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Introduction. This study performs a review of the last stu-
dies in the field of neuropathology and neuroimaging of autism.

Method. A search was done in Medline for articles on
neuropathology and neuroimaging in autism and the most rel-
evant articles of the last 10 years up to date were selected.

Results. The existence of structural abnormalities in the
brain of patients with autism, affecting different brain
structures such as the cerebellum, limbic system, frontal
and temporal cortexes, corpus callosum and basal ganglia
seems to be demonstrated.

Conclusion. The alterations found with the neuroima-
ging techniques are identified in the different brain struc-
tures. At present, there is almost generalized thinking that
brain alterations in autism are not limited to a single brain
area but involve different structures within a globally af-
fected neuronal network. Future studies will allow us to in-
crease knowledge on this disorder's pathophysiology.
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Neurobiologia del autismo: estudio
de neuropatologia y neuroimagen

Introduccion. El presente trabajo realiza una revi-
sién de los ultimos estudios en el campo de la neuropa-
tologia y neuroimagen del autismo.

Método. Busqueda en Medline de los articulos de
neuropatologia y neuroimagen en autismo y seleccion de
los articulos mas relevantes de los ultimos 10 afios hasta
la actualidad.

Resultados. Parece demostrada la existencia de ano-
malias estructurales en los cerebros de pacientes con
autismo afectando a diversas estructuras cerebrales co-
mo el cerebelo, sistema limbico, cortezas frontal y tem-
poral, cuerpo calloso y ganglios basales.
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Conclusion. Las alteraciones encontradas con las téc-
nicas de neuroimagen se identifican a nivel de diferentes
estructuras cerebrales. Actualmente es una idea casi gene-
ralizada que las alteraciones cerebrales en el autismo no
se reducen a una sola area cerebral, sino que envuelven a
distintas estructuras dentro de una red neuronal global-
mente afectada. Futuros estudios nos permitiran aumentar
el conocimiento sobre la patofisiologia de este trastorno.
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INTRODUCTION

Autism is a neurodevelopment disorder characterized by
both quantitative and qualitative disorders in speech and
social communication and a stereotyped pattern in the in-
dividual's interests.

Neurobiological research has contributed to there being
greater knowledge about the neuroanatomical bases of this
clinical entity, with special contribution of structural and
functional neuroimaging techniques.

In this article, after having reviewed the existing litera-
ture in this research field, we have tried to express to the
most relevant findings of neuroimaging and neuropatho-
logy studies of autism.

The results of these studies have contributed to the pre-
sent thinking that the clinical manifestations of autism cor-
respond to brain alterations. However, neuropsychological
and neuroimaging findings indicate that this does not involve
only a singe structure or system altered in this entity, it being
proposed that the primary defect could be in the brain cyto-
architecture, more specifically on the dendritic level.

STUDIES OF CEREBRAL NEUROPATHOLOGY

The first autopsies conducted in brains of subjects with
autism detected a decrease of cerebellum purkinje cells'2.
Given that loss of purkinje cells is a known complication in
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epilepsy and that the subjects analyzed were patients with
epilepsy, the relevance of these cases was doubted.

For the first time, Ritvo et al. found a decrease in the
number of purkinje cells in the vermix and cerebellar hem-
isphere of four patients with autism who did not suffer
epilepsy?. The significant difference between the ages of
the cases and controls in this study made it difficult to ex-
trapolate the findings.

In 1991, Kemper and Bauman*® conducted one of the
most relevant studies on anatomical alterations in autism.
They analyzed the brains of 6 autistic patients, finding the
primary alterations in the limbic system, cerebellum, oliva
inferior. These brains had no gross morphological altera-
tions, however, a decrease in the size of neuronal cells and
an increase in neuronal density in the cerebral amygdala
and other structures of the limbic system were found in
comparison with the brains of the control group.

The presence of densely distributed small neuronal cells
is an anatomopathological pattern observed in early stages
of brain maturation, suggesting a possible alteration of
neuronal maturation in autism.

In all the brains analyzed by the authors, there was also a
decrease of purkinje cells in the cerebellar cortex, which
would suggest a congenital etiology.

Another interesting finding in these autopsies was the
«age-related» changes in cell size and number in the oliva
inferior and cerebellar nuclei. The changes observed with
age suggest a process that began with neuronal hyper-
trophy in childhood and a progressive atrophy and neuronal
loss in adult life.

Increase in brain weight is another finding characteristic
of the neuropathology studies.

Bailey et al.” found greater weight in three of the four
brains of autistic patients in comparison with weight obser-
ved in the brains of the general population. Histologically,
there was no evidence of a decrease in neuronal density,
considering that the weight increase could be at the ex-
pense of an increase in neuron number.

The type of alterations observed in the neuropathological
studies point to a possible alteration in the prenatal stages
of brain development that could continue in development
until adult life®. Maturation alterations are also a finding
observed in individuals with mental retardation. However,
in these cases, on the contrary to autism, the most outstand-
ing changes occur in the brain cortex.

The neuropathological alterations observed in the limbic
system structures in subjects with autism could be transla-
ted into functional deficits in data acquisition and process-
ing, leading to cognition, speech and social interaction dis-
orders, all these observed among the symptoms of autism.

NEUROIMAGING STUDIES

Structural and functional neuroimaging techniques have
helped to contribute greater consistency to the findings
discovered on other research levels.

Considering the findings of the different neurobiological
investigations together, one of the most proposed theories
at present in autism is that of a possible alteration in neu-
rodevelopment in different brain structures.

In structural neuroimaging studies, the finding that
seems to be most specific in autism is increased brain volume.
In a study with MRI, Filipek et al.? detected an increase in
brain volume for the first time in subjects with autism com-
pared with a control group who had speech development
disorders. This finding was subsequently verified by other
groups'® who describe an increase in total brain volume,
brain tissue and volume of lateral ventricles in subjects with
autism.

After analyzing independent brain structures, Piven et al."
found that the increase in total brain volume occurred at
the expense of the volume increase in temporal, parietal
and occipital but not frontal lobes. Therefore, these authors
propose that brain volume enlargement in autism does not
affect all the brain structure but rather certain areas whose
identification could have significant neurobiological impli-
cations.

Enlargement of brain volume seen with structural tech-
niques is consistent with findings of neuropathological
study and brain circumference'?'3, On the other hand, simi-
lar studies performed with subjects having other develop-
ment disorders could not identify an increase in brain vo-
lume between patient groups, pointing to the specificity of
the finding.

Studies conducted with positron emission tomography
(PET)™ 15 show a global pattern of brain metabolism in-
crease in patients with autism, which could indirectly support
the findings reported with structure techniques.

Although brain volume enlargement is one of the pri-
mary relevant findings in brain image studies, subsequent
investigations have focused on identifying specific struc-
tures involved in this entity's pathophysiology. Some of the
most involved structures include the cerebellum, limbic
system and frontal lobe.

Cerebellum

Animal studies'® suggest that the cerebellum could play
a role in the regulation of emotions and thinking. This
structure is involved in the perception and control process
of timing that may be important for the representation of
mental images and anticipation and in speech process-

272 Actas Esp Psiquiatr 2007;35(4):271-276 56



B. Paya Gonzalez, et al.

Neurobiology of autism: neuropathology and neuroimaging studies

ing'7'8, The cerebellum has also been related with control
of attention, specifically in the change of selective atten-
tion between different sensorial and motor modalities'.
Another aspect in which this structure plays an important
role is speed regulation, consistency and adequacy of men-
tal and cognitive process and in the control and integration
of information and motor and sensorial activity?°. Authors
such as Bauman and Kemper?' discuss the role of the cere-
bellum in superior functions and suggest the possibility that
deficits occur in emotions, behavior and learning secondary
to cerebellar lesions.

Alterations in the cerebellum in subjects with autism were
described by Courchesne et al.?2 who described a circums-
cribed hypoplasia in cerebellar vermal lobes VI and VII (neo-
cerebellar) in subjects with autism.

Hashimoto et al.?% subsequently replicate this same find-
ing, but on the contrary to the Courchesne group, the
hypoplasia was not circumscribed to the neocerebellum but
included other cerebellar vermix lobe, brain medulla, pons
and middle brain. This is a finding that points to the theory
of involvement of different structures.

Contrary to these authors and using MRI in 35 patients
with autism, Piven et al.2* found a global increase of cere-
bellar volume with absence of abnormalities in the neocere-
bellum. The increase of cerebellar volume detected was in
the same range as that found in a previous study?® in the
temporal, parietal and occipital lobe, thus suggesting the
idea of a possible alteration in a neuronal network made up
of different brain structures in autism.

The alterations in the cerebellar structures were subject
to debate since the initial finding of cerebellar hypoplasia
could not be replicated by other authors?6?7 and because
the hypoplasia of this structure may appear in subjects with
other neurogenetic syndromes and in children subjected to
chemotherapy and radiotherapy, indicating the non-speci-
ficity of this finding?9:38,

After the controversy of this first hypothesis of cerebellar
hypoplasia in autism, Courchesne et al. proposed the possible
existence of two types of cerebellar patterns in subjects
with autism, some would have hypoplasia and others cere-
bellar hyperplasia®C.

Limbic system

The first studies using pneumoencephalography conduc-
ted in the 1970's®! described a dilation of the left horn of
the lateral ventricle in the temporal lobe in subjects with
autism, postulating the existence of a medial temporal lobe
dysfunction underlying this dilation area.

Limbic structure dysfunction as cause of the symptoms
observed in autism has been supported by different authors

and confirmed in the data obtained in cerebral neuropatho-
logy studies3%33 and in animal studies®4.

In spite of the importance given to the limbic structures
in this disorder's pathogeny, studies with structural neuro-
imaging have failed to demonstrate alterations on this le-
vel®®, However, the normality these structures show in
structural techniques does not necessarily mean that their
function or neuropathology remains intact since studies
that combine functional and structural techniques have
found functional alterations in different brain areas with
normal magnetic resonances®®. In fact, studies with positron
emission tomography have been able to identify anterior
cingulate gyrus volume and metabolism alterations in autis-
tic subjects37-41.

Frontal lobe

The possibility of frontal lobe alterations in autism has
been proposed by several authors*>-45,

In a SPECT study, Zilbovicius*® observed a frontal hypo-
perfusion pattern in a 3-4 year old sample of subjects with
autism, similar to that of normal children at earlier ages.
When another brain SPECT was performed in the same pa-
tient sample three years later, he observed normalization of
the perfusion, a pattern equal to that observed in the con-
trol subjects appearing. These findings suggest the existence
of a delay in postnatal maturation of the frontal lobe in
autism. Delay in frontal maturation could cause functional
alterations of this structure as a consequence and suggest
an abnormal cortical activation or connection.

In some of the previously mentioned structural studies™-3®,
it is interesting to mention that the frontal lobe was the only
structure that conserved its volume intact within a brain that
was globally increased in volume. This finding could mean
that the frontal lobe, in relationship with the global size of
the brain, is precisely the most abnormal structure.

In fact, the frontal alterations have been observed in stu-
dies of functional activation*’#8 that show decreases in the
activation of the prefrontal cortex in subjects with Asperge-
r's syndrome when they are subjected to tests that require
the use of the theory of the mind, cognitive function that is
supposed to be altered in subjects with autism?.

A recent study®® conducted with SPECT that measured
the brain blood flow based on predominant symptoms in
each subject verified alterations in perfusion in the prefron-
tal cortex and anterior cingulate gyrus in autistic subjects
who had symptoms of alterations in communication and
social interaction. In the subjects with a stereotyped pattern
of interests predominating in their symptoms, perfusion al-
terations located in the right middle temporal lobe were
observed. Thus, each one of these sites could have a differ-
ent clinical meaning.
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Corpus callosum

One of the points of interest of the study of this anatomi-
cal structure is found in the fact that the distribution of its fi-
bers reflects topographical models of cortical regions®'. In this
way, certain cortical regions may be mapped with specific sub-
regions of the corpus callosum®2%3, thus supplying informa-
tion on what is occurring on upper cortical levels.

In general, the axons of the anterior cortical regions are
projected into the anterior part of the corpus callosum and
those of the posterior cortical regions are projected into the
posterior part of the corpus callosum. The importance of
these data is found in the fact that the study of the size of
the corpus callosum can be extended to knowledge of the
nature of the pattern of anteroposterior abnormality of the
cortical regions observed in subjects with autism>*.

In 1995, in a study with MRI, Egaas, et al.%® found a de-
crease in corpus callosum size that they interpreted as se-
condary to hypoplasia of parietal lobe. The same alterations
in posterior regions of the corpus callosum are replicated by
the Piven group®® who, on the contrary to the previous
group, observed an increase in volume in posterior brain
structures on the cortical level in subjects with autism. Care-
fully analyzing this finding, it is observed how the direc-
tion that the abnormalities found in the corpus callosum
follow, that is, decrease of volume in anteroposterior direc-
tion, follows the opposite pattern of the alterations of the
cortical structures in which an increase in anteroposterior is
observed in relationship to the frontal lobe that conserves a
normal size. As an explanation to this fact, the authors pro-
posed that the decrease in anteroposterior volume of the
corpus callosum would be relative to the increased cortical
volume produced at the cost of the non-neuronal tissue or by
cortical neurons that do not project their axons to the corpus
callosum. In conclusion, according to these authors, the dif-
ferences found in the corpus callosum size would not be real
but rather an effect produced by a greater cortical volume.

Basal ganglia

Although the interest of the studies on autism has not es-
pecially focused on these anatomical structure, Sears et al.>’
find alterations in the basal ganglia and increased volume of
the caudate nucleus in a sample of 35 subjects with autism
compared with normal controls in age, gender and 1Q.

The size of the caudate nucleus in this sample was corre-
lated with the presence of compulsions and rituals, difficul-
ties with minor change, and complex motor mannerisms.

The same group of investigators replicated these results
again in a second sample, suggesting that the caudate nu-
cleus could form a part of an abnormal neural network in
autism and could be involved in the ritualistic and repetitive
behaviors observed in this disorder.

CONCLUSIONS

The main contribution of neuroimaging studies to the
field of autism is the confirmation of the existence of ab-
normalities in these patients’ brains. These alterations have
been identified in different brain structures, which suggest
that more than there being a single brain area affected, dif-
ferent structures within a hypothetical neuronal network
whose limits and anatomical connections must still be de-
fined would be involved. Recent studies also suggest the pos-
sibility that the altered structures were different based on
the predominant symptoms in the patients.

Another line open in the study of autism is in regards to
the alterations of the function type, among which abnor-
malities of the brain neurotransmission are included. There
are authors®® who have proposed alterations in the normal
process of serotonin synthesis.

Functional neuroimaging studies to detect alterations in
brain development, functional studies of cognitive stimula-
tion and standardization of the methodological criteria will
help to increase knowledge on the pathophysiology of this
disorder in the future.
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