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Abstract

Autism is a neurodevelopmental disorder with a range of clinical presentations. These presentations vary from mild to severe and
are referred to as autism spectrum disorders. The most common clinical sign of autism spectrum disorders is social interaction
impairment, which is associated with verbal and non-verbal communication deficits and stereotyped and repetitive behaviors.
Thanks to recent brain imaging studies, scientists are getting a better idea of the neural circuits involved in autism spectrum
disorders. Indeed, functional brain imaging, such as positron emission tomography, single foton emission tomographyand functional
MRI have opened a new perspective to study normal and pathological brain functioning. Three independent studies have found
anatomical and rest functional temporal lobe abnormalities in autistic patients. These alterations are localized in the superior
temporal sulcus bilaterally, an area which is critical for perception of key social stimuli. In addition, functional studies have shown
hypoactivation of most areas implicated in social perception (face and voice perception) and social cognition (theory of mind).
These data suggest an abnormal functioning of the social brain network in autism. The understanding of the functional alterations
of this important mechanism may drive the elaboration of new and more adequate social re-educative strategies for autistic
patients.
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Resumo

O autismo é um transtorno de neurodesenvolvimento com diversas apresentagoes clinicas. Essas apresentacoes variam em
gravidade (leves a graves) e sao denominadas transtornos do espectro do autismo. O sinal mais comum aos transtornos desse
espectro é o déficit de interagdo social, que esta associado a déficits de comunicacdo verbal e ndo-verbal e a comportamentos
estereotipados e repetitivos. Gracas a estudos recentes que utilizam métodos de imagem cerebral, os cientistas obtiveram uma
idéia melhor dos circuitos neurais envolvidos nos transtornos do espectro do autismo. De fato, os exames de imagem cerebral
funcionais, como tomografia por emissdo de pdsitrons, tomografia por emissdo de féton tnico e ressonancia magnética funcional
abriram uma nova perspectiva para o estudo do funcionamento cerebral normal e patolégico. Trés estudos independentes
encontraram anormalidades da anatomia e do funcionamento em repouso do lobo temporal em pacientes autistas. Essas altera-
¢oes estédo localizadas bilateralmente nos sulcos temporais superiores. Essa regido anatémica é de grande importéancia para a
percepcéo de estimulos sociais essenciais. Além disso, estudos funcionais demonstraram hipoativacdo da maior parte das areas
envolvidas na percepg¢ao social (percepgao de faces e voz) e cogni¢do social (teoria da mente). Esses dados sugerem um funcio-
namento anormal da rede de pensamentos do cérebro social no autismo. A compreensdo das alteracées nesse importante
mecanismo pode estimular a elaboracdo de novas e mais adequadas estratégias sociais de reeducac¢do para pacientes autistas.

Descritores: Sindrome autistica; Imagem por ressondncia magnética; Tomografia computadorizada por emissao; Estimulagéao
acustica; Percepcdo auditiva

1 ERM 0205 INSERM CEA, Service Hospitalier Frédéric Joliot, Orsay, France
2 Service de Radiologie Pédiatrique, Necker-Enfants Malades Hospital, Paris, France
3 Université Paris V, Paris, France

Correspondence

Ménica Zilbovicius

Service Hospitalier Frédéric Joliot
Financing: Fondation France — Télecom; Fondation de France 4 place du Général Leclerc, 91406, Orsay, France
Conflict of interests: None E-mail: zilbo@shfj.cea.fr

S21

Rev Bras Psiquiatr. 2006;28(Supl 1):S21-8



S§22 Zilbovicius M et al.

Introduction

Childhood autism is a severe developmental disorder that
impairs the acquisition of some of the most important skills for
human life. Core clinical features of this disorder include
impairment of social interactions, verbal and nonverbal
communication deficiencies, limitation of activities and
interest, and stereotyped patterns of behavior.’?

Autism is now considered as an organic cerebral dysfunction
thanks too several evidences. These evidences include the
fact that mental retardation is associated to autism in 70% of
cases (IQ < 70) and seizures in 33% of cases.>* In addition,
recurrence risk for siblings is approximately 3-5% what
corresponds to an incidence 75 times greater than in the ge-
neral population. This, as well as the high rate of male subjects
(3 males to 1 female), suggests that there is a genetic
predisposition for this disorder.5

Despite these evidences for a cerebral dysfunction underlying
autism, the first-generation studies using brain imaging have
failed to report consistently localized neocortical brain alterations
in this disorder. Structural neuroimaging investigations,
including CT-scan and MRI, had indicated various sites of
anatomic abnormalities that included the cerebral cortex, the
ventricular system and the cerebellum of autistic adult, and
relatively old autistic children (for review see Cody et al.!?).

The advent of functional brain imaging techniques, such as
positron emission tomography (PET), single photon emission
tomography (SPECT) and functional MRI (fMRI), have opened
a new and promising way to study brain dysfunction in
childhood autism. Both emission tomography techniques allow
noninvasive and accurate measurements of cerebral glucose
metabolism and/or cerebral blood flow (CBF). A large number
of strategies can be used in the study of a specific brain disorder
using functional brain imaging. Measurements can be
performed at rest or during the performance of specific sensory,
motor or cognitive task.

This review addresses the main anatomical and functional
brain imaging investigations performed in autistic subjects during
the last 20 years. Published data can be classified into three
different groups: 1) anatomical brain imaging studies 2) rest
measurements of regional cerebral glucose metabolism or ce-
rebral blood flow (CBF), mostly performed in primary autistic
subjects; 3) studies performed during brain activation paradigms.

1. Anatomical brain imaging in autism

Structural MRI is now currently applied in order to elucidate brain
anomalies that can underlie several neurodevelopmental disorders,
contributing to the better understanding of brain and behavior
relationships during normal and abnormal child development.

The first MRI studies concerning autism were published in
the end of the 80’s. Since then about 200 studies have been
published. A review of this extensive literature in autism reveals
series of non-replicated findings. The main brain structures
that were implicated in autism include the cerebellum, the
amygdala, the hippocampus, the corpus callosum and the
cingulate. While these findings concern the limbic system
and the cerebellum, few MRI data helped to explain the
neocortical involvement in autism.

A recent convergence of studies that used MRI reported
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increased total brain volume in autism.!'"!®> These findings are
corroborated by post-mortem studies and documentation of
increased head size associated with autism.

The cerebellum was one of the most studied structures in
autism. In 1988 a quantitative MRI study showed evidence of
hypoplasia of the vermian lobules VI and VIl in a group of patients
with autism.'® This vermian hypoplasia was not replicated by
others researchers, and seems not specifically linked to autism
and more related to mental retardation.'®!” Concerning the
amygdala, some studies show increased volume,!5!® some
described decreased volume!® and others reveal no significant
abnormalities related to autism.?° Likewise, to date no consistent
hippocampal findings in individuals with autism have been
reported. Some studies revealed no hippocampus size anomalies
in autism,!820-22 others reported both decreased volume!® or
increased volume of the hippocampus.'® Concerning the
cingulate, Haznedar et al., has reported that individuals with
autism displayed a decreased volume.?°

Several MRI studies of the corpus callosum were performed
in individuals with autism. Egaas et al., found that the area of
the caudal third of the corpus callosum was reduced in subjects
with autism compared to healthy controls.?® This result was
confirmed by subsequent studies.!”?* In one of these studies
the authors measured the size of the corpus callosum of a
sample of autistic individuals and compared these measures
to the ones of mentally retarded non-autistic subjects.1023.25

The lack of replication of localized brain anomalies in autism
using quantitative MRI may be attributed to some design
methodological limitations. These limitations concern, for
example, the inclusion of individuals with various 1Q levels,
older age range and comorbid epileptic syndromes. Moreover,
classical MRI morphometric techniques are based upon region
of interest type metrics, what makes these techniques
inherently subjective and operator-dependent.

Recently, quantitative structural imaging studies have greatly
benefited from both new technologies for data acquisition and
new approaches to image analysis. These upgraded methods
are also more adequate to the study of complex neocortical
abnormalities that may underlie autism. Some very recent results
are very promising. Using parametric mesh-based analytic
techniques in order to create a three-dimensional model of the
cerebral cortex and detailed maps of 22 major sulci in stereotaxic
space, Levit et al.?® showed significant differences of cortical
sulcal patterns in children with autism. These differences were
mainly situated in the frontal and temporal sulci.

New whole brain analysis methods have also intensely
improved during the last years. Voxel based morphometry
(VBM), which is a fully automated technique, provides a voxel-
wise assessment of regional grey and white matter
abnormalities in the whole brain without a priori hypothesis
about their localization.?” This whole-brain imaging technique
enables detection of subtle changes in grey and white matter
on a voxel-wise basis between two groups and can provide
helpful insights about gray and white matter distribution in
autism. Since its publication VBM has generated substantial
methodological improvements. A pioneer study in high-
functioning adults with autism using VBM was published in
1999 by Abell et al. showing fronto-temporal gray matter
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abnormalities.?® We performed an anatomical MRI study using
optimized whole-brain VBM. In this study, high-resolution
3-D T1-weighted MRI datasets were acquired from 21 children
with primary autism (mean age 9.3 = 2.2 years) and 12
healthy control children (mean age 10.8 = 2.7 years). By
comparing data from autistic children to data from normal
children, we found significant decreases of grey matter
concentration located bilaterally in the superior temporal sulcus
(STS) (p < 0.05 corrected, small volume correction)?® (Figu-
re 1). It is remarkable that bilateral temporal abnormalities
found in autistic children have been replicated in three
independent MRI, PET®® and SPECT studies.*!

2. Functional brain imaging and autism

1) Functional imaging at rest

Changes in glucose metabolism and CBF reflect changes in
the synaptic functional activity. It has been shown that neurons
increase their utilization of glucose in direct proportion to their
activity. In addition, in normal conditions, the rate of glucose
utilization is coupled to CBF.

The first functional studies concerned mainly “primary” or
“non syndromic” autism, i.e., excluded patients with identifiable
neurological syndromes, seizures or focal signs. In the end of
the 80, due to technical difficulties, the studies have evaluated
adult subjects. In these studies, the authors reported rest ce-
rebral glucose utilization (CMRglu) rates measured with PET
and 18F-fluorodeoxyglucose (FDG). Normal or near normal
regional brain metabolism was observed in adult autistic
patients.3%34 The first PET study performed in autistic children
was described by DeVolder et al. in 1987, but results were
compared to adult controls. They found also normal rates and
regional distribution of brain glucose metabolism.3®

In our laboratory we have measured regional CBF (rCBF) with
SPECT in primary autistic children and found no evidence of localized
brain cortical dysfunction.® The lack of focal rCBF abnormalities in
autistic children was also confirmed by Chiron et al.3’

These negative results may be explained by some
methodological limitations. All studies were performed with
low spatial resolution cameras (20 mm). In addition, images
were analyzed with the region-of-interest method, which only
allowed analysis of large cerebral regions. Thus, well-situated
brain abnormalities in autism may have been overlooked with
first-generation functional brain imaging techniques.

Some studies were performed in secondary autism (autism
associated with a neurological disease). In these studies,
functional abnormalities were detected. In autistic subjects
with epilepsy, for example, SPECT studies detected fronto- tem-
poral®® and temporo-parietal hypoperfusion.=?

Recently, in PET and SPECT studies localized bilateral ~ tem-
poral hypoperfusion in children with autism has been described.3*
31 Specifically, hypoperfusion was found at rest and centered in
the STS and superior temporal gyrus. High-resolution functional
imaging and whole brain VBM analysis (Statistical Parametric
Mapping software) were used in these studies.*® Autistic and
control groups were matched for age and developmental quotients.
Children with idiopathic mental retardation constituted control
groups so the findings could not be attributed to the mental
retardation. These results are represented in the Figure 1.

Temporal Abnormalities in Autism

MRI

PET

SPECT

Figure 1 - Convergent anatomical and functional temporal lobe
anomalies in children with primary autism

Top: SPM glass brain represents the superior temporal regions where
autistic children had a significant decrease of grey matter
concentration.

Middle and bottom: The same region had a significant decrease of
regional cerebral blood flow measured with PET’' and SPECT."

Zilbovicius et al. performed an individual analysis of their
data comparing each autistic child to the control group. They
detected individually a significant temporal hypoperfusion in
16 of the 21 autistic children (77%). In addition, a replication
study was performed in an additional group composed of 12
autistic children. This study confirmed both group and indivi-
dual results. Thus, the bitemporal hypoperfusion has been
confirmed in 3 independent groups of autistic children and
represents the first robust evidence for temporal lobe
dysfunction in school-aged children with autism.

We have also recently performed a correlation analysis in
order to investigate a putative relationship between regional
rest CBF and the clinical profile of 45 autistic children. Autistic
behavior was evaluated with the Autism Diagnosis Interview
(ADI-R). Significant negative correlation was observed between
rest CBF in the left superior temporal gyrus and the ADI-R
score. The higher the ADI-R score, the more severe the autistic
syndrome and the lower the rest CBF in the left temporal region.

The temporal regions dysfunction may be implicated in
almost every clinical symptoms (perceptive, emotional and
cognitive deficit) observed in autism. In addition, temporal
associative regions are highly connected with the frontal,
parietal and limbic associative sensory systems.*!

Consequently, the dysfunction of the STS may also explain
the emotional and cognitive components of autism.

Temporal lobe is thought to be central to the processing of
numerous environmental signals that enter the nervous system
through visual and auditory sense organs. The temporal lobe
is also critical in order to process these signals into structured
patterns of neural activity forming the experiences that bring
meaning to the world around us.#?

The STS is increasingly recognized as a key component of
the “social brain”.#* Neuroimaging studies in normal subjects
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and single-cell recordings in monkeys have emphasized the
role of this structure in the processing of biological movements
(movements of the eyes, mouth, hands and body) and in social
perception.**44 Such processing may be a prerequisite for higher-
level appreciation of the minds of others and is part of a larger
cognitive domain referred to as ‘theory of mind’ or social
cognition, which is severely impaired in autism.®4> Children
with autism also have deficits in the perception of eye gaze,
poor eye contact during communication and difficulties accessing
information to infer the mental state of others.%®

Furthermore, there is evidence that the STS is implicated in
successful imitation?” and in human voice perception.*® These
are essential skills for interpersonal communication and are
critically impaired in very young autistic children.*

The finding of bilateral temporal hypoperfusion extended to
primary autism previous results suggesting a link between tem-
poral lobe dysfunction and autistic behavior in children with
neurological disorders. Autistic behavior has been reported in
clinical temporal lobe pathology, such as epilepsy and herpes
simplex encephalitis. In addition, recent neuroimaging studies
have shown an association between temporal lobe abnormalities
and the occurrence of syndromic autism. In children with
infantile spasms, an early bilateral temporal hypometabolism is
strongly associated with later emergence of an autistic-like
disorder.%° In children with tuber sclerosis, there is a strong
association between temporal lobe tubers detected by MRI and
autistic syndrome.®! In summary, behavioral, lesional, and up
to date functional brain imaging studies at rest suggest a link
between temporal lobe dysfunction and autistic behavior.

2) Functional brain imaging during cortical activation

The activation studies measure local changes of CBF or blood
oxygenation. These factors reflect the variation of synaptic
activity during sensorial, cognitive or motor paradigms. The
PET, SPECT or fMRI studies realized in autism suggest that
autistic subjects activated different brain regions than controls
indicating a singular configuration of their cerebral circuits.

Auditory stimulation studies

The first SPECT activation study performed in autistic children
was realized in our laboratory. Since autistic children have
inadequate reaction to sensorial stimuli, especially in the
auditory domain, we looked for an abnormal cortical activation
during auditory stimuli (simple non verbal sounds). As
predicted, the cortical response was abnormal in the autistic
group compared to the non-autistic group. The autistic children
activated the right posterior associative cortex unlike the control
group who activated the left side.®

Similarly, Muller et al have studied 5 high-functioning autistic
males and 5 normal adults using PET during verbal and
non-verbal sounds listening. The autistic group compared to
the control group showed a right hemispheric dominance
during verbal auditory stimulation.%®

More recently, auditory activation PET studies were performed
in adults and children with autism during passive listening to
speech-like stimuli. Sounds were composed by spectral motion
(SM), i.e.: a change in time of acoustic energy maxima
frequencies. SM is a crucial component of speech. Both children
and adults with autism showed less activation of left temporal
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word processing network compared to age-matched controls.%4%%

These findings suggest that autism is associated with an
abnormal pattern of auditory activation of the left temporal
cortex. Because the left temporal region is involved in brain
organization for language, this abnormal left hemisphere
activation could be implicated in autism language impairments
and inadequate behavioral response to sounds.

Social perception and mentalizing studies

1. Face perception

Functional neuroimaging studies performed in normal
volunteers have showed the presence of a area in the fusiform
gyrus (FG) that is more strongly activated during face perception
than during perception of any other class of visual stimuli.®¢-7
This area is known as the fusiform face area (FFA).5” Schultz
et al. were the first to use fMRI to study face perception in
autistic persons. They found in 14 high functioning individuals
with autism or Asperger syndrome a significantly less activation
of the middle aspect of the right FG compared to controls.®®

Hypoactivation of the FFA in autism was replicated in a series
of functional studies.®*%? Critchley et al. investigated whether
or not high functioning people with autistic disorder showed a
different pattern of cortical activation when processing facial
expressions.® Nine autistic adults and 9 age-matched controls
were asked to perform explicit (conscious) and implicit
(unconscious) identification of emotional facial expressions.
Autistics differed significantly from controls in the activation
of the cerebellum, the mesolimbic and temporal lobe cortical
regions when observing facial expressions (consciously as well
as unconsciously). Notably, they didn’t activate the FFA when
explicitly appraising expressions. Pierce et al. also used an
active perceptual task involving gender discrimination of
neutral faces in a sample of six adults with autism and found
reduced FFA activation.®® Hubl et al. showed also FFA
hypoactivation in seven adult males with autism using both a
gender discrimination and a neutral versus expressive
discrimination task.%? Hall et al used PET in a group of eight
high functioning males with autism as compared to eight
healthy male controls during an emotion recognition task and
also showed hypoactivation of the FFA.6' However, two recent
studies using different strategies for faces presentation failed
to find hypoactivation of FFA in autism.?563

2. Voice perception

Recent results with fMRI point out the absence of activation
of the voice selective area (VSA) in autism similarly to previous
functional data that highlighted the absence of normal face
processing in autism.®* In the auditory domain, voice is, as
face, at the epicenter of human social interactions. Voice can
be thought of as an “auditory face”. Like face, each voice
contains in its acoustic structure a lot of information about
the speaker’s identity and his emotional state, which we
perceive easily. A recent fMRI study identified in normal adults
that the VSA is located bilaterally along the upper bank of the
STS, confirming previous data showing that the human brain
contains regions that are strongly selective to human voice.*®
As proposed by Belin et al., this cortical area can be considered
as the equivalent to the FFA in the visual cortex.
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Gervais et al., found significant differences in the pattern of
brain activation during voice perception among individuals with
autism compared to normal controls. In normal controls, listening
to voice compared to non-voice sounds significantly activated
the VSA (Figure 2). Such VSA activation has been observed in
both group and individual analysis. In one study of our group,
in accord with our hypothesis, voice perception in autistic group
did not yielded activation of any specific brain region compared
to non-voice sound perception. In the autistic group listening
to voice and to non-voice sounds activated the same brain
regions. In addition, conversely to individual data obtained in
controls, all but one autistic subject did not activated the VSA.
The absence of activation of the VSA in autistic was also
confirmed by a direct comparison of the two groups’ activation
maps. These studies allow us to highlight an abnormal cortical
processing during voice perception in autistic patients.

Figure 2 - Abnormal cortical voice processing in autism

Location of activation peaks for the contrast ‘voice' versus ‘non-voice’
in each group (controls and individuals with autism) is shown in frontal
and lateral view of both hemispheres.

Combining the results of abnormal voice perception with
previous results in autism which showed no FFA activation
during face perception, we may explain why autistic subjects
are known to have difficulties to perceive socially meaningful
stimuli. Well then, those data provide new outlook in autism’s
understanding, stating a deficit in socially relevant stimuli’s
perception, called “Social perception”. And thus, it could able
us to develop new physiotherapy approach, focusing on face
and voice perception, in order to lead to a specific and normally
innate processing of these stimuli.

Mentalizing tasks

Happé et al. performed a water-labeled PET study to test the
ability to recognize mental states of others (theory of mind)
that is severely impaired in autistic individuals.®® They compared
normal volunteers and 5 patients with Asperger syndrome, a
mild variant of autism with normal intellectual functioning.
While listening a story that implicated a theory of mind
reasoning, normal subjects activated the left medial prefrontal
cortex area 8 of Brodmann. The Asperger patients didn‘t activate

this left medial prefrontal cortex but an adjacent region area
9/10 of Brodmann. These results suggest that the autistic
subjects have an abnormal activation pattern during a cognitive
task. This study corroborates with the cognitivist theory and
suggests a dysfunction of the brain system that underlies the
normal understanding of others’ minds in autism.®®

Baron-Cohen et al. have tested the social intelligence (theory
of mind) of autistic adults.®® The cerebral activation of 6 autistic
men and 12 healthy volunteers was compared during 2 tasks:
1) visual presentations of photographs of eyes and subjects
were asked to indicate whether each stimulus was a man or
a woman; 2) identical visual presentations but subjects were
asked to describe the mental state of the photographed person
(test the theory of mind). In normal subjects, the theory of
mind test activated two main brain systems: 1) fronto-tempo-
ral neocortical regions, comprising left dorsolateral prefrontal
cortex, the left medial frontal cortex, supplementary area and
bilateral temporo-parietal regions including middle and supe-
rior temporal gyri 2) non neocortical areas, including the left
amygdala, the left hippocampus gyrus, the bilateral insula,
and the left striatum. The autism group activated less
extensively the frontal components than the control group and
did not activate the amygdala. This study’s results suggest that
mental state concepts are also processed in the amygdala when
the task involves inferring mental states from eyes and that
there is an amygdala dysfunction in autism.

Castelli et al. have studied with PET the cortical activation
enhanced by animation of geometric figures.®” The animations
depicted two triangles moving about on a screen in three
different conditions: moving randomly, moving in a goal-directed
fashion (chasing, fighting), and moving interactively with
implied intentions (coaxing, tricking). The last condition
frequently elicits descriptions in terms of mental states that
viewers attribute to the triangles (mentalizing). Ten able adults
with autism or Asperger syndrome and 10 normal volunteers
were PET-scanned while watching animated sequences. The
autism group gave fewer and less accurate descriptions of
mentalizing animations, but equally accurate descriptions of
the other animations compared with controls. While viewing
animations that elicited mentalizing, in contrast to randomly
moving shapes, the normal group showed increased activation
in a previously identified mentalizing network (medial prefrontal
cortex, STS at the temporo-parietal junction and temporal
poles). The autism group showed less activation than the nor-
mal group in all these regions. However, one additional region,
extrastriate cortex, which was highly active when watching
animations that elicited mentalizing, showed the same amount
of increased activation in both groups. In the autism group
this extrastriate region showed reduced functional connectivity
with the STS, which is associated with the processing of
biological motion as well as with mentalizing.

More recently, Pelphrey et al. also found in autistic adults
an abnormal STS activation in an eye gaze perception task.5®
On congruent trials, subjects watched as a virtual actor
looked towards a checkerboard that appeared in her visual
field, confirming the subject’s expectation regarding what
the actor ‘ought to do’ in this context. On incongruent trials,
the virtual actor looked towards empty space, violating the
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subject’s expectation. In normal subjects incongruent trials
evoked more activity in the STS and other brain regions
linked to social cognition, indicating a strong effect of
intention. The same brain regions were activated during
observation of gaze shifts in subjects with autism, but did
not differentiate congruent and incongruent trials, indicating
that the activity in these regions was not modulated by the
context of the perceived gaze shift. These results indicate a
difference in the response of brain regions underlying eye
gaze processing in autism. The authors suggest that lack of
modulation of the STS region by gaze shifts that convey
different intentions contributes to the eye gaze processing
deficits associated with autism.

Functional brain imaging has been used for the study of some
extraordinary autistic cases (autistic savant). For example, a PET
activation study was performed in one autistic adult who has an
extraordinary capacity to associate a date to the corresponding
day of the week. During the activation task the subject was asked
to perform these associations (when asking which day of the
week was 29 march 1996, he answered Wednesday). This task
activated regions that are usually implicated in verbal memory —
left hippocampus and left fronto-temporal regions.®®

In a different strategy, using paradigms that autistics normally
perform well or better than normal, Ring and Baron-Cohen
tested for a visual search (embedded figure test).”® Normal
controls activated prefrontal cortical areas that were not recruited
in the group with autism. However, subjects with autism
demonstrated greater activation of ventral occipito-temporal
regions. This study suggests that autistic subjects activate
different brain regions and that differences in the patterns of
regional activation could support distinct models of cerebral
processing, underlying embedded figure task performance in
the two groups. These differences in functional anatomy
suggested that the cognitive strategy adopted by the two groups
is different: the normal strategy invoked a greater contribution
from working memory systems, while the autistic group strategy
depends on an abnormally large extension of visual systems
for object feature analysis.

Conclusion

Three independent studies have found anatomical and rest
functional abnormalities in the temporal lobes of autistic
subjects. These anomalies are localized in the STS bilaterally.
STS regions are critical for perception of key social stimuli
such as biological motion, gaze direction, gesture and facial
displays of emotion and are highly connected with other parts
of the “social brain” such as the FG and amygdala. All these
areas are hypoactive in autism during tasks requiring social
cognition suggesting an abnormal functioning of the entire
social brain network. This abnormal activation of the social
brain involves areas implied in face and voice perception as
well as in higher-order social tasks such as making judgments
or inferences about social information. Failure to perceive so-
cial material could underlie the difficulties in extracting men-
tal states from social material (i.e. impairment in theory of
mind tasks), which suggests that social communication
impairment in autism could be based on abnormal perceptual
processing of socially relevant information.
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Finally, recent brain imaging studies revealed that abnormal
brain perception and processing of social stimuli underlie so-
cial impairment in autism. The understanding of such crucial
abnormal mechanism may drive the elaboration of new and
more adequate social re-educative strategies in autism.

References

1.  American Psychiatric Association. Diagnostic and statistical manu-
al of mental disorders. DSM-IV. Washington, DC: American
Psychiatric Press; 1994.

2. Kanner L. Autistic disturbances of affective contact. Nerv Child.
1943;2:217-50(Acta Paedopsychiatr. 1968;35(4):100-36)

3. Gillberg C, Coleman M. The biology of autistic syndromes. London,
UK: McKeith Press; 2000. p. 4-38.

4.  Gillberg C, Coleman M. Autism and medical disorders: a review of
the literature. Dev Med Child Neurol. 1996;38(3):191-202.

5.  Fombonne E. The epidemiology of autism: a review. Psychol Med.
1999;29(4):769-86.

6. Fombonne E. Epidemiological trends in rates of autism. Mol
Psychiatry. 2002;7(Suppl 2):S4-6.

Fombonne E. The prevalence of autism. JAMA. 2003;289(1):87-9.
Frith Uta. Autism explaining the enigma; 2nd ed.Oxford, UK:
Blackwell Publishers; 2005.

9. Rapin |, Katzman R. Neurobiology of autism. Ann Neurol.
1998;43(1):7-14.

10. Cody H, Pelphrey K, Piven J. Structural and functional magnetic resonance
imaging of autism. Int J Dev Neurosci. 2002;20(3-5):421-38.

11. Courchesne E, Karns CM, Davis HR, Ziccardi R, Carper RA, Tigue
ZD, Chisum HJ, Moses P, Pierce K, Lord C, Lincoln AJ, Pizzo S,
Schreibman L, Haas RH, Akshoomoff NA, Courchesne RY. Unusual
brain growth patterns in early life in patients with autistic disorder:
an MRI study. Neurology. 2001;57(2):245-54.

12. Piven J, Arndt S, Bailey J, Havercamp S, Andreasen NC, Palmer P.
An MRI study of brain size in autism. Am J Psychiatry.
1995;152(8):1145-9.

13. PivenJ, Nehme E, Simon J, Barta P, Pearlson G, Folstein SE. Magnetic
resonance imaging in autism: measurement of the cerebellum, pons,
and fourth ventricle. Biol Psychiatry. 1992;31(5):491-504.

14. PivenJ, Arndt S, Bailey J, Andreasen N. Regional brain enlargement
in autism: a magnetic resonance imaging study. J Am Acad Child
Adolesc Psychiatry. 1996;35(4):530-6.

15. Sparks BF, Friedman SD, Shaw DW, Aylward EH, Echelard D, Artru
AA, Maravilla KR, Giedd JN, Munson J, Dawson G, Dager SR. Brain
structural abnormalities in young children with autism spectrum
disorder. Neurology. 2002;59(2):184-92.

16. Courchesne E, Yeung-Courchesne R, Press GA, Hesselink JR,
Jernigan TL. Hypoplasia of cerebellar vermal lobules VI and VIl in
autism. N Engl J Med. 1988;318(21):1349-54.

17. Piven J, Saliba K, Bailey J, Arndt S. An MRI study of autism: the
cerebellum revisited. Neurology. 1997;49(2):546-51.

18. Howard MA, Cowell PE, Boucher J, Broks P, Mayes A, Farrant A, Roberts
N. Convergent neuroanatomical and behavioural evidence of an amygdala
hypothesis of autism. Neuroreport. 2000;11(13):2931-5.

19. Aylward EH, Minshew NJ, Goldstein G, Honeycutt NA, Augustine
AM, Yates KO, Barta PE, Pearlson GD. MRI volumes of amygdala and



Neuroimaging in autism S27

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

hippocampus in non-mentally retarded autistic adolescents and
adults. Neurology. 1999;53(9):2145-50.

Haznedar MM, Buchsbaum MS, Wei TC, Hof PR, Cartwright C,
Bienstock CA, Hollander E. Limbic circuitry in patients with autism
spectrum disorders studied with positron emission tomography and
magnetic  resonance imaging. Am J  Psychiatry.
2000;157(12):1994-2001.

Piven J, Bailey J, Ranson BJ, Arndt S. No difference in hippocampus
volume detected on magnetic resonance imaging in autistic
individuals. J Autism Dev Disord. 1998;28(2):105-10. Erratum
in: J Autism Dev Disord. 1998;28(3):271.

Saitoh O, Courchesne E, Egaas B, Lincoln AJ, Schreibman L. Cross-
sectional area of the posterior hippocampus in autistic patients with
cerebellar and corpus callosum abnormalities. Neurology.
1995;45(2):317-24.

Egaas B, Courchesne E, Saitoh O. Reduced size of corpus callosum
in autism. Arch Neurol. 1995;52(8):794-801.

Manes F, Piven J, Vrancic D, Nanclares V, Plebst C, Starkstein SE.
An MRI study of the corpus callosum and cerebellum in mentally
retarded autistic individuals. J Neuropsychiatry Clin Neurosci.
1999;11(4):470-4.

Pierce K, Haist F, Sedaghat F, Courchesne E. The brain response to
personally familiar faces in autism: findings of fusiform activity and
beyond. Brain. 2004;127(Pt 12):2703-16.

Levitt JG, Blanton RE, Smalley S, Thompson PM, Guthrie D,
McCracken JT, Sadoun T, Heinichen L, Toga AW. Cortical sulcal
maps in autism. Cereb Cortex. 2003;13(7):728-35.

Ashburner J, Friston KJ. Voxel-based morphometry—the methods.
Neuroimage. 2000;11(6Pt1):805-21.

Abell F, Krams M, Ashburner J, Passingham R, Friston K, Frackowiak
R, Happe F, Frith C, Frith U. The neuroanatomy of autism: a voxel-
based whole brain analysis of structural scans. Neuroreport.
1999;10(8):1647-51.

Boddaert N, Chabane N, Gervais H, Good CD, Bourgeois M, Plumet
MH, Barthelemy C, Mouren MC, Artiges E, Samson Y, Brunelle F,
Frackowiak RS, Zilbovicius M. Superior temporal sulcus anatomical
abnormalities in childhood autism: a voxel-based morphometry MRI
study. Neuroimage. 2004;23(1):364-9.

Zilbovicius M, Boddaert N, Belin P, Poline JB, Remy P, Mangin JF,
Thivard L, Barthelemy C, Samson Y. Temporal lobe dysfunction in
childhood autism: a PET study. Positron emission tomography. Am
J Psychiatry. 2000;157(12):1988-93.

Ohnishi T, Matsuda H, Hashimoto T, Kunihiro T, Nishikawa M,
Uema T, Sasaki M. Abnormal regional cerebral blood flow in childhood
autism. Brain. 2000;123(Pt 9):1838-44.

Herold S, Frackowiak RS, Le Couter A, Rutter M, Howlin P. Cerebral
blood flow and metabolism of oxygen and glucose in young autistic
adults. Psychol Med. 1988;18(4):823-31.

Horwitz B., Rumsey JM, Grady CL, Rapoport SI. The cerebral
metabolic landscape in autism. Intercorrelations of regional glucose
utilization. Arch Neurol. 1988;45(7):749-55.

Rumsey JM, Duara R, Grady C, Rapoport JL, Margolin RA, Rapoport
SI, Cutler NR. Brain metabolism in autism. Resting cerebral glucose
utilization rates as measured with positron emission tomography.
Arch Gen Psychiatry. 1985;42(5):448-55.

De Volder A, Bol A, Michel C, Congneau M, Goffinet AM. Brain
glucose metabolism in children with the autistic syndrome: positron
tomography analysis. Brain Dev. 1987;9(6):581-7.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Zilbovicius M, Garreau B, Tzourio N, Mazoyer B, Bruck B, Martinot
JL, Raynaud C, Samson Y, Syrota A, Lelord G. Regional cerebral
blood flow in childhood autism: a SPECT study. Am J Psychiatry.
1992;149(7):924-30.

Chiron C, Leboyer M, Leon F, Jambaque I, Nuttin C, Syrota A.
SPECT of the brain in childhood autism: evidence for a lack of
normal hemispheric asymmetry. Dev Med Child Neurol.
1995;37(10):849-60.

Gillberg C, Bjure J, Vestersen E, Gillbreg C. SPECT in 31 children
and adolescents with autism and autistic-like conditions. European
Child Adolesc Psychiatry. 1993;2:50-9.

Mountz JM, Tolbert LC, Lill DW, Katholi CR, Liu HG. Functional
deficits in autistic disorder: characterization by technetium-99m-
HMPAO and SPECT. J Nucl Med. 1955;36(7):1156-62.

Friston KJ. Statistical parametric maps in functional imaging:
a general linear approach. Human Brain Mapping.
1955;2:189-210.

Pandya DN, Yeterian EH. Architecture and connections of cortical
association areas. In: Cerebral Cortex. Peters A, Jones EG, editors.
New York, London: Plenum Press; 1985. p. 3-61.

Gloor P. The temporal lobe and limbic system. New York: Oxford; 1997.
Allison T, Puce A, McCarthy G. Social perception from visual cues:
role of the STS region. Trends Cogn Sci. 2000;4(7):267-78.
Blakemore SJ, Decety J. From the perception of action to the
understanding of intention. Nat Rev Neurosci. 2001;2(8):561-7.
Baron-Cohen S, Leslie AM, Frith U. Does the autistic child have a
“theory of mind”? Cognition. 1985;21(1):37-46.

Klin A, Jones W, Schultz R, Volkmar F. The enactive mind, or from
actions to cognition: lessons from autism. Philos Trans R Soc Lond
B Biol Sci. 2003;358(1430):345-60.

Rizzolatti G, Fogassi L, Gallese V. Neurophysiological mechanisms
underlying the understanding and imitation of action. Nat Rev
Neurosci. 2001;2(9):661-70.

Belin P, Zatorre RJ, Lafaille P, Ahad P, Pike B. Voice-selective areas
in human auditory cortex. Nature. 2000,403(6767):309-12.
Rapin |. Autism. N Engl J Med. 1997,;337(2):97-104.

Chugani HT, Da Silva E, Chugani DC. Infantile spasms: Ill. Prognostic
implications of bitemporal hypometabolism on positron emission
tomography. Ann Neurol. 1996;39(5):643-9.

Bolton PF, Griffiths PD. Association of tuberous sclerosis of temporal
lobes with autism and atypical autism. Lancet.
1997;349(9049):392-5.

Garreau B, Zilbovicius M, Guerin P, Samson VY, Syrota A, Lelord G.
Effects of auditory stimulation on regional cerebral blood flow in
autistic children. Dev Brain Dysfunction. 1994;7:119-28.
Muller RA, Behen ME, Rothermel RD, Chugani DC, Muzik O, Mangner
TJ, Chugani HT. Brain mapping of language and auditory perception
in high-functioning autistic adults: a PET study. J Autism Dev Disord.
1999;29(1):19-31.

Boddaert N, Belin P, Chabane N, Poline JB, Barthelemy C, Mouren-
Simeoni MC, Brunelle F, Samson Y, Zilbovicius M. Perception of
complex sounds: abnormal pattern of cortical activation in autism.
Am J Psychiatry. 2003;160(11):2057-60.

Boddaert N, Chabane C, Belin P, Bourgeois M, Royer V, Barthelemy
C, Mouren-Simeoni MC, Philippe A, Brunelle F, Samson Y, Zilbovicius
M. Perception of complex sounds in autism: abnormal auditory
cortical processing in children. Am J Psychiatry.
2004;161(11):2117-20.

Rev Bras Psiquiatr. 2006;28(Supl 1):S21-8



S$28 Zilbovicius M et al.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Haxby JV, Hoffman EA, Gobbini MI. The distributed human
neural system for face perception. Trends Cogn Sci.
2000;4(6):223-33.

Kanwisher N, McDermott J, Chun MM. The fusiform face area: a
module in human extrastriate cortex specialized for face perception.
J Neurosci. 1997;17(11):4302-11.

Schultz RT, Gauthier I, Klin A, Fulbright RK, Anderson AW, Volkmar
F, Skudlarski P, Lacadie C, Cohen DJ, Gore JC. Abnormal ventral
temporal cortical activity during face discrimination among
individuals with autism and Asperger syndrome. Arch Gen
Psychiatry. 2000;57(4):331-40.

Critchley HD, Daly EM, Bullmore ET, Williams SC, Van Amelsvoort
T, Robertson DM, Rowe A, Phillips M, McAlonan G, Howlin P, Murphy
DG. The functional neuroanatomy of social behaviour: changes in
cerebral blood flow when people with autistic disorder process facial
expressions. Brain. 2000;123(Pt11):2203-12.

Pierce K, Muller RA, Ambrose J, Allen G, Courchesne E. Face
processing occurs outside the fusiform ‘face area’ in autism: evidence
from functional MRI. Brain. 2001;124(Pt 10):2059-73.

Hall GB, Szechtman H, Nahmias C. Enhanced salience and emotion
recognition in Autism: a PET study. Am J Psychiatry.
2003;160(8):1439-41.

Hubl D, Bolte S, Feineis-Matthews S, Lanfermann H, Federspiel A,
Strik W, Poustka F, Dierks T. Functional imbalance of visual pathways
indicates alternative face processing strategies in autism. Neurology.
2003;61(9):1232-7.

Hadjikhani N, Joseph RM, Snyder J, Chabris CF, Clark J, Steele S,
McGrath L, Vangel M, Aharon |, Feczko E, Harris GJ, Tager-Flusberg
H. Activation of the fusiform gyrus when individuals with autism
spectrum disorder view faces. Neuroimage. 2004;22(3):1141-50.
Gervais H, Belin P, Boddaert N, Leboyer M, Coez A, Sfaello I,
Barthelemy C, Brunelle F, Samson Y, Zilbovicius M. Abnormal cortical
voice processing in autism. Nat Neurosci. 2004;7(8):801-2.
Happe F, Ehlers S, Fletcher P, Frith U, Johansson M, Gillberg C, Dolan R,
Frackowiak R, Frith C. ;Theory of mind‘ in the brain. Evidence from a PET
scan study of Asperger syndrome. Neuroreport. 1996;8(1):197-201.
Baron-Cohen S, Ring HA, Wheelwright S, Bullmore ET, Brammer MJ,
Simmons A, Williams SC. Social intelligence in the normal and autistic
brain: an fMRI study. Eur J Neurosci. 1999;11(6):1891-8.
Castelli F, Frith C, Happe F, Frith U. Autism, Asperger syndrome and
brain mechanisms for the attribution of mental states to animated
shapes. Brain. 2002;125(Pt8):1839-49.

Pelphrey KA, Morris JP, McCarthy G. Neural basis of eye gaze
processing deficits in autism. Brain. 2005;128(Pt 5):1038-48.
Boddaert N, Barthelemy C, Poline JB, Samson Y, Brunelle F,
Zilbovicius M. Autism: functional brain mapping of exceptional
calendar capacity. Br J Psychiatry. 2005;187:83-6.

Ring HA, Baron-Cohen S, Wheelwright S, Williams SC, Brammer
M, Andrew C, Bullmore ET. Cerebral correlates of preserved cognitive
skills in autism: a functional MRI study of embedded figures task
performance. Brain. 1999;122(Pt7):1305-15

Rev Bras Psiquiatr. 2006;28(Supl 1):S21-8



