
to cognitive control, may have to compensate for
disturbances in lower-level visual motor systems and
can result in the saccadic and pursuit abnormalities
frequently seen in autism.67
A recent review by Trachtman68 also noted that
individuals within the spectrum of autistic disorders
show many oculomotor anomalies that include a
higher incidence of strabismus (more exotropia than
esotropia) and saccades with significant undershoot
ing and slow velocities. These children were also seen
to have a wide range of refractive errors and visual
acuities. Children with autism tend to demonstrate
anomalous responses to the Optokinetic Nystagmus
Drum Test as well. These abnormal OKN responses
Volume 40/Number 3/2009

may be due to the deficit in attentional behaviors
often exhibited by children with autism.
Other researchers have shown significant
anomalous responses to various electrophysiological
tests such as the electroencephalogram (EEG),
the electroretinogram (ERG) and various evoked
potentials including the Visual Evoked Potential
(VEP) and Auditory Evoked Potential (AEP). At
least one or more researchers have stated that up to
80% of children with autism have anomalous EEGs,
49% abnormal ERGs, and that when VEP testing
is completed an attenuated P300 wave was noted
in many children with autism. The P300 wave is a
component of evoked potential testing and is thought
to be an indication of cognitive functioning.69
Can Autism Be Cured?
It is somewhat preposterous to discuss a cure
for any disorder when we do not know its etiology.
We do know that the many signs and symptoms
associated with autism can be treated. We do know
that the result of this treatment can, in a positive
manner, affect the quality of life for the individual
with autism.69-71 Although current research suggests
that those diagnosed with ASD tend to maintain that
diagnosis over time, a change of diagnosis for at least
some children can occur. It has also been noted that
with treatment, appropriate outcomes can be obtained
that improve the child’s quality of life especially for
those individuals with higher cognitive ability and
non-verbal intelligence.72
The Role of the Optometrist
The doctor with experience in applying the
concepts of behavioral, functional and developmental
optometry to patient care should be an integral
member of the diagnostic and treatment team for
those suspected of having ASD. The optometrist’s
role should include the diagnosis and treatment
of any ocular pathology, vision dysfunction, visual
perception anomaly and refractive error present.
As noted in this article, individuals with ASD have
numerous neuro-anatomical, neurophysiological,
neuropsychological, cognitive and other anomalies
that can affect the oculomotor system, vision
information processing/visual perception, and the
development of refractive error that may require our
intervention. Optometrists trained to work with those
with developmental disabilities and the non-verbal
patient need to assertively pursue seeking out these
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special needs patients. Optometrists, schools and
colleges of optometry, and professional organizations
should support these efforts as well. 74-77
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