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This book is dedicated to Richmond S. Paine

Richmond S. Paine, M.D., was a giant of pediatric neurology. He formed a large
department of pediatric neurology at the Children’s Hospital of Washington,
D.C., in the early 1960s. Before that, he had been in close touch with those in
Europe—people like André Thomas, Albrecht Peiper, and Ronnie Mac Keith—
who were contributing as pioneers to the field of child neurology. As a teacher,
he was a splendid example of how a professional should be rich with curiosity
yet rigorous about the scientific approach. To study with him was a constant
intellectual adventure; he had the gifts of clarity and patience. To his patients, he
brought the best in diagnosis and treatment. He was gentle with the children and
much appreciated by their parents.

His distinguished teaching attracted students from around the world. Three
of the authors of this book—Mary Coleman, Michele Zappella, and Yoshiko
Nomura—benefited from his creative erudition.

In the case of Mary Coleman, the brilliant teaching of Richmond Paine
changed her planned specialty from adult to pediatric neurology. He also handed
her Bernard Rimland’s book on autism with a recommendation to read it, spark-
ing a lifelong interest in this subject.

Michele Zappella entered the department as a fellow in Neurology. He re-
members how generous Paine was with him: for example, initially, until Zappella
could find a place to live in town, Paine took him into his home for several days
as if he were a son. Subsequently, Paine favored Zappella’s research in all possible
ways, allowing him to write various articles and a book on congenital encepha-
lopathies, the first one written in Italian in which Richmond Paine wrote a good
introduction. He also supported Zappella’s initial interest in child psychiatry and
allowed him to attend the corresponding department in the afternoons. In the
following years, when Zappella began to deal with children with autism, Rich-
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mond’s teaching was the basis upon which it was possible to imagine new sub-
groups and syndromes.

Yoshiko Nomura came to Children’s Hospital of Washington, D.C., with the
dream of learning from Richmond Paine after having been fascinated by his
original works. Although greatly disappointed that he was gone when she arrived,
her learning from the team left behind by Richmond Paine determined her career.
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Preface

“Costumeless consciousness, that is he” said Emily Dickinson (Johnson 1963).
Was she thinking of a child with autism or Asperger syndrome? These beautiful
children may indeed reveal their feelings for all to see; they do share an incom-
petence for being deceitful. But in many other ways, they can be quite different.
Some are gentle and passive while others can become angry or hyperactive; some
are quite clumsy and while others are astonishingly graceful and balanced; some
stun us with their brilliant savant skills even while otherwise functioning at much
lower cognitive levels. Who are these enigmatic children?

To address this and other questions regarding the children who have been
given the diagnosis of autism or Asperger syndrome, this book turns to neuro-
logical analysis. As discussed in chapter 1, autism and Asperger syndrome appear
to be variations of the same neurodevelopmental syndrome, a vast syndrome
with many different etiological factors. Whether all the cases labeled as PDD-
NOS belong inside this huge syndrome, however, is far from clear. Chapter 2
takes a look at the components of the impaired neural networks that might
underlie the presentation of autistic symptoms. Of particular interest is the dys-
function of the cerebellum and its circuits in so many of these children (chapter
3). The neurological signs and symptoms that can be found in children with
autism/Asperger include abnormal cranial circumferences (chapter 4), epilepsy,
changes of muscle tone, stereotypies, and mutism (chapter 5). The appendix
contains a neurological examination form specifically designed for the examina-
tion of patients with autism/Asperger.

The field of autism today is focused on several problem areas. One is whether
autism has been increasing in recent years. The reasons for this perception and
a review of the historical prevalence rates in chapter 6 suggest that autism has
never been a very rare disorder. Another topic of great interest is whether autism
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is reversible. Chapter 7 looks at the natural course of those diseases that have a
transient autistic phase, using Rett syndrome as an example. Chapter 8 then
reviews reports of reversible autistic behavior.

Finally, there is a review of therapies, alternative (chapter 9) and educational/
medical (chapter 10). As discussed in these treatment chapters, many different
therapies fill the landscape of helping the appropriately worried parents of these
children. Parents often are overwhelmed by information. When you have many
medical therapies, often contradictory, two possibilities exist. One is that the
correct therapy for that disease has yet to be identified. The history of medicine
is replete with incidents in which multiple, unsatisfactory therapies are offered
until the single effective treatment for a single disease is discovered. The second
possibility is that there is no such thing as one medical treatment because autism
is not one disease after all but a syndrome, a final, common pathway of many,
many different diseases, each of which may require its own medical therapy. In
such cases, accurate diagnosis must precede therapy.

The authors of this book wish to recognize that the present level of knowledge
about autism has been greatly aided by the heroic parents of children with autism,
who have kept pushing the professionals to do better. What strength so many of
these parents have! Among the parents of children with the autistic syndrome
are the parent professionals, individuals with graduate training in many scientific
fields. There are many such parents; they have organized schools and centers
actively involved in supporting research, as well as seeking better diagnosis and
treatment. When the medical history of autism is written, an unusual historical
development will be noted: that several of the most important and seminal in-
tellectual contributions in the field have been made by the parents of the patients
themselves. One such example is Bernard Rimland, Ph.D., of the United States,
who wrote the first comprehensive book challenging the psychoanalytic theory
that autism was caused by poor mothering (Rimland 1964). He presented the
case for a biological dysfunction of the brain and deduced that autism was a
cognitive dysfunction. He studied the genetic basis of autism by comparing mon-
ozygotic and dizygotic twins. Another such parent professional is Lorna Wing,
Ph.D., of England who made major clinical contributions to both autism (the
triad of social impairment [Wing & Gould 1979], DISCO [Wing et al. 2002])
and Asperger syndrome by helping pull it from the dustbins of medical history
(Wing 1981). She also has done groundbreaking work on catatonia in autism
(Wing & Shah 2000).

The quantity and quality of research into autism has increased dramatically
in the past few years, concomitant with the development of technical advances
in imaging the brain and in molecular genetics; many of the questions posed in
this volume may be better understood soon.
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Chapter 1

Introduction

Mary Coleman and Catalina Betancur

It was 1866 in Londontown. The doctors, coming into their own beside the
surgeons, had begun to classify diseases of the brain and help create the specialty
of neurology. However, many children were hard to classify because they had
something terribly wrong in brain function; they had great difficulty learning and
were called idiots. Idiocy was an epithet, barely a disease entity, and a neglected
one at that. But all that began to change when Dr. John Langdon Down (1866)
published a paper pointing out that children who were classified as idiots and
had enlarged tongues protruding from their mouths did not necessarily all have
the same form of idiocy. They might have had the same major symptom (mental
retardation), be the same age when it became obvious that something was wrong
(usually after 18 months of age), and share a striking feature (the appearance of
macroglossia), but he announced that they did not all have the same disease. Dr.
Langdon Down wrote that one group had mongolism, a name he chose because
of the appearance of the children’s eyelids, and the other group had cretinism, a
disease known today as infant hypothyroidism. This paper ushered in a new era
of medical interest in these children, which also led to more humane care.
Almost a century and a half later, in the twenty-first century, over 2000 dif-
ferent disease entities have been described in which patients have mental retar-
dation. Mental retardation is a series of neurodevelopmental syndromes due to
chromosomal, genetic, infectious, endocrine, and toxic etiologies; in almost all
cases, the disease process is underway prior to birth. Regarding genetic disease,
when mutation of a single gene is both necessary and sufficient to cause disease,
it is called a monogenetic trait; it is now known that over 200 of the mental
retardation diseases are classified as monogenetic diseases (Zechner et al. 2001).
The disease entities of the mental retardation syndromes have been generally
grouped together into two major categories: syndromic and nonsyndromic men-
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tal retardation. These categories refer to syndromes in which there are multiple
congenital anomalies and mental retardation (the MCA/MR syndromes) versus
those syndromes without either major congenital anomalies or facial and other
stigmata.

Does this story have any relevance to autism? The history of autism does not
cover as many years. It was first identified by Leo Kanner in 1943 and thought
to be a single psychiatric disease; he defined it as a behavioral disease entity
beginning when children are very young. A recent study has suggested that autism
may be already underway at the time of birth in almost all the children. In a
study of archived neonatal blood, Nelson and colleagues (2001) found that the
levels of certain neurotrophins and certain neuropeptides were higher in 99% of
the children who were later diagnosed as autistic than they were in control chil-
dren. These molecules were brain-derived neurotrophic factor (BDNF), neuro-
trophin 4/5 (NT4/5), vasoactive intestinal peptide (VIP), and calcitonin gene-
related peptide (CGRP). The study by Nelson and colleagues also found similar
elevations of the neurotrophins and neuropeptides in 97% of children who later
were diagnosed with mental retardation, including those with Down syndrome.
It is of great interest that no measurement distinguished the children with autism
from those with mental retardation, although these measurements did distinguish
them from children who later were diagnosed with cerebral palsy and from normal
controls.

This study suggests that the autistic syndromes, like the mental retardation syn-
dromes, begin prior to birth in the overwhelming number of cases. It adds one
more piece of evidence that autism is a member of the family of neurodevelop-
mental syndromes with maturational disturbances and may be the behavioral
stepsister of the mental retardation syndromes.

In fact, the autistic syndromes share many of the characteristics of the mental
retardation syndromes. Both groups of syndromes begin to impair the brain in
almost all cases during the gestational neurodevelopmental time frame; they are
both present at birth but are not usually clinically apparent. They both have
family histories with inheritance patterns that sweep across the landscape of ge-
netics, from classical Mendelian to maternal inheritance patterns to trinucleotide
repeat disorders to large numbers of sporadic cases. Twin, family, and linkage
data and case histories reveal that the inheritance pattern in autism is very com-
plex (for review, see Folstein & Rosen-Sheidley 2001). Although a percentage of
children in both groups of syndromes develop epilepsy, the autistic syndromes
actually include a higher prevalence of children with seizure disorders than do
the population with severe mental retardation syndromes (Gillberg & Coleman
2000a). Children with autism do not have the same neuropsychological profile
as youngsters classified as retarded; nevertheless, IQ is the single best predictor
of outcome in both syndromes (Gillberg & Coleman 2000b). And, most impor-
tant, the two syndromes overlap in the majority of children who are classified as
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autistic (Jacobson & Janicki 1983; Bryson et al. 1988); in most studies IQ is below
70 in 70% of individuals who are defined as having autism.

THE TIMING OF AUTISM

If autistic traits develop because of neurodevelopmental missteps, when during
gestation does that occur? Neuroembryology is a very complex phenomenon
although neurodevelopment of the brain seems to occur gradually and seamlessly.
Rice and Barone (2000) and many others have noted evidence of critical periods
of vulnerability in the developing nervous system (these periods are topics of
important future research). In the case of autism, data obtained from several
groups of children with autistic characteristics show evidence that the disease
process can be initiated in all three trimesters (Rodier et al. 1996; Coleman 1994;
Yamashita et al. 2003). (There is some postnatal evidence, too [Minshew 1996].)
As evidence from these trimesters is reviewed, one useful way to look at this
neurodevelopmental problem might be to classify the autistic syndromes with the
same general terms that are used to classify mental retardation syndromes, that
is, syndromic or nonsyndromic. However, in both mental retardation and autism,
the concept of stigmatized versus nonstigmatized children is in reality a bit too
stark. Certainly in autism a continuum from minor to major physical stigmata
can be seen. In syndromes with large numbers of patients, it often is apparent
that the variable degree of phenotypic manifestation between individuals could
be represented as a continuum from the full disease to even minor or undetect-
able expression. The concept of syndromic autism versus nonsyndromic autism
will be presented here as a structural framework in which to tentatively place the
disease entities.

The first trimester, primarily a time when the body and face are formed, would
be the time of syndromic autism, the period when MCA/MR syndromes are
initiated. It has been demonstrated that some of the MCA/MR syndromes that
include an autistic subgroup, such as the Mébius sequence, thalidomide embry-
opathy, or the CHARGE association (coloboma, heart defect, atresia of the cho-
anae, retarded growth and mental development, genital anomalies, and ear mal-
formations and hearing loss), may begin as early as 20 to 24 days postfertilization.
In addition, in an autism autopsy case, Rodier et al. (1996) identified a shortening
of the brain stem, a defect that could have occurred only during neural tube
closure. In the development of the cerebral cortex, 6 to 8 weeks of gestational
age are called the embryonic period. Children with autism and a grossly abnormal
stigmata examination are 10 times more likely to be diagnosed with a known
genetic syndrome and are twice as likely to have structural abnormalities in their
brains than children with autism without gross stigmata (Miles & Hillman 2000).

A large number of MCA/MR syndromes include a subgroup of children with
autism (table 1-1A). Estimates of the number of children with autism who have
these syndromes vary widely from 7% to 37%, indicating either a different pop-
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Figure 1.1 Fourteen-year-old girl with syndromic autism, ectodermal dysplasia,
MR.

ulation mix, or a different method of selection by the investigators. Around 12%
is a reasonable working estimate for population-based surveys (Kielinen et al.
2004). The relevant question in each MCA/MR syndrome is whether the syn-
drome is somehow related to autistic symptoms or whether the affected children
have two completely separate syndromes, the MCA/MR syndrome and a second
autistic syndrome. Each syndrome must be evaluated separately, because the ma-
jority of children in most of the MCA/MR syndromes in which autistic patients
have been reported do not have autistic features.

In the MCA/MR syndromes that are very rare and include few cases of autism,
a reasonable assumption could be that, in a coincidental double syndrome, an
unlucky child described with autistic features perhaps did have the syndrome by
chance. If the child also has established autism stigmata that differ from those of
other children with the particular syndrome, this weighs in favor of coincidence
instead of relevance; the unlucky patient likely has two separate disease entities.
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Table 1-1 Some of the double syndromes in which a subgroup of
patients meeting autistic criteria has been described

A. Multiple congenital anomalies/mental retardation (MCA/MR) syndromes

Angelman syndrome Mobius sequence

CATCH 22 Neurofibromatosis 1
CHARGE association Noonan syndrome

Cohen syndrome Orstavik 1997 syndrome
Cole-Hughes macrocephaly syndrome Rett syndrome

Cowden syndrome Rubinstein-Taybi syndrome
15q11-q13 duplication syndrome Smith-Lemli-Opitz syndrome
de Lange syndrome Smith-Magenis syndrome
Down syndrome Sotos syndrome
Ehlers-Danlos syndrome Steinert’s myotonic dystrophy
Fragile X syndrome Timothy syndrome
Goldenhar syndrome Tuberous sclerosis complex
Hypomelanosis of Ito Turner syndrome
Lujan-Fryan syndrome Williams syndrome

B. Neurological syndromes

Dysmaturational syndrome with familial complex tics
Joubert syndrome

Leber’s congenital amaurosis

Mitochondrial syndromes, including the HEADD syndrome
Neuroaxonal dystrophy variant

Tourette syndrome/autism

X-linked creatine transporter defect

C. Psychiatric syndromes

Anorexia nervosa/autism
Infantile autistic bipolar subgroup

An example is the case of a boy with Myhre syndrome, who met the DMS-IV
criteria of autism and exhibited several symptoms that are not usually found in
the syndrome (Titomanlio et al. 2001). In addition to peculiar skin histology not
typically described in Myhre syndrome, he also had hypertelorism and partial
cutaneous syndactyly of the second and third toes. These are stigmata singled out
in studies of minor physical anomalies in children with nonsyndromic autism.
These facts weigh in favor of two separate disease entities in this boy.

However, other MCA/MR syndromes, such as the disease process of the tu-
berous sclerosis complex, may be more prone to creating autistic symptoms in
their population. Epidemiological studies suggest that 43—-86% of individuals with
the tuberous sclerosis complex have a pervasive developmental disorder similar
to autism (Harrison & Bolton 1997), and this disease alone may account for from
1% to 4% of children with autism in some series (Smalley 1998). It is possible
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Figure 1.2 Fourteen-year-old boy with nonsyndromic, high-functioning autism.

that the autistic symptoms in some of these children may spring from the un-
derlying disease process, such as the number, location, and size of the brain tubers
of the tuberous sclerosis complex (Humphrey et al. 2004), which also can be a
source of epileptic foci (Chugani et al 1998). Because they are much more thor-
oughly studied, the MCA/MR syndromes can be helpful in highlighting infor-
mation that may underlie autistic symptoms. However, it must always be kept
in mind that each of these syndromes has many other nonautistic symptoms,
and it is only by putting together the information from many different disease
entities that some form of standardized picture might come to light.

Several syndromes in which autistic features are part of the initial description
of the syndrome have been reported. Examples are HEADD syndrome (hypo-
tonia, epilepsy, autism, and developmental delay) and Orstvik 1997 syndrome
(macrocephaly, epilepsy, autism, stigmata, and mental retardation) (Orstavik et
al. 1997; Fillano et al. 2002; van Karnebeek et al. 2002). Evidence of mitochondrial
dysfunction and mitochondrial DNA (mtDNA) deletions has been found in chil-
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dren with HEADD syndrome. It is too early to be sure, but apparently almost
all patients diagnosed with these new syndromes would be considered autistic.
Even so, each child with a double syndrome of both autism and any MCA/MR
syndrome should be evaluated as an individual; this has both genetic counseling
and treatment implications.

While on the topic of MCA/MR syndromes, it should be noted that a child
with autism does not have to possess major anomalies or major stigmata to have
a disease entity that began in the first trimester. Some minor stigmata can be
traced to the first trimester (Rodier et al. 1997b). Sometimes the syndrome is
missed because the stigmata and skin lesions that characterize the children’s faces
are not always apparent in infancy and early childhood. Examples of this delayed
diagnostic phenomenon are reported in tuberous sclerosis, Cohen syndrome, and
chromosome 22q11.2 deletion syndrome. Yet another possibility is the recent
revelation that a child may be clinically classified as having nonsyndromic autism
and also have a mutation on the same gene affected in a MCA/MR syndrome
(Turner et al. 2002); this is the same phenomenon that is seen in syndromic and
nonsyndromic forms of mental retardation (Nokelainen & Flint 2002).

The second trimester is believed to be a time when many of the neurodevel-
opmental errors that lead to nonsyndromic autism occur. The period from 8 to
20-24 weeks of gestational age including the end of the first as well as the second
trimester is the fetal period of brain development. When autism was first being
studied, it was noted how beautiful and unstigmatized many of these children
were. This may even have been a factor in the initial blaming of the parents who
were raising such normal-looking children. But as soon as any systematic research
was conducted on this question, it became clear that children with autism who
looked unstigmatized were more likely to have minor physical anomalies than
control children matched for age, sex, and socioeconomic status (Steg & Rapoport
1975; Walker 1976; Campbell et al. 1978; Links et al. 1980; Rodier et al. 1997a).
The timing of formation of these minor anomalies spans from the first trimester
to the beginning of the second trimester. In these studies, the single most com-
mon minor anomaly in these studies found in autism was an ear anomaly char-
acterized by particularly low seating and posterior rotation of the ears. This
anomaly was even more common in children with autism than in children with
mental retardation. Other minor anomalies found in children with autism by
more than one of these studies were partial or full syndactyly of the second and
third toes and a slight hypertelorism.

It is far from clear in which trimester to place the infantile forms of neuro-
logical (table 1-1B) and psychiatric disorders (table 1-1C) already defined in older
populations. Because these beautiful children have so few stigmata, these cate-
gories temporarily go into the second trimester lists. The issue will become clearer
disease by disease as the neuroanatomical and genetic basis of the primary dis-
orders are better understood.

In a prospective study of prenatal factors comparing children who developed
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autism with normal and mentally retarded controls, statistically significant
second-trimester bleeding was limited to the mothers of children with autism
(Torrey et al. 1975). There are a few reported cases of accurately timed infections
in mothers of children who later developed autism. In children with autism and
congenital rubella (Chess 1977) or congenital cytomegalovirus (Ivarsson et al.
1990), the maternal infections occurred in the second trimester. Maternal auto-
immune diseases in the second trimester also may increase risk (Croen et al.
2005).

Malformations of cortical development due to abnormal neuronal and glial
proliferation are seen in neuroectodermal diseases, such as tuberous sclerosis.
Evidence of neuronal migration aberrations is found in many MRIs of children
with both autism and Asperger syndrome. (See chapter 2 for references.) Table
1-2 lists some of the diseases in which these neuroembryological errors are found.
Both genetic and infectious etiologies can cause these aberrations. They are pri-
marily second trimester phenomena.

Relatively few patients with autism are thought to have injuries to the central
nervous system initiated during the third trimester. The period extending from
24 weeks of gestation until the time of birth is called the perinatal period by
embryologists of the central nervous system. The children with autism that have
been documented with third trimester insults appear to be mostly affected by
infections, such as symptomatic congenital cytomegalovirus infection (Yamashita
et al. 2003).

The perinatal and postnatal periods are times when errors established earlier
may be expressed or new insults may affect brain function. After the advent of
birth, the brain continues to grow, change, and be vulnerable owing to the per-
sistence of some limited neurogenesis, elimination of neurons through apoptosis
or programmed cell death, postnatal proliferation and pruning of synapses, and
activity-dependent refinement of neuronal connections (Johnston 2004).

Table 1-2 Disease entities in which both neuronal migration and
autistic symptoms have been reported

MCA/MR syndrome Type of neuronal migration disorder
de Lange syndrome heterotopia
Ehlers-Danlos syndrome heterotopia
Hypomelanosis of Ito polymicrogyria, heterotopia
Neurofibromatosis, type 1 polymicrogyria, heterotopia
Rett syndrome nodular heterotopia

perisylvian cortical dysplasia
Smith-Lemli-Opitz syndrome polymicrogyria, rare
Sotos syndrome neuronal heterotopia
Tuberous sclerosis complex heterotopia

Reference: Hennekam & Barth (2003)
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THE NOSOLOGY OF AUTISM

So in this neurodevelopmental syndrome, the question arises as to how we are
going to diagnose children with this core social disorder in the future. One en-
couraging development is that, in psychiatry and neurology as in all of medicine,
nosology is rapidly improving so that diagnosis and treatment can be more in-
dividualized. It is now possible to expand the traditional clinicopathological
method of general diagnosis into a more comprehensive study of the disease
during the lifetime of the individual through chromosomal studies, molecular
genetics, brain imaging, electrophysiology, and many other technologies. How-
ever, the symptoms of central nervous system disease, showing through an un-
derlying personality structure, remain particularly difficult to interpret. This is
especially so in the case of the young child with autistic symptoms.

It has been 60 years since the behavioral syndrome of autism was first de-
scribed, yet problems of nosology remain. Most physicians working with these
patients would agree that current testing instruments to define the symptoms of
autism (table 1-3) are clinically useful and appropriate. Autism involves multiple
developmental domains; it compromises a wide range of socioemotional, lan-
guage, and other cognitive skills. However, many patients do not fit exactly into
the designated criteria of autism or Asperger, and their condition is called atypical
autism or pervasive developmental disorder not otherwise specified (PDD-NOS).
Are children with specific language disorders mistakenly being put into a pool
with autism? Another unsettled question refers to patients currently classified as
having the very rare Childhood Disintegrative Disorder. This is a topic in itself:
A family of 2 half-brothers, 1 with autism and 1 with Childhood Disintegrative
Disorder, has been described (Zwaigenbaum et al. 2000).

Very important work has been done to recruit populations of children with
autism that are as psychiatrically homogeneous as possible for research purposes.
Nevertheless, a number of unsolved issues remain in play. These problems are
not just academic; they have implications for infant and childhood learning pro-
grams, as well as pharmacological approaches.

One persistent nosological challenge is to determine whether Asperger syn-
drome and autism are variations of the same disease, a question posed by Lot-

Table 1-3 Current instruments that can be used to diagnose or assess
the severity of patients with autistic symptoms

Autism Diagnostic Interview—Revised (ADI-R)

Autism Diagnostic Observation Schedule-Generic (ADOS-G)

Childhood Autism Rating Scale (CARS)

Diagnostic Interview for Social and Communication Disorders (DISCO)
Diagnostic and Statistical Manual of Mental Disorders (DSM—-IV) criteria

The ICD-10 Classification of Mental and Behavioral Disorders (ICD-10) criteria
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speich et al. (2004) and others. There is evidence from a number of disciplines
including genetics that suggests that the answer is likely to be yes (table 1-4).
The same mutations in nuclear DNA (Jamain et al. 2003) and also in mtDNA
(Pons et al. 2004) have been found both in patients with autism and in patients
with Asperger syndrome. However, an increasingly difficult point is this: Are the
criteria for Asperger generally being applied by clinicians too loosely? Where does
one draw the line between an eccentric or odd person and a truly sick person;
in other words, how broad is the phenotype? Benaron (2003), using the title
“Inclusion to the point of dilution,” reviewed the topic of diagnosis in autism/
Asperger and raised a number of important points. One was that there are no
criteria for exclusion, as is seen in so many other syndromes, resulting in in-
creasing dilution.

Another area of debate is the presence of additional brain symptoms. Although
it is well accepted that many of the children with autism would be classified on
standardized testing as mentally retarded, there is a very significant percentage—
up to 40% in some series—who are also prone to other psychiatric conditions,
such as mood, attentional, and anxiety disorders. Should there be a neurological
or an epilepsy subgroup (chapter 5)? Do mute patients belong in a separate
group, since this is a large subgroup (Gillberg & Wahlstrom 1985)? Some of the
worse clinical problems with children with autism arise from the so-called sec-
ondary symptoms, which are vision and hearing impairments, disturbing forms
of self-abuse, sleep disorders that haunt the parents, many types of food faddism,
and water fascination with its danger of drowning. Are they found only in certain
disease entities or throughout all autism?

Table 1-4 Characteristics shared by autism and Asperger syndrome

Clinical:
Social impairment
Nonverbal communication difficulties
Narrow interests
Repetitive routines
Savants or splinter skills
Predominantly male
Imaging:
Variability of neural network maps
Neuropathological:
Diminished Purkinje cells in the cerebellum
Neuronal migration defects
Limbic system neuropathology
Altered minicolumn organization
Rare neuroepithelial tumors
Genetic:
Same gene mutations found (e.g., mutations in the X-linked NLGN3 and NLGN4 genes,
and in mitochondrial DNA)
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Before these many questions can be answered, however, the most elementary
nosological question that must be addressed is whether autism is one disease or
many diseases. A spectrum is the term used to describe continuous clinical var-
iations spread out within the same disease entity. The utility of a spectrum is the
ability to assemble a coherent group that is composed of individuals who all
share a set of basic underlying pathological traits, such as a genotype, and that
thus provides a consistent set of individuals for further research and the devel-
opment of rational therapies. The implication of the term “autistic spectrum
disorders” is that they are, in the end, one underlying disease. Thus, is autism
one huge, sprawling, multifaceted spectrum of a disease? Or, perhaps, is autism
a syndrome, a final, common phenotype expressed by many different underlying
diseases?

Is autism a spectrum or a syndrome? Study of the human genome has led to
many changes in medical thinking; one of these changes is that the concepts of
“spectrum” and “syndrome” as used in the past have developed extended mean-
ings. For example, mutations of the ARX (Aristaless-related homeobox) gene,
important in neurodevelopment, have clinical manifestations referred to as the
“spectrum of the ARX gene” (Kato et al. 2004). Mutations of this gene are as-
sociated with the following human phenotypes: (1) hydranencephaly with ab-
normal genitalia, (2) X-linked lissencephaly with abnormal genitalia, (3) Proud
syndrome (X-linked mental retardation, agenesis of the corpus callosum and
abnormal genitalia), (4) isolated agenesis of the corpus callosum (in females) (5)
X-linked infantile spasms, and (6) nonsyndromic X-linked mental retardation.
Other phenotypes include West syndrome, myoclonus, dystonia, spinocerebellar
ataxia, and autism. So disease entities that result in very major brain malfor-
mations and those that do not cause any detectable malformation of the brain
can arise from mutations in this single gene. This is a case of extreme pleiotropy
of clinical expression indicating a great allelic heterogeneity; it ranges from the
missing cortex of hydranencephaly all the way to the brain apparently without
malformations of nonsyndromic mental retardation. The ARX gene holds other
fascinations as well. The location and types of the mutations inside the ARX gene
tend to be predictive of the phenotype (Kato et al. 2004). To date, the known
ARX mutations in humans that do not result in brain malformations are the
deletion of exon 5, polyalanine expansions or duplications, and missense muta-
tions. In contrast, truncating mutations, which induce a premature termination
of the protein, cause lissencephaly or hydranencephaly. ARX was one of the very
first genes for which it was noted that there tends to be a consistency of the
genotype-phenotype correlation which can be determined by looking inside the
gene itself.

Certainly on the face of it, the clinical expression of ARX mutations underlies
what appears to mimic a syndrome (many separate disease entities) rather than
a spectrum (variations of a single disease). However, by some present definitions,
all clinically relevant mutations on one gene = one spectrum. So this kind of
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caveat will be kept in mind during the nosology discussion of autism/Asperger
syndrome. At least there is no argument that from the point of view of educa-
tional intervention programs, it is often quite useful to consider autism, Asperger
syndrome, PDD-NOS, and the other phenotypic variants as part of a rather
extensive clinical psychiatric spectrum, using similar individualized approaches
to tackle the symptoms.

Based on twin and family studies (Bailey et al. 1995; Pickles et al. 1995) and
subsequent genome scans, evidence that more than one gene might be involved
in autism began to develop. This led to the conclusion that autism was a complex
rather than a monogenic disorder, with the term “oligogenic disorder” used to
describe the involvement of multiple loci (Risch et al. 1999; Cook 2001). The
assumption was made that, like in other common diseases such as Parkinson
disease, multiple genetic and environmental factors would influence the risk of
an individual being affected. Susceptibility or protective genes might confer or
reduce the risks of developing disease. One strategy, using linkage and association
studies, examined the possibility that the responsible genes are not mutated se-
quences encoding aberrant gene products but apparently normal polymorphisms
acting synergistically or even “independently.” Investigating the genetics of sep-
arate subclinical traits or endophenotypes in relatives of children with autism
seemed another constructive way to find susceptibility genes (Leboyer 2003).

After more than 10 years of very hard work on these linkage and association
studies by many dedicated investigators, no susceptibility gene for all of autism
has yet been identified. In contrast, there is now good and growing information
about Parkinson’s disease in hand. In Parkinson’s disease, genetic studies have
found mutations in genes from different families and several susceptibility genes;
they affect the misfolding, overexpression, or insufficient disposal or aggregation
of brain alpha-synuclein, which has a central role in this disease process (Olanow
2003; Golbe & Mouradian 2004). Researchers are even beginning to understand
how damage by toxins such as MPTP to alpha-synuclein might cause clinical
Parkinson-like effects similar to those that result from the gene mutations. Al-
though the Parkinson story is not yet over and other genes and alternate mech-
anisms await discovery, it is currently believed that most gene mutations directly
or indirectly lead to a pathogenetic cascade that eventually affects the brain’s
handling of a central protein, alpha-synuclein.

So now it can be asked if Parkinson’s disease is a good pathogenetic model
for autism. Will gene mutations be consistently found in autism that eventually
lead in most cases to one protein? Or, perhaps, would a more fruitful model be
the approach used in studying the mental retardation syndromes in which many,
many different factors are involved; in which there are chromosomal duplications,
deletions, translocations, and mosaics; and in which where there are genes with
different Mendelian patterns of transmission, trinucleotide repeats and maternal
inheritance patterns, as well as epigenetic phenomena?
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One Disease Entity

The first question is as follows: Is autism, at least as originally described by
Kanner, a single disease entity in the great majority of patients? One can make
the argument that this is not clear-cut in view of the fact that 2 of his 11 patients
developed a seizure disorder, creating 2 subgroups—a seizure group and a non-
seizure group—in the very first population of patients (Kanner 1943, 1971). Of
course, it is theoretically possible that the same gene, indicating one disease entity,
can underlie a phenotype that is similar except that some patients have seizures
and others are seizure free. Another theoretical possibility is that classic autism
might be caused by epigenetic silencing that can mimic genetic mutation by
abolishing the expression of a gene. The mosaicism and nonMendelian inheri-
tance that are characteristic of epigenetic states can produce patterns of disease
risk that resemble those of polygenic or complex traits.

But now that genetic screening has begun in large groups of children with
autism, different genes have been found in different individuals, and the pleio-
tropic nature of many genes has become apparent. In the autism literature, there
now exists evidence of both locus heterogeneity (mutations in completely differ-
ent genes causing the same phenotype) and allelic heterogeneity (different mu-
tations in the same gene causing different phenotypes). An example of locus
heterogeneity is seen in the tuberous sclerosis complex. In this genetically het-
erogeneous disorder, approximately 40% of the cases are related to mutations in
the TSCI gene on chromosome 9 (9q34), while most of the remaining cases are
associated with alteration of the TSC2 gene on chromosome 16 (16p13.3). An
example of allelic heterogeneity concerning the ARX gene was discussed above;
Sherr (2003) lists the autism cases in the ARX spectrum.

As the number of genetic loci found by studying children with strictly defined
autism has multiplied, investigators have begun to rethink their theories and have
begun to wonder if the limited concordance in different genome-wide scans
might reflect sample heterogeneity rather than ever more numerous genes of weak
effect (Buxbaum et al. 2004). Could it be that autism is more than one disease
entity?

Many Disease Entities

That autism might be a syndrome with multiple etiologies has been considered
by a number of authors. In 1986, Reiss et al. wrote that autism appears to be a
behaviorally defined phenotype that arises from diverse causes of central nervous
system damage. Bailey (1993) noted that the genetic factors in autism probably
include causative genes, since autism appeared to have one of the highest heri-
tability rates in psychiatry. By 2003, Eigsti and Shapiro were stating that autism
is a heterogenous disorder and is likely to have multiple possible etiologies.
Actually, the concept that autism might be a syndrome of more than one
disease had already been put forward earlier by neurological, biochemical, stig-
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mata, and family history analyses in a research study of 78 children with autism
and their 78 age, sex, parent-income matched controls (Coleman 1976). Virtually
everything studied in this early 1976 research project failed to show consistency.
The children with autism were not found to be uniform in blood studies: in
whole blood serotonin studies, 59% had elevated levels of whole blood serotonin
(confirming results from as early as 1961 by Schain and Freedman) and 25% had
low levels. Urine studies also lacked uniformity: twenty-two percent of the chil-
dren had too much uric acid in their urine (hyperuricosuria) and a separate
group of 22% had too little calcium (hypocalcinuria). Neurological, stigmata,
immunological, autoimmunological, and family history patterns also showed
great variability. Although no individual disease entities were identified in this
early study, there was a striking lack of homogeneity in the results; hence, the
name “the autistic syndromes” was chosen for the study.

Since that study, at least 60 different disease entities have been identified in
patients meeting standardized criteria of autism (tables 1-1, 1-5, and 1-6 and the
epileptic syndromes in chapter 5). Just as has been seen in the mental retardation
syndromes, children with autistic features with chromosomal, genetic, infectious,
endocrine, toxic, and space-occupying etiologies have been described. In autism,
there are groups of children with no classical neurological signs and there are
others with neurological signs such as epilepsy, hypotonia, or tics (see chapter
5). The cranial circumferences are not consistent: they may be normocephalic,
macrocephalic, or microcephalic (see chapter 4). All these major variations sug-
gest that autism is not a single disease entity.

If autism in fact is many different diseases, there are a number of implications.
One might refer to the study of gender difference in autism. If autism is many
diseases, then the underlying factors leading to male predominance in the patients

Table 1-5 Autistic syndromes with subtle or minimal stigmatization

Miles-Hillman subgroup of nonstigmatized phenotypes
Mitochondrial disease subgroups
15q11-q13 duplication syndrome
22q13 deletion syndrome
X-linked neuroligin syndrome
Metabolic disorders (cases are scarce even within these rare diseases):
Aminoacidurias—phenylketonuria
GABA metabolism disorders—Succinic semialdehyde dehydrogenase deficiency, pyridoxine-
dependency syndrome, ?GABA-transaminase deficiency
Leukodystrophies—metachromatic leukodystrophy
Mucopolysaccharidoses—Sanfilippo’s syndrome
Organic acidurias—D-glyceric aciduria, (succinic semialdehyde dehydrogenase deficiency)
Peroxismal disorders—infantile Refsum disease
Purine disorders—adenylosuccinate lyase deficiency, nucleotidase-associated pervasive
developmental disorder




1. Introduction 17

Table 1-6 Infectious, endocrine, toxic, and space-occupying
disease entities reported in children with autistic symptoms

Infectious
Congenital encephalopathies: rubella, herpes simplex, cytomegalovirus
Meningitis
Endocrine-Hypothyroidism
Perinatal toxicity—ROP (retinopathy of prematurity)
Space-occupying lesions
Arachnoid cysts
Brain tumors—neuroepithelial tumors
Toxic fetal embryopathies:
Alcohol, cocaine, lead, thalidomide, valproate

with a normal physical examination and a structurally normal brain by MRI (23
boys to 1 girl) and in the phenotypically abnormal children (1.7 boys to 1 girl)
likely have a different origin (Miles & Hillman 2000). As more homogenous
populations are identified, pathological studies, functional imaging studies, ge-
netic studies—all research studies—can be more pinpointed and consistent. An-
other shift might be to move pharmacological research in the direction of tai-
loring treatment to individual disease entities inside the autistic syndrome.

A look at a few selected chromosomal and genetic aberrations discovered from
studying children with autistic features will highlight the great variety of the
autistic syndromes.

CHROMOSOMAL DISORDERS

Autism spans the genome. Putting together all the published information on
patients who meet the criteria of autism, Asperger syndrome, or PDD-NOS, chro-
mosomal aberrations or genetic mutations have been described in every chro-
mosome (reviewed in Lauritsen et al. 1999; Gillberg & Coleman 2000c). Regard-
ing the pattern seen in the chromosomal aberrations, the autistic syndromes are
more likely to be associated with chromosomal deletions than are the mental
retardation syndromes, which have more cases of full trisomies. It has been es-
timated in the past that between 3% and 9% of a population of children with
autistic traits have chromosomal aberrations (Gillberg & Wahlstrom 1985; Ritvo
et al. 1990; Fombonne et al. 1997; Konstantareas & Homatidis 1999; Wassink et
al. 2001). Three examples of chromosomal sites associated with autism will be
discussed: regions on chromosome 15, chromosome 22, and the X chromosome.

The 15q11-q13 Cluster

The area on chromosome 15q11-q13, sometimes called the Prader-Willi/Angel-
man critical region (PWACR), contains a number of imprinted genes. In both
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the Prader-Willi syndrome and the Angelman syndrome, a large chromosome
deletion that spans 4.0 to 4.5 megabases in 15q11.2-q13 has been identified in
60% to 70% of patients. A deletion in the paternally derived chromosome 15
results in Prader-Willi syndrome, while the same deletion in the maternally de-
rived chromosome 15 underlies the Angelman syndrome. These syndromes can
also be caused by uniparental disomy (when the two copies of the chromosome
are derived from one of the parents); a maternal disomy results in Prader-Willi
syndrome, whereas paternal disomy causes Angelman syndrome. Many patients
with Angelman syndrome have been reported to have autistic characteristics, but
autistic symptoms usually are not described in patients with the Prader-Willi
syndrome. However, even here an occasional patient with autistic features has
been reported with Prader-Willi (Descheemaker et al. 2002; Veltman et al. 2004).

Patients who do not have clinically apparent Angelman or Prader-Willi syn-
drome but who definitely have autistic symptoms have been described in asso-
ciation with a number of different aberrations of chromosome 15 that include
the PWACR. Most frequently found are duplications, including interstitial ones
resulting in trisomic genetic load, or a supernumerary marker chromosome
formed by the inverted duplication of proximal chromosome 15, with either a
trisomic or tetrasomic genetic load. Translocations, deletions, and microdeletions
also are described (for review see Gillberg & Coleman 2000c). The most consis-
tent factor in the aberrations associated with autism is their origin in the maternal
chromosome.

Most cases of children with autism and a chromosomal anomaly in the 15q11-
13 region appear to have one of the forms of chromosomal duplication. Actually,
this area involves probably the most common supernumerary marker chromo-
some in humans. It should be remembered that not every patient with excessive
chromosomal material encompassing 15q11-q13 is autistic (Rineer et al. 1998).
If the duplication involves the PWARC, the patients are more likely to have
autism or developmental delay; the asymptomatic patients tend to have dupli-
cations that fall outside this region (Bolton et al. 2001). Clinically, the presen-
tations in children meeting autistic criteria vary somewhat (Borgatti et al. 2001).
Facial stigmata, if present, are usually subtle. Mental retardation is almost always
present but ranges from mild to severe. Many but not all children have a seizure
disorder. Patients with hypotonia and motor delays have been reported in the
literature. Spinal deformities also have been described (Gillberg et al. 1991).

It is not yet known precisely which genes underlie the symptoms of autism
in patients with 15q11-13 duplication or deletion in spite of extensive work by
excellent laboratories. Of great interest are the three genes encoding GABA, re-
ceptor subunits (GABRB3, GABRA5, GABRG3) located there. In a study of 140
families who had a child with an autistic disorder, Cook et al. (1998) revealed
linkage disequilibrium with the GABRB3 gene encoding the beta3 subunit. A
GABRB3 polymorphism also was found to be associated with autism in a set of
80 families (Buxbaum et al. 2002). A study of a group of familial cases in which
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the children had savant skills identified a susceptibility locus within the GABRB3
gene (Nurmi et al. 2003), while another study using the symptoms of insistence
on sameness also found increased linkage to the GABRB3 gene (Shao et al. 2003).
In a study of 226 families with 1 or more children affected with autism, Menold
et al. (2001) reported linkage disequilibrium with the GABRG3 gene. Not all these
studies have been duplicated.

Another gene (KIAA0068) that encodes a protein interacting with and mod-
ulating the fragile X protein is of interest. The imprinted gene UBE3A, involved
in Angelman syndrome, is another candidate (Nurmi et al. 2001; Herzing et al.
2002). The gene ATPI0C exhibits a similar imprinted expression to UBE3A, is
adjacent to it, and is involved in ion transport (Herzing et al. 2001). And there
are still a number of other imprinted genes in the PWACR area.

Probably the most interesting cases to date are those of 2 children with autism
and 15q11-q13 inverted duplication, also called isodicentric chromosome 15, who
had pronounced mitochondrial proliferation in muscle and partial respiratory
chain block most parsimoniously placed at the level of complex III (Filipek et al.
2003). One of these children had no dysmorphic features; the other had dys-
morphic features classified as mild. Both had global developmental delay and
hypotonia, although it was episodic in one case.

The 22q11 and 22q13 Regions

The chromosomal 22q11 region has been studied by investigators of both schizo-
phrenia and autism; the chromosomal region 22q13 is also under intensive study.
These regions are associated with a number of disease entities in which patients
have autistic features. There have been several cases of ring chromosome 22 with
autistic disorder (Assumpcao 1998; MacLean et al. 2000), which includes a de-
letion covering the ql1-q13 region. Major malformations are absent in most
cases, but it is of note that these children may have the second and third toe
syndactyly that is more common in children with autism (Walker 1976).

The 22q11 region is of particular interest because it is the site of the 22q11.2
deletion syndrome, often associated with the velocardiofacial syndrome, also
known as CATCH 22 (cardiac abnormality, T cell deficit, cleft palate, and hy-
pocalcemia) syndrome. This multiple anomaly syndrome can occur after a de
novo mutation or be transmitted as an autosomal dominant trait. Either learning
difficulties or mental retardation, as well as problems with speech and language
including articulation, are usually present. Common clinical features of this syn-
drome are cleft palate (velopharyngeal insufficiency), cardiac defects, and a char-
acteristic facial appearance, although there is high phenotypic variability. The
patients have a long face, a prominent nose with a bulbous nasal tip and a narrow
alar base, almond-shaped or narrow palpebral fissures, malar flattening, mal-
formed ears, and a recessed chin. These facial features are not always apparent
in infancy and early childhood. For example, four children with childhood onset
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schizophrenia and deletions in the chromosome 22q11 region “had subtle cran-
iofacial and body dysmorphic characteristics that had not been noticed previously”
(Sporn et al. 2004).

Neurobehavioral involvement has been reported by many investigators and is
thought to be a major feature of the velocardiofacial syndrome (Niklasson et al.
2001), although it has been suggested that it may not be specific but rather related
to the level of cognitive development (Feinstein et al. 2002). In 1996, Swillen et
al. identified 2 individuals living in residential homes for people with autism as
having the velocardiofacial syndrome. A number of children with autism or PDD-
NOS have since been reported to have a deletion at 22q11.2 or the velocardiofa-
cial syndrome (Kozma 1998; Chudley et al. 1998; Eliez et al. 2000; Niklasson et
al. 2001). The velocardiofacial syndrome or the 22q11.2 deletion syndrome also
has been described in patients with adult schizophrenia (Coleman & Gillberg
1996) and childhood-onset schizophrenia (Nicolson et al. 1999).

In the velocardiofacial syndrome, the volume of the brain—both grey and
white matter but particularly white matter—is decreased (Eliez et al. 2000;
Barnea-Goraly et al. 2003b). It is of interest that those patients with a maternal
22q11.2 microdeletion are reported to have a significantly greater loss of grey
matter than those with a paternal microdeletion (Eliez et al. 2001a). The velo-
cardiofacial syndrome is one of the syndromes in which a diminished size of
cerebellar vermal lobules VI-VII and the pons has been demonstrated (Eliez et
al. 2001c). Researchers used functional imaging by fMRI to study mathematical
reasoning abilities in this patient group and raised the question of aberrant ac-
tivation of their brains (Eliez et al. 2001b).

Almost all cases of the velocardiofacial syndrome and two other syndromes—
the DiGeorge syndrome and the conotruncal anomaly face syndrome—share a
common microdeletion on chromosome 22q11.2. This is one of the most fre-
quent interstitial deletions found in humans. A 3-year-old boy with muteness,
who met DSM-IV criteria for autism, was found to have a 20/22 chromosomal
translocation with an interstitial deletion within the 22q11 region; his phenotype
was inconsistent with the DiGeorge syndrome. A 99mTc HMPAO brain perfusion
SPECT showed a hypoperfusion of the left temporoparietal cortex in this boy
(Carratala et al. 1998). Although more than 30 genes have been identified in these
deleted segments, neither a single gene nor multiple contiguous genes have yet
been identified as responsible for these syndromes (Yamagishi 2002).

The 22q13 region also is involved in disease entities that can occur with au-
tism. Adenylosuccinate lyase deficiency is a rare autosomal-recessive disorder of
the purine de novo synthesis pathway characterized by developmental delay, hy-
potonia, and seizures. The first case report of 3 children with the deficiency
indicated that they had infantile autism (Jaeken & Van den Berghe 1984); since
then, researchers have identified a number of children who have the deficiency
and autistic features (Ciardo et al. 2001). Not all deficient patients are autistic.
Adenylosuccinate lyase is an essential enzyme involved in purine biosynthesis; its
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gene is located at 22q13.1-q13.2. Laboratory investigations have found in the
urine and cerebral spinal fluid of patients the presence of succinylpurines, which
are normally undetectable in these fluids.

A terminal 22q13 deletion syndrome has been reported in a patient having
the autistic syndrome and a de novo cryptic deletion in chromosome 22q13.3
(Goizet et al. 2000); Anderlid et al. (2002) have reported a case with a submi-
croscopic 22q13 deletion and autistic symptoms. Prasad et al. (2000) described
3 children with the 22q13 deletion syndrome, 1 with autism and 2 with PDD,
and suggested that the terminal 22q13 deletion syndrome may represent a rec-
ognizable phenotype for genetic evaluation. These authors proposed that children
with minor facial stigmata, normal or advanced growth, and significantly delayed
speech compared to motor development, combined with deviant behavior, be
screened for deletion at 22q13. Macrocrania, a small pointed chin, simple ears,
and a high arched palate are other phenotypical features. Disruption of the
ProSAP2 gene, encoding a scaffold protein involved in the postsynaptic density
of excitatory synapses and preferentially expressed in the cerebral cortex and
cerebellum, has been proposed as the cause of the 22ql3 deletion syndrome
(Bonaglia et al. 2001). Finally, the meaning is not yet clear regarding a case of
Schindler disease (N-acetyl galactosaminidase deficiency) whose gene is located
at 22q13—qter; Blanchon et al. (2002) have described a patient with this disease
and autistic features.

The X Chromosome

The X chromosome is of particular interest in autism. Compared to the genes
on the autosomal chromosomes this chromosome contains a significantly higher
number of genes that, when mutated, cause mental impairment (Zechner et al.
2001). Another reason for interest in this chromosome is that the gender ratio
favors boys with autism, raising the possibility of increased genetic errors on the
X chromosome, which in most known diseases affect males. (For the record,
errors on the X chromosome also can be associated with autistic symptoms in
subgroups of females; those with Rett syndrome, Turner syndrome, or Xp dele-
tion syndrome [Thomas et al. 1999].) The X chromosome has been studied
extensively because of its folate-sensitive fragile sites that have been visualized on
the chromosome. These sites are clustered at the Xq27.3-Xq28 region and include
the fragile X syndrome and the FRAXE syndrome sites.

The fragile X syndrome is an X-linked disorder that is believed to be the single
most common cause of mental retardation, with an incidence estimated at
about 1:4000. It is usually caused by an expansion of the trinucleotide repeat
(CGG) in the 5-untranslated region of the FMRI gene; however, in a small
number of patients, deletions and point mutations of the FMRI gene have been
identified.

There is perhaps no other developmental disorder in which the pathogenesis
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from gene to behavioral manifestations is as well described, however imperfectly.
Expansion of the number of CGG repeats beyond 230 in the FMRI gene usually
leads to hypermethylation of this repeat. In addition, a CpG island is formed
within the gene which then recruits the transcriptional silencing machinery to
the gene, preventing its expression. The FMRI gene product, FMRP, is a selective
RNA binding protein that shuttles between the nucleus and cytoplasm. FMRP is
important in fetal development; the mutated gene is expressed in proliferating
and migrating cells (Abitbol et al. 1993), and a fetal brain examined at 23 weeks
gestation already had dendritic spine abnormalities (Jenkins et al. 1984). FMRP
protein levels have a relationship with functional brain activation during working
memory (Menon et al 2000; Kwon et al. 2001), suggesting that these levels are
associated with the translational machinery in the dendritic spines. Such regu-
lation of localized protein synthesis is important to the synaptic plasticity that
underlies the neural networks of learning and memory. Thus, perhaps it is not
unexpected that white matter in the frontostriatal and parietal sensory-motor
tracts has been reported to be altered in this syndrome (Barnea-Goraly et al.
2003a).

Facial features of individuals with the fragile X syndrome include a long,
narrow face, strabismus, prominent long ears, a thick nasal bridge, dental mal-
occlusion, and a prominent jaw. After puberty, macroorchidism often occurs.
Excessive joint laxity, pectus excavatum, kyphoscoliosis, a single palmar crease,
and pes planus have been described. The behavioral phenotype of the syndrome
includes pronounced gaze aversion (Garrett et al. 2004), language delay and ech-
olalia, perseveration, stereotypies, need for sameness, hypersensitivity to sensory
stimuli, preoccupations with constricted interests, and social anxiety, especially
with peers or unfamiliar adults.

Although this behavioral phenotype sounds very much like a child with au-
tism, the majority do have emotional relationships with their parents and other
familiar adults. They develop strong attachments and concern for others, so they
do not have what is considered the core symptom of autism. However, a small
percent of patients with the fragile X syndrome do meet full autism criteria; it is
not many, but it is higher than can be accounted for by chance (Feinstein &
Reiss 1998). Some patients with fragile X appear to be mosaic as judged from
their blood cells; there is a trend for autism to be more prevalent in patients with
the nonmosaic full mutation. The rate of fragile X among patients with autism
is estimated to be about 2—-4% (Wassink et al. 2001).

The FRAXE syndrome is also a trinucleotide repeat syndrome, with an ex-
pansion of the trinucleotide GCC in the gene FMR2. The children are less severely
affected and less likely to be stigmatized than those with fragile X. A rare patient
with high-functioning autism has been reported (Abrams et al. 1997).
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GENES BEING STUDIED IN AUTISM
Genes on the X Chromosome

In addition to the FMRI and FMR2 genes susceptible to excess trinucleotide
repeats mentioned above, a number of other genes located on the X chromosome
are under investigation in children with permanent or temporary symptoms of
autism. Investigators have learned a great deal from the studies of the methyl-
CpG-binding protein 2 gene, MECP2, located at Xq28. Normally, the function
of MECP2 is to turn off several genes whose promoters have been methylated,
an epigenetic phenomenon and many other functions.

Mutations in this gene were first found in girls with Rett syndrome (Amir et
al. 1999), a disease that goes through an autistic phase (see chapter 7). A number
of variants exist, so the spectrum of diseases is called the Rett Complex. Girls
with one of the variants, the Preserved Speech Variant (PSV) of the Rett Complex,
have autistic behavior, and most meet DSM-IV criteria for autism. The clinical
features of PSV include the typical staging of Rett syndrome, but symptoms are
milder in that the cranial circumference is often within normal limits, hand
washing is more occasional, scoliosis is mild, and body weight may be excessive.
Pathogenic mutations of the MECP2 gene in 55% (10 out of 18) of girls with
PSV have been reported; there is a family with two discordant sisters (classic Rett
and PSV) bearing a late truncating mutation (Zappella et al. 2001). Investigation
of phenotypical variability in the Rett Complex by type of MECP2 mutation has
not shown a consistent pattern, raising the possibility of skewed X-inactivation
and/or modifier genes whose products may act in an epistatic matter with MeCP2
protein (De Bona et al. 2000).

A question has been raised about whether girls with autism who apparently
do not have a type of the Rett Complex also have mutations in MECP2. It
sometimes takes in depth background knowledge of both syndromes to distin-
guish between a Rett variant and autism in a child; Trevathan and Naidu (1988)
have listed the differential criteria, and Kammoun et al. (2004) helped pinpoint
certain of the criteria. The Rett Complex is much more tightly diagnosed than
is autism; it has necessary, supportive, and exclusion criteria, as well as four stages
of progression. Two girls with the PSV variant of Rett syndrome were followed
closely, and although they had autistic behavior during the first three stages of
progression, by early adolescence they lost autistic behavior and reached an IQ
close to 45 (Zappella et al. 2003). In addition to differences between the diag-
nostic criteria, the clinical course often reveals the difference between a girl with
a static form of autism and a girl with a Rett Complex variant.

Carney et al. (2003) analyzed 69 girls with autism and found 2 with MECP2
mutations; neither patient exhibited classic Rett features. Similarly, Lam et al.
(2000) screened 21 females with autism and mental retardation and found 1 with
a MECP2 mutation. Shibayama et al. (2004) also identified a mutation and var-



Figures 1.3, 1.4 This Japanese girl, with an A201V mutation of the MeCP2 gene,
is seen at 5 and 13 years of age. Dystonic contracture of the hands can be seen at
the older age.
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iants in children with autism. MECP2 mutations have also been found in indi-
viduals with other brain disorders. These include severe mental retardation, a
spastic syndrome in boys, schizophrenia, and bipolar disorder. A previously un-
known MECP2 open reading frame defines a new protein isoform that is different
from the previously identified protein; the new isoform is more abundant in the
human brain, and this defective form may be the cause of the Rett Complex
(Mnatzakanian et al. 2004; Kriaucionis & Bird 2004).

A recent study has shown that 5% (3 out of 63) of Rett girls are carriers of
both a MECP2 mutation and a chromosome 15q11-13 rearrangement (Longo et
al. 2004). This is in contrast to the only 1% of patients with autism who have a
duplication on chromosome 15q11-q13. Since this study is the first of its kind,
the percentage may be due to chance, but the finding itself gives important new
information. All three of the girls with the 15q rearrangement were carriers of
an MECP2 mutation at amino-acid R133, a hot spot for mutations in the Rett
Complex. Two of the girls with classic Rett had maternally inherited small de-
letions on 15q11-q13, while the girl with PSV had a paternally inherited small
duplication on 15q11-q13.

Another interesting X chromosome gene is ARX, a paired-class homeobox
gene located at Xp22.13. ARX is specifically expressed in the embryonic forebrain
and is involved in the proliferation of neural precursors and differentiation and
tangential migration of interneurons. Stromme et al. (2002) have described in-
dividuals with autism and mild-to-moderate mental retardation who had ARX
mutations. Individuals with autism or autistic behavior that had a duplication in
this gene have been described by Turner et al. (2002). These authors also found
the same duplication in a family with X-linked infantile spasms with hypsar-
rhythmia, a syndrome that is sometimes associated with the development of later
autistic behavior. As discussed above, the phenotypes associated with ARX mu-
tations range well beyond autism. Investigators of autism are also interested in
another homeobox gene, EN2, located at 7q36 (Gharani et al. 2004).

Another important group of genes, those encoding the neuroligins, are also
located on the X chromosome. These genes produce proteins that function as
cell adhesion molecules during neurodevelopment. Among the proteins involved
in the establishment of neural networks (see chapter 2), neuroligins appear to
have a central role in the formation of CNS synapses (Chih et al. 2004; Comoletti
et al. 2004).

The two neuroligin genes on the X chromosome are NLGN3, located at Xq13,
and NLGN4, located at Xp22.3. Deletions at Xp22.3 that include NLGN4 have
been reported in several individuals with autism (Thomas et al. 1999). Mutations
in NLGN3 and NLGN4 have now been described in families with autism and
Asperger syndrome (Jamain et al. 2003). Researchers have identified an additional
family in which the members who have autism, PDD-NOS, or nonsyndromic X-
linked mental retardation have a 2-base-pair deletion in NLGN4 (Laumonnier et
al. 2004).
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Genes on the Autosomal Chromosomes

Family histories and sibling pairs with autism have enriched the search for can-
didate genes. In the past 10 years, the combination of identifying gene mutations
in individual patients with autistic features and the search for susceptibility genes
in strictly defined autism has resulted in a rich harvest of autosomal chromosome
sites. Potential sites exist on every chromosome. If autism is, in fact, the cognitive
behavioral cousin to the cognitive mental retardation syndromes, then this rich-
ness is to be expected, since over 200 monogenetic diseases alone already have
been identified for the mental retardation syndromes.

The long lists of potential autosomal gene sites for autism can be found in a
number of papers. These include chapter 15 of The Biology of the Autistic Syn-
dromes (3rd ed.) (Gillberg & Coleman 2000c) and the two sections on candidate
gene analysis and genetic mechanisms in Autism: Neural Basis and Treatment
Possibilities (Bock & Goode 2003). Data from one genome-wide scan on Asperger
syndrome is now available (Ylisaukko-oja et al. 2004). New gene mutations or
likely chromosomal sites are constantly being found. While you have been reading
this book, it is possible that researchers have found another gene mutation or
chromosomal site.

Mitochondrial DNA Studies

The mitochondria are unique among cellular organelles in that they contain their
own DNA. Each mitochondrion has 2 to 10 copies of DNA in a circular molecule
consisting of 16,569 base pairs. Mitochondrial DNA (mtDNA) differs from DNA
in the cell nucleus in that it contains few noncoding sequences (introns), has a
slightly different genetic code, and is transmitted almost exclusively from the
mother. Over 95% of total brain ATP, the chemical energy of cells, is produced
in the mitochondria by the process of oxidative phosphorylation. The regions of
the brain that are most functionally active, such as the temporal lobe, are sites
of increased mitochondrial activity. Since mitochondria play a pivotal role in cell
metabolism, cellular mitochondrial density reflects metabolic activity. Skeletal
muscles, as well as neurons, have a high mitochondrial mass, a finding that can
be used to detect mitochondrial disease when the mitochondrial function is di-
minished.

The mutation rate of mtDNA is much higher than that of nuclear DNA. The
reason for this higher mutation rate can be ascribed to the absence of a histone
coat for mtDNA, a poor repair system for DNA damage, a high turnover rate of
mtDNA, exposure to higher oxidative stress, and a high error rate of polymerase
gamma, which is responsible for mtDNA replication. This high mutation rate
means that even control subjects may sometimes possess mutations, requiring
caution in interpreting the complicated literature.

Many mutations in mtDNA have now been associated with human diseases.
These are a diverse group of disorders that result from structural, biochemical
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or genetic derangement of mitochondria. Because mtDNA is inherited almost
exclusively through the mother, mtDNA-related defects would be expected to
exhibit the maternal inheritance pattern. This is indeed seen, but to date most
cases are sporadic. This maternal inheritance pattern of mtDNA does represent
a well-recognized non-Mendelian genetic system. However, to make things more
complicated, it is necessary to consider that some of the mitochondrial diseases
affecting the respiratory chain can also be due to mutations of genes in the
nuclear genome, resulting in Mendelian patterns of inheritance. Thus, the family
history of a child with a mitochondrial disease may be characterized by a disease
that is sporadic, has a maternal inheritance pattern, or has a classical Mendelian
pattern. Other genetic characteristics—heteroplasmy, mitotic segregation, and
threshold effects—can be seen.

This background detail about mitochondrial diseases has been offered because
evidence is mounting that a significant number of children with autism may
belong to the mitochondrial subgroup. In fact, the first population-based epi-
demiological study of mitochondrial disease in autism, completed in Portugal,
has arrived at an estimate of 7.2% or more of children with autism (Oliveira et
al. 2005). If confirmed, this is the largest subgroup of patients with autism yet
described. Furthermore, some of the children reported with mtDNA abnormal-
ities in the literature did not appear to be different from children with “primary
autistic spectrum disorders” (Pons et al. 2004).

Speculation that children with autism might have mitochondrial diseases be-
gan after it was discovered that some children with autism had high lactate levels
(Coleman & Blass 1985), raising the possibility of mitochondrial oxidative phos-
phorylation dysfunction (Lombard 1998). The impairment of mitochondrial en-
ergy metabolism has been documented in individuals with autism and Asperger
syndrome (Minshew et al. 1993, Laszlo et al. 1994; Chugani et al. 1999). Thus,
it is no surprise that cases of autism and mitochondrial disease are now being
reported; the reported cases have a variety of mitochondrial defects. In some
children, there are mutations in mtDNA itself (Graf et al. 2000; Pons et al. 2004),
as well as deletion (Fillano et al. 2002) and depletion of mtDNA (Pons et al.
2004). In other children, there is alteration of mitochondrial function likely sec-
ondary to duplication of the maternally derived chromosome 15q11-ql3 region
(Filipek et al. 2003).

A growing body of evidence indicates that certain children with autism might
be evaluated for mitochondrial cytopathies. This includes those who have lactic
acidosis, although it may not be always detectable, and those who have a family
pattern of maternal inheritance. Other possible indications include the presence
of major neurological signs including seizures, if other known etiologies have
been ruled out, and a family history of depression.
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Table 1-7 Examples of children with clinical nonsyndromic autism who have a
genetic error

Diagnosis Genetic error Reference

Autism 24-bp duplication in exon 2 Turner et al. 2002
of ARX gene (Xp22.13)

Autism and Asperger frameshift mutation (1-bp Jamain et al. 2003

insertion in exon 5) in gene
encoding neuroligin NLGN4

(Xp22.3)

Autism and PDD-NOS 2-bp deletion in exon 5 of Laumonnier et al. 2004
the NLGN4 gene (Xp22.3)

Autism and Asperger C—T transition (R451C) in Jamain et al. 2003

gene encoding neuroligin

NLGN3 (Xq13)
Autistic spectrum disorder A3243 mtDNA mutation Pons et al. 2004
Autism 1-bp deletion in exon 5 Weaving et al. 2004

(c.183deIT) of the CDKL5/

STK9 gene (Xp22.1), result-

ing in a frameshift and pre-

mature truncation

Genes in Nonsyndromic Autism

Genetic diagnosis has recently become possible in a few patients with nonsyn-
dromic autism and Asperger syndrome. The literature now describes children
who clinically present with these disorders and have genetic mutations (table 1-
7). However, genetic diagnosis in the majority of such children still eludes us as
of the writing of this book.

GENETIC COUNSELING IN AUTISM

That autism is a disorder with a major genetic component is no longer in doubt
(see Cook 2001, for a summary of the evidence). Furthermore, variations such
as Asperger syndrome and PDD-NOS breed true in some families (Micali et al.
2004). One group of patients have what are called single-gene diseases; this con-
cept of mutations in a single gene as an essential minimum for such genetic
diseases is a clinically useful tool, in spite of its scientific limitations. Other mem-
bers of the family of these patients sometimes have subclinical traits; these traits
are called the broader autism phenotype, or endophenotypes, encompassing both
psychological and biological data.

Genetic counseling for a disease entity needs to be based on valid information
about the family risk of recurrence. In the disease entities listed in tables 1-1, 1-4,
and 1-5, informed sources of such information often are available. Although
many cases of autism are sporadic, there are some patients within each disease
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entity in which family patterns can be discerned. For example, genetic patterns
of autosomal recessive (adenylosuccinate lyase deficiency), autosomal dominant
(tuberous sclerosis complex), X-linked (mutations in the X-linked neuroligins),
trinucleotide repeat (fragile X), and mitochondrial (A3243G mtDNA mutations)
inheritance can be used to counsel a family.

Unfortunately, for the majority of children with autistic features, often with
nonsyndromic autism, such information is not available or may not be relevant.
Here, the information gathered from studies of families of children with autism
put together as a single disease entity can at least be a guideline. Family studies
have shown that the risk of another sibling born with autism to parents who
have already had a child with autism may be 4.5% (Jorde et al. 1991). Another
way of saying this is that, based on current prevalence estimates, the risk of
reoccurrence among siblings appears to be 6 times more frequent than it is in
the population as a whole (Micali et al. 2004), a much higher recurrence rate
than the prevalence rate in the general population. However, it should be noted
that this rate is much lower than is found in single-gene diseases. In the case of
autism, there is a high concordance of monozygotic twins, first reported by Rim-
land (1964) and later confirmed by many studies. When twins are studied using
a broader spectrum of autism including related cognitive and social abnormalities,
92% of monozygotic twins were concordant versus only 10% of dizygotic twins
(Bailey et al. 1995).

Neurogenetic Diseases

The sequencing of the human genome has turned out to be a necessary first step
in a yet unfolding journey; sometimes the answers appear to be much more
complex than mere DNA sequence. In patients with autism and their families,
discovery of a genetic mutation is a most important but not necessarily full
picture of what leads to the disease process.

Inactivating mutations that result in loss of protein function can occur. The
unstable trinucleotide repeat, a common type of mutation frequently found in
diseases of the brain, has a different genetic mechanism, toxic gain-of-function.
For example, when abnormally long polyglutamine stretches are present, cascades
of sequential genes often occur, so that a mutation in the first gene in a series
results in low expression of others that follow; it may be difficult to determine
whether a detected underexpression of a later gene is primary or secondary. Genes
sequences may be shuffled and create different proteins with alternate functions
when being expressed in different organs (Mnatzakanian et al. 2004), making it
harder to anticipate brain function or dysfunction from the study of a gene taken
from the blood. This finding in Rett syndrome has received special attention
because of its clinical implications; the concept of alternative splicing, in which
a gene produces different versions of a protein, is well established.

Another genetic factor to consider in autism, especially in the mitochondrial
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diseases, is the amount of heteroplasmy (a mixture of wild-type and mutant
mtDNA) present in living patients (DiMauro & Moraes 1993). This helps account
for tremendous clinical variation inside the same family. In addition, new infor-
mation may arise from epigenetics. These are modifications that help control
gene activity by acting like switches. The best known epigenetic signal is DNA
methylation, which is generally associated with silencing of gene expression; DNA
methylation patterns tend to be stable over time in postmitotic cells. Growing
evidence indicates that imprinted genes are probably involved in autism, and
epigenetics may help disentangle future diagnoses. Finally, in regard to laboratory
studies, evolutionary research into both genes expressed in the brain and estab-
lished neural circuits in animals shows that sometimes earlier systems have been
changed when recruited for specific “human” functions, placing limitations on
animal studies that simulate a human genetic disease of the brain. A great deal
of work lies ahead.

SUMMARY

This chapter can be summarized as follows: It asserts the principle that, although
we can not yet define many of them, autistic symptoms reflect a great variety of
underlying disease entities, each perhaps with a somewhat different neuropath-
ological mechanism. Autism/Asperger is a big syndrome. Now it is time, in the
next chapter, to explore how so many different diseases can all lead to the same
symptom complex of autism by modifying, interrupting, or redirecting the neural
pathways of behavior.
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Chapter 2

A Neurological Framework

Mary Coleman

Autism is the result of a neurodevelopmental disease process; where in the brain
it is localized is under intense study. Our present thinking on the cortical orga-
nization of primate memory is undergoing a Copernican change, from a neu-
ropsychology that localizes different memories in different areas to one that views
memory as a distributed property of cortical systems (Fuster 1997). And these
systems are almost beyond imagination: 30 billion neurons of 200 different types
with 1 million billion connections between them. Recently, the distribution was
observed via infrared mapping of the brain; it was found to be consistent with
distributed and complex functional representation of the cerebral cortex (Gor-
bach et al. 2003), rather than the traditional concepts of discrete functional loci
as demonstrated by brief cortical stimulation or by noninvasive functional im-
aging techniques. As Bachevalier (1996) has suggested, it is unlikely that the
symptoms of autism are going to be explained by the older lesion paradigms. A
neurodevelopmental disease has a much different origin at an earlier stage of
formation than a disease process attacking an already intact brain.

In the twentieth century, a brilliant behavioral neurologist, Norman Gesch-
wind, introduced the concept of the cerebral disconnection syndromes as central
to the classical syndromes of behavioral neurology (Geschwind 1965). For ex-
ample, the signature syndromes of the brain, such a Wernicke’s aphasia or Broca’s
aphasia, were originally based on reports of the effect of lesions in a localized
brain area. Mesulam (1990) has proposed that the complex behavioral domains
are coordinated by large-scale distributed networks, and damage to any network
component can impair behavior in the relevant domain. Focal brain lesions that
interfere with these processing streams lead to Geschwind’s disconnection syn-
dromes, such as apraxia, prosopagnosia, color anomia, amnesia, etc.

Mega and Cummings (2001) agreed that neuropsychiatric symptoms un-
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doubtedly reflect the dysfunction of 1 or more neural circuits that pass through
several different areas of the brain. In the case of autism, decreased functional
connections within the cerebral cortex and between the cortex and subcortical
regions were suggested in 1988 by Horwitz et al. Zilbovicius et al. (1995) pro-
posed the existence of poor connections due to delayed maturation of the cir-
cuitry of the frontal lobe in autism.

NEURAL NETWORK MODELS OF AUTISM

These connections, these large-scale distributed networks in the brain, are called
the neural networks. Neural networks are believed to have “emergent properties,”
that is, new properties not explicitly programmed into them from the onset. Since
it has been found that more than 90% of children with autism appear to have a
genetic component to their disease, interest in the early neurodevelopment of
these networks in autism and their constraints has increased. In 2001, Batshaw
and Towbin stated it plainly: The findings suggest that autism involves the ab-
normal development of a distributed neural network involving a number of
regions of the brain. Many now consider autism a disorder of neural information
processing of cognition and behavior (Belmonte et al. 2004), likely based on
neural networks (McClelland 2000). Neural network models of autism have been
suggested by Cohen (1994, 1998, 2004), Gustafsson (1997), and Casanova et al.
(2003) using computer models and neurobiological data. An attempt at a one-
paragraph comment on each theory, which can not even begin to touch the
complexity of these brilliant publications, follows.

Cohen (1994, 1998, 2004) has proposed a neural network model of autism in
which too many connections are established during development, perhaps owing
to inadequate pruning of irrelevant connections. Thus, while too few neurons
may not be able to solve a problem to begin with, having too many may impair
generalization and produce rigidity and resistance to change. Among many other
predictions, Cohen’s model explains savant skills.

According to Gustafsson’s 1997 model of the autistic brain, inhibitory lateral
feedback synaptic connection strengths of Kohonen-type neural networks are
excessive. This results in networks that attend to a restricted set of features in a
stimulus configuration (i.e., too much discrimination.) Excessive inhibition is the
primary culprit. Gustafsson and Paplinki (2004) used their neural network model
to test assumptions about attention shift impairments and familiarity preference
in autism.

Casanova et al. (2002, 2003) have reported that the minicolumns in the brains
of autistic subjects are narrower, with less peripheral neurophil space. This leads to
a neural network model in which autism could result from an imbalance between
the process of excitation and inhibition toward too little inhibition. Casanova’s the-
ory has been challenged by a regional brain chemistry study that disputes the hy-
pothesis of diffuse increased neuronal packing density (Friedman et al. 2003).
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All three neural network models are, in one sense, conceptually similar. They
all focus on a neurodevelopmental impairment in the neural networks that leads
to the concept that connectivity constraints are responsible for the attention to
the restricted range of details. They differ only in the types of constraints that
produce these problems (Cohen 2004).

In these neural network models, the brain in autism becomes impaired during
early neurodevelopment. That the connectivity of the networks is formed, at least
in part, in an unusual and aberrant fashion has been suggested by a variety of
studies of patients with high-functioning autism and Asperger syndrome that
raise the question of abnormal variability and scatter of functional maps in autism
(Muller et al. 2001). Evidence suggests that when standard circuits are inadequate
for a task, other circuits from other regions may be recruited for to perform that
task (Hazlett et al. 2004).

Another hypothesis that attempts to explain impairment during neurodevel-
opment in autism is that the usual networks form but are underdeveloped with
underconnectivity (Tsatsanis et al. 2003; Just et al. 2004). A rather different pos-
sibility is the hypothesis that overconnected neural systems prone to noise and
crosstalk result in hyperarousal and reduced selectivity (Belmont & Yurgelun-
Todd 2003). There also is a theory that networks are formed in a standard pattern
in the first place, but a later impinging on these tracts causes diminution of
function or the actual uncoupling of a disconnection syndrome (as might be
seen, for example, with neuroepithelial tumors). Many factors may slow or dis-
connect conduction in any neural network. Neural circuits can transverse through
a number of different brain regions and involve neurotransmitters, receptor sub-
types, and second messengers. In many disease entities presenting with autism,
it is still unclear exactly which circuits and where in those circuits the slowing
or interruption occurred, an essential first step in deciding which mechanism
caused the dysfunction.

Minshew et al. (1997) described a recurring profile in autism of dissociation
between intact or enhanced simple abilities with impaired higher order abilities
across cognitive and neurological domains; the investigators described a pattern
effecting memory, motor, language, abstract reasoning, and probably also sensory
domains. Further work by this group has led to their theory of underconnectivity
(Just et al. 2004). A related theory based on similar clinical observations is Frith’s
(1989) theory of weak central coherence. The Frith theory notes that higher level
processes impose coherence on lower level processes and that these components
may be normal except for weak coherence between them, which is expressed in
reduced connectivity and synchrony resulting in a bottleneck in the interaction
between higher order and lower order perceptual processes (Castelli et al. 2002).
The underconnectivity theory of Just et al. (2004) is somewhat different in that
it treats coherence as an emergent property of the collaboration among cortical
centers that may be or become abnormal because of their development without
adequate collaboration.
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It is too early to know at this time whether any or all of the network scenarios
can explain the symptoms of autism. In fact, if autism has many different eti-
ologies, it is even possible that some or all of these models are correct in at least
some individuals. Much of this theoretical work has arisen from the study of
speaking, high-functioning individuals with autism or Asperger syndrome. The
next frontier is investigation of the large group of low-functioning children with
autism, including those who are mute. This work might combine the information
already gleaned from studies of individuals with high-functioning autism com-
bined with those of individuals who are lower functioning.

In reality, our ignorance about how the brain creates normal behavior pat-
terns, much less the dysfunctional behavior seen in children with autism, is abys-
mal. Even with the best of methodological rigor, questions remain. In autism,
evidence suggests that both temporal and spatial maldevelopment or interruption
of behavioral circuits occur. Like the mental retardation syndromes, autism prob-
ably represents selected delays or dysmaturation in the central nervous system.
An example showing that even high-functioning children are not spared major
delays is the evidence of abnormal brain lateralization in high-functioning autism,
which probably signals maturational disturbances in establishing lateral prefer-
ence (Escalante-Mead et al. 2003).

Nevertheless, the scaffolding in which to begin to build blocks of enduring
information about autism may now be in place. The available sources of data
include those from the disciplines of neuropsychology, neuropathology, molecular
biology, biochemistry, electrophysiology, a number of different types of neuroim-
aging, and infrared mapping. In particular, the powerful tools of imaging studies
have raised many fascinating questions. However, these new imaging studies have
their limitations; the relationship between neural activity and blood flow, which
these methods often measure, is still uncertain; there also are limitations on
spatial and temporal resolution of the image and difficulties establishing statistical
criteria of neural activation. Studies are now emerging that caution against using
functional imaging as the sole method of establishing cognitive neuroanatomy
(Bird et al. 2004).

The way stations of neurocircuitry for social cooperation (Rilling et al. 2002)
and empathy (Carr et al. 2003) in the human brain are under intense investi-
gation. In the case of autism, the task is complimentary to the task of studying
the way stations in the neurocircuits impaired in the mental retardation syn-
dromes. Since so many individuals with autism function in the mental retardation
range, much overlapping useful information is being developed.

CENTRAL NERVOUS SYSTEM ONTOLOGY

A genetic plan for the development of the entire observable structure of the cortex
clearly exists (Fuster 2003). Events of central nervous system ontogeny have their
specific timetables that dictate when the genes for neuronal development and
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their enabling factors express themselves. Each has its critical period, a time
window when the particular set of enabling factors is essential for normal de-
velopment. This is the time when genetic errors or extraneous factors can most
readily derail or arrest this development. Thus, early neurodevelopmental path-
ogenesis in autism can directly affect or alter the emerging functional maps. The
plasticity of the human brain is greatest during the early developmental periods,
which might explain the utilization of alternative, but often less than fully sat-
isfactory, circuitry when essential neural pathways fail to develop or are blocked.
In the case of autism, a small literature showing utilization of several alternative
circuits in different individuals with autism already exists (Schultz et al. 2000;
Pierce et al. 2001; Muller et al. 2001, 2003; Nishitani et al. 2004). Thus, the autistic
syndrome is likely to be a disease entity affecting certain final common circuits
whose symptoms reflect inadequate, interrupted, or alternative function of con-
necting pathways, beginning in the fetal period with clinical expression in early
childhood.

DNA, discussed in the previous chapter, is the first step of a long just-
beginning-to-be-deciphered process from gene to behavior. This complex process
involves the expression of protein patterns at particular sites and at particular
times affecting the biological function groups of cytoskeleton arrangement, chro-
matin modeling, energy metabolism, and cell signaling, each with distinct neu-
rodevelopmental consequences. It is hard to be sure at this time which neuro-
developmental processes are specifically affected in autism. One process that has
drawn attention recently in autism studies is that of a possible diminution of
programmed cell death, apoptosis, that might account for the increased grey
matter identified in some studies (Waiter et al. 2004).

A number of factors known to affect neurodevelopment have been identified
as abnormal in children with autism. In neonatal blood samples, Nelson et al.
(2001) identified abnormal levels of two proteins of the mammalian neurotrophin
family, BDNF and NGF, which were originally identified as neuronal survival
factors. Perry et al. (2001) found increased levels of BDNF in postmortem brain
tissue taken from patients with autism. BDNF is also thought to be involved in
regulation of synaptic transmission, synaptogenesis in the CNS, and possibly as
an intercellular synaptic messenger in long-term potentiation in the hippocampus
(Lessmann et al. 2003). BDNF is the clearest example of a growth factor with
neurotropic properties whose concentration in venous blood increases with in-
creasing gestation age (Kaukola et al. 2004). Many factors such as maternal in-
fection regulate the expression of BDNF; the first evidence of abrogation of
BDNF-induced expression of synaptic vesicle proteins by a virus has been found
(Hans et al. 2004) and it may be the crucial end-product of the protein-synthesis-
dependent step in L-LTP. However, the neurotrophins and neuropeptides found
in the study by Nelson et al. (2001) to be abnormal are not specific to autism;
they also are abnormal in children who become mentally retarded without autism.

Identified genetic mutations appear to play a primary role during the neu-
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rodevelopment of some children with autism. There are many examples: the
tuberous sclerosis complex, caused by mutations in the gene, is the most frequent
diagnosis of a MCA/MR syndrome in a child with autism. Other known examples
of how early genetic mutations can cause primary aberrations in cell lineages are
the dysembryoplastic neuroepithelial tumors and the Hypomelanosis of Ito, rare
disease entities with autistic subgroups.

Cortical neurons are first formed in specialized proliferative regions with neu-
ronogenesis complete at 15 weeks of gestation. Then they migrate often as far as
a 1,000 cell-body lengths. There appear to be three different modes of neuronal
migration, including 2 forms of radial migration (somal translocation and glia-
guided locomotion), as well as tangential or nonradial migration. The third form,
tangential migration, is used by GABAergic neurons, a major class of inhibitory
neurons. Disorders of neuronal migration have been described in nonsyndromic
autism, as well as in a number of the MCA/MR syndromes in which a subgroup
of patients with autism exist (table 1-2). One of the initial MRI studies of carefully
selected children with nonsyndromic autism compared to controls found evi-
dence of UBOs, which are small white matter lesions of uncertain etiology now
usually interpreted as heterotopias (Nowell et al. 1990). The pathology study by
Bailey et al. (1998) showed neuronal heterotopias, focally increased numbers of
single neurons in the white matter, and neuronal disorganization. Most types of
neuronal migration appear to have a primary genetic basis, but this is not nec-
essarily true when migration fails. The type of neuronal heterotopias described
in autistic brains probably are due to genetic misinformation in most cases, but
they also may be caused by focal infarction of subcortical white matter during
fetal life. These infarctions destroy radial glial fibers that guide the migrating
neuroblasts and gliablasts to the cortical plate; disruption of their monorail trans-
port system leaves neuroblasts arrested in the middle course of migration, short
of their destination, where they mature as heterotopic cells but are unable to
establish their intended synaptic relations (Sarnat & Flores-Sarnat 2004). Neu-
ronal migration ends around the 20th week of gestation.

It is already known that whatever is going wrong in the young autistic brain
is unlikely to be uniform in its effect; marked variation across the cerebral regions
can occur. Certain abilities are preserved in most children with autism, suggesting
that those circuits remain intact; these abilities include visual-spatial perception
(Ozonoff et al. 1991) and noncerebellar motor function (Haas et al. 1996). Other
regions may experience the positive or negative effects of postulated abnormal
feedback systems; for example, Carper and Courchesne (2000) found in their
patients a significant inverse correlation between smaller, more abnormal cere-
bellar regions VI-VII and larger, more abnormal frontal lobe volumes.

There also appear to be both general and regional issues of neurodevelop-
mental timing which appear to be factors; idiosyncratic patterns of growth have
been described. A very interesting study of children with predominantly high-
functioning autism revealed early hyperplasia of cerebral cortex and cerebral
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Table 2-1 Shared symptoms of frontotemporal
dementia and autism

Marked male predominance
Impairment of social interaction
lack of social awareness
theory of mind impairment
absence (or loss of) empathy
difficulty learning or indifference to rules
Impairment in communication
speech abnormalities
Repetitive and stereotyped patterns of behavior
repetitive compulsive behaviors
perseveration
Lack of imagination
pathologically rigid personality
Eating disorders
Evidence of savant skills

References for symptoms of frontotemporal dementia: Greg-
ory et al. 2002; Miller et al. 2003)

white matter in the 2- and 3- year-old age groups, followed by slowed growth in
later ages (Courchesne et al. 2001; Carper et al. 2002).

Finally, before moving on from central nervous system ontology and its ap-
parently critical role in the genesis of the symptoms of autism in most affected
children, it helps to remember the limitations on how to interpret even the most
reasonable of hypotheses. At the other end of life there is a neurological disease
called frontotemporal dementia. In table 2-1, it can be seen that this disease of
old age mimics infantile autism in a number of ways. It is a surprise to see so
many shared symptoms, such as language problems, impairment of theory of
mind (ToM) and stereotyped behaviors in these older adult patients (Miller et
al. 2003). It is actually startling to note that adults with frontotemporal dementia
sometimes acquire gifted artistic drawing and colorist abilities even if they pre-
viously had no particular interest in art; these individuals are described by some
as at the same level of visual creativity observed in autistic savants!

CANDIDATE REGIONS IN AUTISM

A complex neurocircuitry in the brain handles social relationships with others
through visual social clues, vocal social clues, communication by language, ges-
ture, body language, affiliative behavior, etc. These social cognition circuits are
in process of being mapped in human volunteers by studying the way stations
of the social neurocircuitry. These centers, these waystations, also can be evalu-
ated neuroanatomically by imaging techniques in patients with behavioral dis-
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orders. However, the problem of neuroanatomical correlates with specific behav-
iors is particularly difficult when dealing with neurodevelopmental diseases that
begin in utero. In adult neurology, the cortical anatomy of particular gyri is likely
to be fairly consistent from 1 patient to the next. For example, modern technical
advances (preoperative fMRI and extraoperative ECS mapping with placement of
subdural electrodes combined with intraoperative iECS mapping and sensory
evoked potential monitoring) help neurosurgeons pinpoint precise function of
gyri where they are planning to operate. However, in the case of children in
general with their potential for neural plasticity, and particularly in children with
a neurodevelopmental disease such as autism, exact neuroanatomical diagnosis is
a much greater challenge in both neurology and neurosurgery.

The information about social, language, and behavioral circuits in autism has
been gathered mostly from the large group of nonsyndromic patients. It remains
difficult to unjumble the various underlying disease entities and subgroups in the
autistic populations used in these studies. The functional imaging information
that requires active participation is mostly based on a set of adult men with
Asperger syndrome or those with what is known as high-functioning/able autism.
This omits the majority of the population of individuals with autism, those who
test as mentally retarded. Based on the information reported, it seems likely that
individuals who have autism with ventriculomegaly or microcephaly have rarely
been tested. The not unreasonable rationale appears to be that, since the high-
functioning children with autism may have domains of superior functioning yet
still have autism, only certain selected networks can be involved in all patients
for autistic symptoms in general.

The candidate regions for autistic dysfunction being studied included many
of the major neural centers found on neural networks in the central nervous
system. These circuits are thought to be widely distributed and functionally di-
verse. They are being located by 2 different paradigms: hypothesis-driven and
non-hypothesis driven approaches. The hypothesis-driven approach was to try
to find the brain location of specific symptoms of autism by analogy with be-
havioral information from neurological cases or adult psychiatric cases. The non—
hypothesis (or less—hypothesis) driven approach was to study the brains of in-
dividuals with autism, usually by looking at the whole brain. Selected examples
of these studies are as follows:

The frontal lobes: The frontal lobes are the last to mature in the human brain,
as is seen in the frontal circuits with their executive function over other brain
areas. Their full expression may not be seen until the end of adolescence, so they
seemed unlikely to be involved in a disease like autism that begins so early in
brain development. Nevertheless, the relationship between brain maturation and
cognitive development during infancy includes a number of functions that appear
to be strengthened by the maturation of frontal and prefrontal cortexes (Diamond
et al. 1989). Higher order cognitive processes such as spatial working memory
are subserved by a distributed neural network in which prefrontal cortex plays a
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primary role. The orbitofrontal cortex, located right above the eyes, is thought
to process rewards and set up impulse control. The lateral orbitofrontal cortex
processes both the visual and vocal social cues that make it possible to recognize
the emotions of others and allows its integration into contextually appropriate
behavioral responses. The frontal region is important in the fundamental job of
executive function, processing and directing the development of socially appro-
priate behavior that is slowly coming “online” throughout childhood.

Many different types of studies completed in children and adults with autism/
Asperger syndrome show dysfunction in the frontal region. The most common
site of localized spikes in paroxysmal EEGs in children with autism and seizures
are at the Fz and Cz electrodes in the frontal region on both sides of the midline,
although not that specific (Hashimoto et al. 2001). Salmond et al. (2003) looked
at 14 children with autism individually using MRI and VBM and found an or-
bitofrontal cortex abnormality in all but 1. The dorsolateral prefrontal cortex had
decreased activation during a spatial working memory task in non-mentally re-
tarded people with autism (Luna et al. 2002). However, during a different verbal
memory task, patients had lower glucose metabolism in medial/cingulate regions
but not in lateral regions of the frontal area (Hazlett et al. 2004).

The effects of orbitofrontal lesions in nonhuman primates are said to provide
parallels to the emotional and affiliative dysfunction seen in Asperger syndrome
(Zald & Kim 2001). A PMRS study in Asperger syndrome found abnormalities
in the medial prefrontal lobe that were related to the severity of clinical symptoms
of autism (Murphy et al. 2002). The SPECT study by Ohnishi et al. (2000) found
hypoperfusion in the left prefrontal cortices. Higher metabolic rates of the right
anterior cingulate gyrus at baseline have been reported to predict response to the
serotonin-reuptake inhibitor drug fluoxetine in adults with autism, a similar pat-
tern of predictability to that found in depression (Buchsbaum et al. 2001). Focal
regions of decreased uptake of alpha[11C]methyl-L-tryptophan, interpreted as
serotonin, have been shown in the frontal cortex of boys with autism (Chugani
et al. 1999). Wilcox et al. (2002) reported that the abnormal findings in the
prefrontal area are more prominent with age.

The temporal lobes: The temporal lobes were one of the first areas of the brain
that fell under suspicion by autistic investigators owing to their clinical involve-
ment although their involvement is hard to establish (Hazlett et al. 2004). The
temporal lobes were found to be damaged in diseases with significant subgroups
of patients with autistic symptoms, such as tuberous sclerosis and herpes en-
cephalitis; tumors in both temporal lobes have been found in patients with au-
tism. Bilateral involvement of the temporal lobes in autism has been reported by
several imaging studies (Boddaert et al. 2002; Ohnishi et al. 2000), while bilateral
temporal hypometabolism in early infancy even has been used to predict DSM-
IV autism (Chugani et al. 1996).

The superior temporal gyrus has become an area of focus of many autism
studies; it is marked in its posterior aspect by the presence of horizontal con-



2. A Neurological Framework 49

volutions (the transverse temporal gyri) known as Heschl’s convolutions. The
superior temporal gyrus appears to be specialized for perception and compre-
hension of spoken words, although the degree of laterality is still somewhat con-
troversial. This gyrus is where the N1c/Tb wave of late auditory evoked potentials
are generated. In the study by Bruneau et al. (2003) utilizing such potentials, a
stronger intensity on the right side was seen in children with autism instead on
the left side as was seen in the matched control children. A PET study by Bod-
daert et al. (2003) also confirmed greater right temporal activation to speech
sounds in autism.

Processing the human face is at the focal point of most social interactions.
The fascination of the infant with the mother’s face starts up that social learning
process as early as the neonatal period. From birth, human infants prefer to look
at faces that engage them in mutual gaze; from an early age, healthy babies show
enhanced neural processing during a direct gaze. This exceptionally early sensi-
tivity to mutual gaze in human babies is arguably a major foundation for the
development of social skills (Farroni et al. 2002). Face processing goes through
identified visual pathways, parts of which appear deficient in autism (Deruelle et
al. 2004). A study using differential event-related potentials found that the specific
potential usually used for processing faces was larger for furniture than faces in
adolescents and adults with autism (McPartland et al. 2001).

The fusiform gyrus in particular has a region in its lateral aspect that is more
engaged by human faces than any other category of image; it is known as the
fusiform face area (FFA). Functional MRI has shown that typical children con-
sistently activate several neural areas, especially the FFA, when performing a face
perception test. Hypoactivation of the fusiform gyrus has been reported in chil-
dren with autism (Critchley et al. 2001). However, the hypoactivation reported
in autism probably should be interpreted not as caused by a simple dysfunction
of the FFA, but rather due to more complex anomalies in the distributed network
of brain areas involved in social perception and cognition (Schultz et al. 2003;
Hadjikhani et al. 2004). It should be noted that some children with autism,
however, “see” faces utilizing their own aberrant and individual-specific neural
sites outside FFA (Pierce et al. 2001). Each child may have his or her own unique
and compensatory neural circuitry, often omitting the FFA site. Dysfunction of
the fusiform gyrus, however, is not unique to autism; the volume of the fusiform
gyrus is bilaterally reduced in first-episode patients with schizophrenia (Lee et al.
2002a).

The insula: Another area of interest is the insula, where a SPECT study by
Ohnishi et al. (2000) found hypoperfusion bilaterally in autism. The insula is
believed to play a fundamental role in a mechanism of action representation that
allows for empathy and modulates our emotional content (Carr et al. 2003).

The limbic system: The limbic system seemed like an obvious choice for pa-
thology because of the nature of autistic symptoms. When Bauman and Kemper
(1985, 1994) began neuropathological studies of autism, they found small, densely
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distributed neurons there, especially in fields CA1 and CA4. Brothers (1990) and
Baron-Cohen et al. (1999) have proposed that the amygdala is the most likely
site of damage to the impaired neural network in autism. Based on nonautistic
neurological cases with focal bilateral amygdala damage, Adolphs et al. (2001)
hypothesized that, in autism, the poor recognition of emotional and social in-
formation from faces might be due to bilateral amygdala dysfunction. By directly
comparing test results from neurological cases, these authors found some parallels
since the 8 subjects with autism made abnormal social judgments regarding the
trustworthiness of faces. However, other studies of both patients with bilateral
damage to the amygdala (Amaral et al. 2003) and with autism (Salmond et al.
2003) do not support the hypothesis that impairment of the amygdala is always
an underlying component of autistic symptoms. Regarding its size, the amygdala
has been reported to be both decreased (Aylward et al. 1999) and increased
(Sparks et al. 2002) in autism.

Other areas within the limbic system, such as the area dentata, have been
reported to be significantly smaller in young children with autism (Saitoh et al.
2001).

If one turns from areas of underperformance to areas of overperformance in
autism, at least part of the limbic system appears quite intact. The most functional
sensory system of many children with autism is the olfactory system, which is
part of the limbic pathways. Children who are savants might use some aspect of
a memory circuit that includes the amygdala.

The corpus callosum: Studies, including an MRI study in which enlarged cor-
tical lobes were found, have suggested that the corpus callosum is diminished in
size (Piven et al. 1997); however, later studies dispute this (Herbert et al. 2004).
Whether anterior or posterior subregions may be abnormal is another point of
contention.

The thalamus: The thalamus is a vital part of sensory pathways. There is
evidence of focal areas of decreased uptake (Ryu et al. 1999). Researchers have
found reduced thalamic volume (Tsatsanis et al. 2003; Waiter et al. 2004). Alter-
ation of the circuits through the thalamus may account for some of the perceptual
peculiarities so noticeable in individuals with autism.

The brainstem: The brainstem was first identified as possibly abnormal in
autism by Rimland (1964) who targeted its reticular formation. Piven et al. (1992)
found the size of the pons did not differ between autistic subjects and controls
and Hardan et al. (2001) reported that the brain stem had a normal volume.
However, Rodier et al. (1996), Hashimoto et al. (1993) and others have shown
neuropathological shortening of the brainstem and abnormal inferior olive in
some cases. Evidence from other neurological forms of mutism in children sug-
gests that brainstem malfunction might be a factor underlying autistic mutism
(chapter 5). A brain stem location in some forms of autism also is suggested by
the common group of anomalies noted in the Mobius sequence, a congenital
palsy of the 6th and 7th cranial nerves, as well as thalidomide embryopathy; these
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2 syndromes contain a subgroup of children who meet autistic criteria (Miller et
al. 1998).

The cerebellum: Abnormalities in the cerebellum have been identified by a
number of different disciplines. This was the first location in which abnormalities
were consistently found by the early pathological studies (Ritvo et al. 1986; Kem-
per & Bauman 1998) and many subsequent studies of autism. The finding of
hypoplasia of neocerebellar vermal lobules VI-VII appeared at first to be an im-
portant key to autism (Courchesne et al. 1988), as these regions give rise to output
pathways that eventually connect the cerebellum with the cerebral cortex. It is
likely that this finding remains relevant to individuals with autism who have such
vermal hypoplasia. But it is not abnormal in all patients with autism, nor is such
hypoplasia specific to autism since it can be found in nonautistic disease entities.
McAlonan et al. (2002) also report significantly less grey matter in the cerebellum.
Reduced Purkinje cell size and specific receptor abnormalities in cerebellar cortex
are now being described (Lee et al. 2002b; Fatemi et al. 2002a, 2002b). Yet studies
by Abell et al. (1999) and Hardan et al. (2001) found increased grey matter
volume in regions of the cerebellum, while Waiter et al. (2004) reported no
significant changes in grey matter volume. A monozygotic twin study found clin-
ical discordance was echoed in discordance of grey and white matter volume of
the cerebellum only (Kates et al. 2004). Behavioral studies have found evidence
for a cerebellar role in the symptoms of reduced exploration and stereotyped
behavior in autism (Pierce & Courchesne 2001). See chapter 3 for in-depth in-
formation about the cerebellum in autism, including the effect of cerebellar le-
sions on affective control and executive functioning circuits.

Summary of candidate regions: Regarding the ability to evaluate these attempts
of brain localization, there are limitations to questions of homogeneity of the
populations studied and to technical, attentional, and age-dependent problems
(Wilcox et al. 2002). But one thing does seem clear: the totality of all the infor-
mation just discussed suggests that there can not be just a single anatomical
location, one specific regional pathology, whose abnormality underlies the symp-
toms of autism in all patients. To quote Salmond et al. (2003) “Autism is unlikely
to be associated with abnormality in one particular location alone. Instead the
autistic phenotype may reflect abnormalities within a particular neural system or,
indeed, multiple systems.”

The neuronal centers being studied are part of a massively connected brain,
yet a developmentally dysregulated brain. Earlier attempts to localize the symp-
toms of autism in a single brain region are being replaced by models that pos-
tulate a disruption and/or modification of parallel distributed or dynamic circuits
with evidence of aberrant connectivity. The variety of anatomical locations in-
volved in these circuits reflects early developmental changes and early neuro-
modulary discrepancies. With so many different disease entities associated with
autistic symptoms, it is possible that the social circuitry of the brain is affected
at a number of different sites and by a number of different means. Just as there
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is no one genetic error, there likely is no one neuroanatomical site of circuit
disruption. To look at the many factors involved, evidence available about syn-
aptogenesis, the neurotransmitters at the synapse, the circuits of the neural net-
works themselves, and the myelin that covers them must be reviewed. These
pathological processes may continue to play out throughout gestation and the
perinatal period and into early childhood.

TROUBLE AT THE CELLULAR LEVEL: SYNAPTOGENESIS

The formation of synaptic contacts in human cerebral cortex in auditory cortex
(Herschl’s gyrus) and the prefrontal cortex begin before gestational age 27 weeks,
before the beginning of the third trimester (Huttenlocher & Dabholkar 1997).
The phase of net synapse elimination occurs late in childhood, earlier in auditory
cortex where it has ended by age 12 years, than in prefrontal cortex where it
extends to midadolescence. As examples of problems with synaptogenesis in a
brain in which autistic symptoms have been demonstrated, there will be 2 ex-
amples, 1 from syndromic and 1 from nonsyndromic autism.

Probably the best studied MCA/MR disease with autistic features is the fragile X
syndrome, although only a small minority of children have the complete autistic
syndrome. It has been demonstrated that people with the fragile X syndrome show
immature dendritic spine morphology (Irwin et al. 2000), and it now is known that
the fragile X protein made from the gene is synthesized in dendrites (Govek et al.
2004). Since there is evidence that this neurotransmitter-evoked protein synthesis
is reduced in vivo (Greenough et al. 2001), the intriguing question is whether one
role of the FMR protein in normal brains could be to regulate the translational re-
sponse to synaptic stimulation, a prerequisite for synaptic plasticity. (Plasticity is of
course necessary for modification of learning and is the opposite of rigid thinking,
a characteristic of the autistic symptom of “need for sameness.”)

In nonsyndromic patients with autism/Asperger, mutations have been found in
the 2 X-linked genes encoding neuroligins NL6N3 and NL6N4 (Jamain et al. 2003)
(Laumonnier et al. 2004). Deletions at Xp22.3 that include NL6N4 had previously
been reported in several autistic individuals (Thomas et al. 1999). Neuroligins are
part of the machinery employed during the formation and remodeling of CNS syn-
apses (Scheiffele et al. 2000). Among the various proteins involved in the establish-
ment of neural networks, cell-adhesion molecules are essential factors for the iden-
tification of the appropriate partner cell and the formation of the functional
synapse. NL6N3 and NL6N4 encode cell-adhesion molecules present at the post-
synaptic side of the synapse.

TROUBLE WITH THE NEUROTRANSMITTERS

Abnormal levels of body fluids that might implicate biochemical pathways im-
portant for brain function have been found in children with autism; imaging
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studies have added even more data. In fact, the more scientific questions that are
posed, the greater the number of neurotransmitters that appear to be involved.
However, the interpretation of these findings is far from clear. Although some
investigators believe that these abnormal levels may signal a primary defect, others
believe that the biochemical abnormalities of these systems in almost all cases
appear to be nonspecific, with what apparently could be interpreted as secondary
or compensatory roles. Different sets of cousin neurotransmitter pathways have
been identified in a number of studies in individuals with autistic traits: one set
is the tryptophan/tyrosine systems and another is the purine/pyrimidine systems.
Other neurotransmitter systems also are of interest. The glutamate/GABA neu-
rotransmitter system has been studied because of the frequency of epilepsy in
autism and because subunits of the GABA, receptors cluster within the region
of chromosome 15q11-q13. Another neurotransmitter under investigation is ace-
tylcholine (Lee et al. 2002b; Martin-Ruiz et al. 2004); an early study reported that
the symptoms of irritability and hyperactivity in children with autism respond
to an acetylcholinesterase inhibitor, donezipil (Hardan & Hardan 2002).

The tryptophan/tyrosine system

The very first biochemical abnormality found in a group of children with autism
was a high level of serotonin in the whole blood of 6 of 23 patients (38%) (Schain
& Freedman 1961). Serotonin is a neurotransmitter in the tryptophan pathway,
and this finding has stood the test of time. A number of studies have confirmed
that approximately 40% of children with autistic features have a high level of
serotonin in their platelets as measured by the whole blood method, while a small
number, less than 5%, have a low level. Besides being a neurotransmitter, sero-
tonin also plays a role in neurogenesis, neuronal differentiation, neuropil for-
mation, axon myelination, and synaptogenesis (Whitaker-Azmitia 2001). An early
low level of serotonin causes narrow neural columns in animals. A rat model of
autism, created by treating fetal rats with the serotonin agonist 5-methoxytryp-
tamine, is said to partially mimic both clinical and imaging findings found in
children with autism (Kahne et al. 2002). During childhood, serotonin synthesis
capacity in the brain of children with autism has been shown to start to increase
at a later age and persist longer than the increase seen in normal children, but
still never reach the top capacity of the controls and these abnormalities may be
specific to clinical subgroups (Chugani et al. 1999; Behen et al. 2004).

A number of studies of genes related to serotonin in children with autism
have been performed, so far without clear-cut results. In spite of the questions
raised by studies of serotonin transporter genes (Coutinho et al. 2004), another
study did not find a significant relationship between serotonin blood levels and
serotonin transporter gene polymorphisms in children with autism (Betancur et
al. 2002), nor did a study of the serotonin transporter locus in an autistic phe-
notypic subset of families with compulsive behaviors and rigidity (McCauley et
al. 2004). Serotonin type 2A receptors are now under study.
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Table 2-2 Disease entities with abnormal levels of
serotonin in syndromic autism

High levels of serotonin Low levels of serotonin
Congenital hypothyroidism de Lange syndrome
Maternal rubella Phenylketonuria
Tuberous sclerosis West syndrome

Williams syndrome

At this time, one explanation of the abnormalities found in the serotonin
system of children with autism appears to be that they are nonspecific and sec-
ondary to other biochemical abnormalities. Abnormal levels of serotonin in blood
have been found in certain diseases that have a subgroup of patients with autistic
features (table 2-2), as well as many other diseases. It is of historical interest that
the serotonin level in the blood of children who may have diseases with a sub-
group of autism has been brought toward or into the normal range by correcting
the underlying disease biochemistry. Examples of this correction phenomenon
are bringing down into the normal range the high whole-blood serotonin levels
in patients with congenital hypothyroidism by the administration of the thyroid
hormone (Coleman 1970), and bringing the low level of serotonin up into the
normal range in children with phenylketonuria by placing them on the low phen-
ylalanine diet (McKean 1971).

In the tyrosine pathway, the first enzyme in the pathway, phenylalanine hy-
droxylase, is involved in PKU autism. Dopamine-beta-hydroxylase (DBH), the
enzyme responsible for the final step in norepinephrine biosynthesis, has neen
shown to be statistically lower in children with autism (Goldstein et al. 1976).

Both the tryptophan and tyrosine pathways utilize monoamine oxidase at the
catabolic end of the pathway. Although there were 7 negative studies of mono-
amine oxidase in the platelets, plasma, and fibroblasts of children with autism
from 1976 to 1980 (summarized in Coleman & Gillberg 1985), a relationship has
now been described between severe autistic behavior and low IQ with a functional
polymorphism (a low-activity MAOA allele) in the monoamine oxidase promoter
region (Cohen et al. 2003).

The purine/pyrimidine system

Hyperuricosuria, the presence of excessive amounts of uric acid in the urine in
children with autism, appears to be a phenomenon of childhood only; it was
found in more than 25% of the children under the age of 12 years (Coleman et
al. 1976). The uric acid in the urine is the final endproduct of all the purine
pathways. With the onset of adolescence, however, the hyperuricosuria tapers off
or disappears in almost all cases. This creates the rule that if a child loses hyper-
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uricosuria after puberty, a diligent search for a purine enzyme error is unlikely
to be rewarded.

However, a few children with autism do have established metabolic errors of
the purine metabolic pathway. One such disease is adenylosuccinate lyase defi-
ciency (ADSL), which is based on genetic errors in the enzyme that catalyzes 2
different steps in the purine pathway. The error is usually due to a point mutation
in the gene, although a deletion in the gene also has been reported (Kohler et al.
1999). In the original paper by Jacken and Van den Berghe (1984), describing
the abnormal biochemistry of succinyl purine compounds, 3 children with autism
were described. There are now many more reported ADSL cases with autism,
although not all children with this disease meet autistic criteria. Another meta-
bolic error results in nucleotidase-associated pervasive developmental disorder
(NAPDD) (Page et al. 1997). In this very rare disease entity, 5 nucleotidase, an
enzyme that cleaves purines and pyrimidines equally well, is elevated.

Virtually all the children who have hyperuricosuria during childhood do not
have an established disease entity of purine metabolism; the reason for the hy-
peruricosuria is not known. A remote possibility is that these children might be
showing during their childhood years only a secondary effect of the over-
production of purines that are part of the response to their genetic makeup, as
suggested by elevated mRNA levels (Purcell et al. 2001), or of other indirect
genetic effects.

The GABA/glutamate system

The GABA/glutamate system in autism is under increasing scrutiny. In the case
of GABA, diminution of benzodiazepine binding sites (Blatt et al. 2001) and
alterations in plasma, platelets and urine have been reported. Patients with autism
have been described in succinic semialdehyde dehydrogenase deficiency and the
pyridozine-dependency syndrome, disorders which involve GABA (see table 1-
5). There is evidence pointing toward autism risk alleles in the GABA, receptors
(McCauley et al. 2004) and the reelin gene. A question has been raised about
levels of GABAergic interneurons. Regarding glutamate, it has been proposed that
autism may be a hypoglutamingeric disorder. Subjects with autism may have
abnormalities in glutamatte receptors (Jamain et al. 2002) and transporters (Pur-
cell et al. 2001).

TROUBLE WITH CIRCUITRY IN AUTISM

The effect of the neurotransmitters is translated postsynaptically into electrical
impulses of the neural circuits. According to the distributed cortical network
theory of brain function, all thoughts and actions are believed to be encoded in
patterns of neuronal electrical activity, and the circuits of nerve cells connected
by synapses are dedicated to processing the information in these patterns. How-
ever, the question of exactly which are the candidate circuits that might be im-
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paired in autism is difficult to study at this time for a number of reasons. A
major problem at present is that the dysfunctional circuits identified in children
with the social cognition problems of autism appear to be involved in other
disease entities as well and do not appear to be unique to autism. Another major
problem is that, like some individuals with the multiple cognitive dysfunctions
of mental retardation, a number of individuals with autism may have developed
somewhat unusual circuitry. In mental retardation research, the pathways of
shared cognitive pathogenesis show defects in synapses, axon maintenance, and
trafficking (Nokelainen & Flint 2002).

ToM refers to the ability to attribute mental states to self and others, and to
predict and understand other people’s behavior on the basis of their mental states.
Clinical deficiencies of ToM are well documented in children with autism and
can be one of their most devastating clinical handicaps. In control subjects, the
ToM task is performed in a network consisting of the amygdala (Fine et al. 2001),
the medial prefrontal cortex (Shallice 2001), the cingulate cortex, the extrastriate
cortex, and the temporoparietal junction. However, the same clinical deficiency
of ToM can be found in other disease entities such as paranoid delusional schizo-
phrenia and frontotemporal dementia (table 2-1). Interestingly, Gregory et al.
(2002) found a striking correlation between the magnitude of impairment on
ToM testing and the degree of frontal atrophy in patients with frontotemporal
dementia; this helped reinforce the supposition that functioning frontal lobes are
an essential part of the circuit for ToM processing (Stuss 2001).

A number of studies show that individuals with autism have aberrant acti-
vation in the regions associated with ToM, including the medial prefrontal cortex
(Castelli et al. 2002), while performing ToM tasks and “mentalizing” (Happe et
al. 1996; Baron-Cohen et al. 1999). However, such a circuit is far from certain;
a recent stroke patient with extensive damage to medial frontal lobes thought to
be critical for ToM did not have significant ToM impairment (Bird et al. 2004).
Corticocingulate circuitry was also implicated during an oculomotor spatial
working memory task; there was evidence of decreased activation of the dorso-
lateral prefrontal and posterior cingulate circuitry (Luna et al. 2002). Whether
ToM is domain specific, with its own dedicated neural circuit, or whether it is
processed by domain-general cognitive functions is not yet established. In fact,
the neural systems implicated in ToM and in responding to the emotional ex-
pression of others appear to be the same neural systems involved in working
memory, impulse control, and decision-making (Bechara 2002).

In 1997, Chugani et al. studied boys with autism and proposed that the con-
nectivity of a dentato-thalamo-cortico pathway might be disrupted during de-
velopment, causing decreased serotonin synthesis in the cerebral cortex, which
has developmental implications including sensory integration and concomitant
language impairment. A study of adults with autism also reported atypical func-
tional impairment of the dentato-thalamo-cortical pathway for language activa-
tion (Muller et al. 1998). Hardan et al. (2001) also noted a cerebellothalamo-
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cortical circuit involved in information reception and processing in adolescents
and adults with autism. In addition, Townsend et al. (2001) interpreted their
event-related potential study of spatial attention as evidence of impaired cere-
bellofrontal circuits. The dentato-thalamo-cortical tract is an interesting circuit
that can be surgically injured resulting in cerebellar mutism (Wang et al. 2002),
yet the phenomenon of diaschisis may occur. Diaschisis produces a disruption
of cerebral oxygen metabolism, glucose metabolism, and blood flow in the sec-
ondarily affected cortical area (Meyer et al. 1993), and in the case of diaschisis,
function partially or completely returns in that remote, temporarily deactivated
region as the primary cerebellar lesion heals.

Regarding circuits that might be involved in Asperger’s syndrome, McAlonan
et al. (2002) have suggested that abnormalities in the frontal-striatal circuits result
in defective sensory-motor gating with consequently characteristic difficulties in-
hibiting repetitive thoughts, speech, and actions. Frontal-parietal circuits may be
involved in some patients, as exemplified by the circuits involved in catatonia,
the orbitofrontal/prefrontal-parietal/cortical circuits.

What is already known is that different circuits may be involved in different
disorders. Networks impaired in bipolar disorder might also be involved in the
infantile autistic bipolar disorder (frontotemporal, ventral and medial prefrontal,
and amygdalar) (Blumberg et al. 2002). Networks under siege in Tourette’s syn-
drome may also be involved in the Zappella dysmaturational syndrome of chil-
dren with autism and tics, such as the cortico-striatal-thalamo-cortical circuits.

But, although we can make educated guesses, we do not yet know which
networks are involved in most children with autism. It is important to acknowl-
edge what is not known.

TROUBLE WITH MYELINATION OF THE
NEURAL NETWORKS

Myelin plays an essential but largely under appreciated role in human brain
structure and function. Myelin is a vital part of any neural network. Its impor-
tance in increasing axonal transmission, reducing action potential time, and im-
proving synchrony of brain function is well established. Myelination is inextri-
cably associated with the speed of human brain cognitive processing; there is
early evidence that processing speed has a genetically influenced association with
white matter volume (Posthuma et al. 2003). The process of myelination is re-
gionally and temporally heterochronologic; females have a faster developmental
trajectory, reaching peak myelination levels earlier than males in multiple regions.
One possible extrapolation of that data might explain why girls tend to have a
faster trajectory of language acquisition (Karrass et al. 2002). According to the
model developed by Bartzokis (2004), the promyelinating effects of female gender
may help protect from the developmental vulnerabilities of the myelination pro-
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cess. He speculates that dysregulation of the uniquely vulnerable developmental
trajectory of myelination in humans might interfere with special human functions
such as language and higher executive function.

In 1986, a hypothesis was proposed that a potential etiological factor in autism
was abnormal brain development resulting from dysfunctional myelination (Reiss
et al. 1986) White matter pathways of the limbic and paralimbic circuits have
been found significantly different in socially deprived orphans. To examine this
question, first there will be a look at a few of the established diseases with syn-
dromic autism in which there is relevant data and then review more recent data
on nonsyndromic autism. It is known that each disease entity has its own mech-
anism of harming the myelin; some are characterized by dysmyelination (abnor-
mal development of myelin because of a metabolic error preventing the normal
sequence of events) and others by demyelination (the loss of previously acquired
normal myelin through some superimposed neuropathologic process).

Phenylketonuria (PKU) is an aminoaciduria whose symptoms occur as a con-
sequence of mutations in the PAH gene, leading to the underperformance of
phenylalanine-4-hydroxlase, a critical enzyme for the catecholamine pathway of
dopamine and norepinephrine. The high level of the amino acid phenylalanine
and its metabolites backed-up behind the poorly functioning enzyme also inter-
fere with related metabolic pathways, such as the serotonin pathway.
Phenylalanine-4-hydroxlase fails to function either because the enzyme itself is
genetically diminished or the amount of its cofactor tetrahydrobiopterin (BH4)
is inadequate owing to a metabolic defect in the synthesis or regeneration of
BH4. A percentage of patients with phenylketonuria have been diagnosed as
having autism in the past; fortunately, PKU autism is becoming a rare disease in
countries where children undergo newborn screening (Baieli et al. 2003). Neu-
ropathological studies have shown that myelin is primarily affected in phenyl-
ketonuria. Evidence indicates that high levels of phenylalanine may induce oli-
godendrocytes, the brain cells that make myelin, to adopt a nonmyelinating
phenotype (Dyer et al. 1996). In untreated PKU patients, findings that suggest
the process of dysmyelination is delayed myelination, fibrillary gliosis, excess
white matter water, and low concentration of myelin components such as cere-
brosides, sulfatides, and cholesterol (Martin & Schlote 1972). However, in this
complex disease, myelin is only one of several brain tissues injured by the block-
age of phenylalanine-4-hydroxylase.

Congenital rubella is also primarily a disease of the past. It is responsible for
very few children with autism since vaccination against rubella has been insti-
tuted, (although a few rubella cases are resurfacing in segments of modern so-
cieties in which families refuse rubella vacations for their children). After the last
big epidemic in the United States in 1964, many cases of children with rubella
autism were published. One rubella birth defect evaluation project in New York
identified 10 children with autism and 8 more with limited autistic symptoms
(Chess et al. 1971). It is interesting that a longitudinal study of these 18 cases
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found that 7 had improved or recovered with respect to autistic symptoms (Chess
1977). Neuropathological studies of congenital rubella show extensive involve-
ment of cerebral blood vessels. The most frequently affected are the penetrating
vessels in the deep white matter and the basal ganglia. This is believed to lead to
foci of inflammation or eventual necrosis in the white matter, ischemic sequelae
of periarterial and pericapillary degeneration that is a direct effect of the rubella
virus on the blood vessels (Lane 1996). In this disease entity, there appears to be
demyelination secondarily to cerebral vascular pathology.

A number of the phakomatoses, or neurocutaneous syndromes, are best
known for their propensity to produce benign and malignant tumors. In recent
years, MRI and various neuropathological studies have brought to light a number
of abnormalities of the cerebral white matter in these entities. In the case of
tuberous sclerosis complex (see chapter 5), despite the name of the disease being
derived from the tubers, most of the other lesions are found in the white matter
(Filley 2001). The white matter lesions are usually found in the frontal cortex.
Tuberous sclerosis complex affects a significant number of children who present
with autism: in a population of all children with autism, 1% to 4% have tuberous
sclerosis complex. Another neurocutaneous syndrome, neurofibromatosis, results
in 2 kinds of lesions in the white matter. In the subcortical white matter high
signal changes are seen on MRI and thought to represent dysmyelination, ha-
martoma, heterotopias, or even edema. Also, increased cerebral white matter
volume has been observed, both in the cerebrum as a whole and in the corpus
callosum. A number of children with neurofibromatosis have been described with
autistic symptoms. Hypomelanosis of Ito, with hypopigmentation and neurolog-
ical features, is associated with a number of peculiar white matter findings. These
include periventricular white matter hyperintensity and absent delineation be-
tween cortical gray and white matter. Up to 10% of children with this disease
show autistic features.

Only a small number of patients (summarized in Gillberg & Coleman 2000)
have been described with autism and one of the mucopolysaccharidoses, a group
of lysosomal storage diseases. Although many brain tissues are involved (Zafeiriou
et al. 2001), diffusely delayed myelination has been reported (Johnson et al. 1984).
More commonly, cribiform (sieve-like or multicystic) changes occur in the white
matter and may even mimic a leukodystrophy (Barone et al. 2002).

The leukodystrophies are the classic disorders of white matter in childhood,
but autism is almost never found among them. There is only 1 patient in the
literature with autism and adrenomyeloneuropathy (Swillen et al. 1996) and 10
PDD children with a nonspecific pseudodeficiency of the enzyme arylsulfatase
A that underlies metachromatic leukodystrophy (Alessandri et al. 2002). This
virtual absence of reports in the leukodystrophies could be interpreted to sug-
gest that autistic symptoms are related to myelin, they must arrive from alter-
ations with selective myelinated pathways rather than a direct problem in my-
elin itself.
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Moving on to the subject of nonsyndromic autism, such possible selective
pathways have been described by Barnea-Goraly et al. (2004). They examined the
white matter in 7 male children and adolescents with autism and compared them
to matched controls. Diminished white matter tracts were found adjacent to a
number of cortical centers, as well as in the occipitotemporal tracts and the
corpus callosum; Bigler et al. (2003) found a trend toward smaller white matter
stem volume of the temporal lobe. McAlonan et al. (2002) also had found wide-
spread differences in white matter, as they also reported less gray matter in the
frontostriatal and cerebellar regions.

It can be confusing to note that another set of research papers report a some-
what opposite phenomenon: an abnormally large white matter volume in autism.
Studies of high-functioning individuals with nonsyndromic autism or Asperger
syndrome have often shown enlargement of both global brain volumes and spe-
cific neural structures. In some cases, white matter volume increase appeared to
be the major factor in increased brain volume, although there may have been a
selected increase in gray matter, too. Herbert et al. (2004) report that the increase
in white matter is limited to the radiate outer white matter, which is myelinated
later or during a longer time interval. In the Courchesne et al. (2001; 2003)
papers, the brain volume increase occurred postnatally so that, by 2 to 3 years
of age, up to 37% of high-functioning children had become macrocephalic. In
the series by Carper et al. (2002), 2- and 3-year-old children had a white matter
and gray matter hyperplasia with an anterior to posterior gradient, while older
children had neither gray nor white matter differences.

In syndromic autism, both decreased cerebral cortex (Kagawa et al. 2004) or
postnatal forms of brain enlargement or actual macrocephaly developing
throughout infancy been described as in Sotos syndrome (see chapter 4). In some
studies on syndromic autism, these changes can be due to gray rather than white
matter. Total gray matter was greater in high-functioning individuals with autism
of the average age of 16 years than it was in controls (Waiter et al. 2004). The
increased gray matter volume was primarily in the right posterior and left anterior
cerebral hemispheres; in this paper, a decrease of global white matter volume did
not reach significance. A paper by Abell et al. (1999) that used similar voxel-
based morphology to study individuals with autism of the average age of 28 years
found less extensive differences, with decreases in gray matter in anterior and
increases in posterior parts of the system.

The failure of so many of the various papers mentioned throughout this chap-
ter to confirm each others’ findings does not necessarily discredit these often
carefully done studies. The contradictions and confusions seen in the literature
reflect technical differences, as well as our lack of diagnostic knowledge regarding
nonsyndromic autism. In spite of rigorous standards of psychiatric diagnosis,
homogeneity in the populations chosen for investigation is likely lacking.
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HOW THE INFORMATION IN THIS CHAPTER
MIGHT RELATE TO CLINICAL FINDINGS IN THE
AUTISTIC SYNDROME

In spite of the amount of information detailed in this chapter, our understanding
of the neural substrate of the symptoms of autism/Asperger is largely unknown.
A review of the clinical symptoms themselves shows only islets of knowledge.

Children with autistic syndromes have impaired social interaction
and lack empathy

Social perception in typical control subjects causes activation of a network that
performs face recognition (right fusiform gyrus), perception of eye gaze (superior
temporal gyrus), and ToM (anterior cingulate and superior temporal sulcus). In
studies in autism, the information is confusing and inadequate. Selected deficits
of components of the social network have been demonstrated in the ToM studies,
face perception tests, and other related studies, yet both increases and decreases
in gray matter also have been reported in the same areas. Another postulated
circuit involved in autism is the cerebellothalamocortical circuit. In truth, it is
not known exactly which or how many circuits are involved in autism symptoms.
Some children with autism appear to function with aberrant and individual-
specific circuits.

The word “empathy” appears to refer to 2 different and separate phenomena
generated by 2 different neural circuits (Eslinger 1998). Evidence suggests that
the empathy deficit in autism/Asperger may be due to the inability to integrate
the cognitive and affective facets of another person’s life (Shamay-Tsoory et al.
2002). In a recently developed Empathy Quotient, adults with high-functioning
autism or Asperger syndrome scored significantly lower than did age, sex-
matched peers (Baron-Cohen & Wheelwright 2004).

Children with autistic syndromes have a disabling need for sameness

Insistence on sameness is a primary symptom of autism that can be extremely
troubling to family life. Dysfunction of the right medial temporal lobe has been
implicated in the insistence on sameness in autism. Preliminary molecular genetic
analysis of this phenotypical trait has shown linkage to the chromosomal 15q11-
q13 region at the GABRB3 genetic locus (Shao et al. 2003).

Children with autistic syndromes exhibit repetitive and stereotyped
patterns of behavior

The repetitive and stereotyped patterns of behavior in autism have been com-
pared to obsessive-compulsive disorder in older patients, but this can be mis-
leading. Obsessive-compulsive behavior has been associated with hypermetabol-
ism of the orbitofrontal cortex both at rest and when confronted with triggering
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stimuli; also, successful pharmacological treatment of this behavior is associated
with significant reductions in orbitofrontal metabolism (Zaid & Kim 2001). There
is reason to think that this may not always be the same circuits involved in the
repetitive behavior in autism, where subcortical circuits must be considered. For
example, in patients with autism secondary to the tuberous sclerosis complex,
stereotypical repetitive behaviors and impaired social interaction were associated
with an imbalance in circuits including glucose hypermetabolism in the deep
cerebellar nuclei and increased uptake of tryptophan in the caudate nuclei (Asano
et al. 2001).

Speaking children with autism begin to talk at unusually late ages
and have a qualitative impairment in communication

Many studies show abnormal metabolism in the temporal and frontal language
sites in children with autism. Also, both the frontal and temporal language-related
association cortices appear in studies of brain perfusion in autism to become
more abnormal with age (Wilcox 2002). There is a reversed asymmetry in lan-
guage sites in many boys with autism compared to controls (Muller et al. 1999;
Herbert et al. 2002; Boddaert et al. 2003) but the Broca’s area neural asymmetry
is related more to language impairment than specifically to autism (DeFosse et
al. 2004).

A significant minority of children with autism may be mute

Based on the known neuroanatomy of speech, the mutism of autism is likely to
involve bilateral dysfunction of the language circuits. The brainstem is a primary
candidate area, although networks involving prefrontal, temporal, and cerebellar
areas are also at risk (see chapter 5).

Part of the social communication problem in children with autism is
a failure to comprehend human mime and gesture

Social imitation is lacking or deficient in children with autism. The fact that limb
gestural skills mature before the verbal route in normally developing children
(Zoia et al. 2002) is relevant to the early presentation of the communication
problem in autism.

The level of development at 5 years of age is a milestone that has
some predictive value in children with autism

This may have something to do with the regional localization and strong later-
alization of auditory language processing that is attained by 5 years of age.

Some children with autism smell other people to identify them

Olfaction usually is intact in children with autism, even those that are mute
(Soussignan et al. 1995). The olfactory pathway is the sensory system that is not
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processed through the thalamus, the grey matter substation processing the other
major sensory pathways of audition, vision, and touch.

What is the meaning of the extensive literature on immunological and autoim-
munological abnormalities in children with autism? Is there neuroinflamation of the
brain?

It is unknown at this time.

Is autism unique?

In the end, autistic symptoms appear to be due the very young developmental
age at which the central nervous system is first impaired, resulting in selective
impairments of particular neural networks of behavior and cognition. But these
clinical patterns apparently are not unique to autism. The same network impair-
ments can become clinically evident at the other end of life, producing somewhat
similar symptoms as described in frontotemporal dementia, a complex syndrome
with overlapping pathology with other forms of dementia.

SUMMARY

The autistic syndromes might be considered as one extensive set of impaired final
common circuits presenting with dysfunctional information processing of behav-
ior and cognition in very young children. Deficits in pragmatics, linguistic abil-
ities, mindreading, executive functions, episodic memory, self-awareness, central
coherence, and affective processing have been documented. These deficits are
caused by many disease entities whose shared symptoms likely occur owing to
malfunction of certain distributed neural networks. This malfunction in most
cases is likely due to aberrant neurodevelopment, leading either to (1) abnormally
varied neural circuits or to (2) abnormality in network components of more
standard neural pathways. In fact, it is now apparent that autism/Asperger is not
a final diagnosis in itself; it is a descriptive set of syndromes due to the result of
fetal or early childhood dysfunction in certain common pathways in the brain
caused by many different diseases. It is hypothesized that each of the disease
entities underlying the autistic syndromes will eventually be identified and found
to have its own distinctive variation of clinical symptoms and its own specific
neuropathology.
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Chapter 3

The Cerebellum in Autism

G. Robert DeLong

At one time, the cerebellum—thought to be primarily involved in motor con-
trol—seemed to be the least likely area of the brain to be implicated in autism.
That view was clearly wrong. It is probably accurate to say the that study of
patients with autism has contributed much to our general understanding of cer-
ebellar function in at least two ways: it has focused interest on the consequences
of cerebellar disease in early life, and it has helped elucidate the extensive influ-
ence of the cerebellum on cerebral hemisphere functions, including cognition.
Here we will attempt to review what has been learned about the role of the
cerebellum in autism, and how that has expanded our understanding of cerebellar
function.

CEREBELLAR PATHOLOGY IN AUTISM

Cerebellar pathology has been confirmed in autism, both by evidence from MRI
studies and, more convincingly, by pathological studies. The latter have shown a
decrease in numbers of Purkinje cells, greatest in posterior cerebellar vermis and
hemispheres. Neuron loss is seen in the fastigial nucleus, the output pathway for
the vermis; no neuron loss occurs in interpositus or dentate nucleus, the output
pathways for the hemispheres. The neuron loss is not accompanied by gliosis, a
finding that suggests a prenatal event. Kemper and Bauman (2002) also found
that the number of Purkinje cells appears to decrease the older the patient, sug-
gesting a progressive degenerative process.

Neuropathology in Autism

Kemper and Bauman’s (2002) careful examinations of nine autistic brains, pains-
takingly compared with age- and sex-matched controls, have revealed consistent
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findings of a curtailment of maturation in the forebrain limbic system, abnor-
malities in the cerebellar circuits, and an unusual pattern of change of postnatal
brain size. Many components of the limbic system showed unusually small neu-
rons that were more closely packed together than those of the controls. This
pattern is similar to that seen at an earlier stage of brain development. The areas
most consistently involved were the amygdala, hippocampal formation, entor-
hinal cortex, and the mammillary body. In the nucleus of the diagonal band of
Broca, a part of the septum, younger individuals had a normal number of un-
usually large neurons, while in older individuals (more that 21 years of age), the
neurons were unusually small and decreased in number. In occasional specimens,
Kemper and Bauman (2002) found malformations of neocortex, but these were
inconspicuous and uncommon; otherwise the neocortex showed no abnormality.

The cerebellar neuropathology was different. The number of Purkinje cells in
all the autistic brains had decreased, a finding that was similar at all ages. (In a
separate study, Purkinje cell size was small; the cells of 2 of 5 autistic subjects
were 50% smaller than those of controls [Fatemi et al. 2002a].) In the deep
cerebellar nuclei, into which the Purkinje cells project, the neurons in the younger
brains were abnormally large, whereas in the older brains, these neurons were
abnormally small and, in some nuclei, decreased in number. A similar pattern of
change in cell size was noted in the inferior olive in the brain stem but without
evidence of neuronal loss. Changes in the inferior olive were most evident in the
part of the inferior olive that projects to the area of the cerebellar cortex, with
the most marked decrease in Purkinje cells being in the posterior-lateral part of
the lateral lobes of the cerebellum. The postnatal changes in cell size (from un-
usually large to small) and number (reduced) in the deep cerebellar nuclei, in-
ferior olives, and septal nuclei, represented an obscure kind of neuropathology,
indicating an active and progressive pathological process. Atrophy of the cere-
bellar vermis, a much studied observation, was inconsistent in this series. Kemper
and Bauman noted that a clinical correlate of these cerebellar abnormalities was
not readily apparent.

Cerebellar Neurochemical Abnormalities in Autism

The neuropathology in autism has rapidly progressed to the study of neurochem-
ical components. In a study of autistic and normal control cerebellar cortices
matched for age, sex, and postmortem interval, characteristics of a number of
the proteins related to synaptic growth and neurotransmitter function were al-
tered (Fatemi et al. 2001). In autistic cerebellum, reelin expression was reduced
by 44%; Bcl-2 levels were decreased by 34% to 51%; and beta-actin expression
did not differ between groups (Fatemi et al 2001). Glutamic acid decarboxylase
65 kDa and 67 kDa protein expression was reduced by 51% in autistic parietal
and cerebellar cortices (Fatemi et al. 2002b). Purcell et al. (2001) studied the
expression of genes associated with glutamate neurotransmission in autistic cer-
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ebellums. The mRNA levels of several genes, including those encoding the exci-
tatory amino acid transporter 1 and glutamate receptor AMPA 1, were signifi-
cantly increased in autism. AMPA-type glutamate receptor density was
significantly decreased in the cerebellum of individuals with autism. Other in-
vestigators have reported abnormalities of nicotinic receptors in the cerebellar
cortex in autism (Lee et al. 2002). These authors found a 40-50% decrease in
the high-affinity nicotinic receptor in the granule cell, Purkinje, and molecular
layers in the autistic group; and an opposite 3-fold increase in the low-affinity
nicotinic receptor. Overall results indicated a loss of the cerebellar nicotinic al-
pha4 receptor subunit in autism, possibly related to the loss of Purkinje cells,
and a compensatory increase in the alpha7 subunit.

It is too early to put this puzzle together. Some or all of these changes may
be secondary to the presently unknown primary abnormality. Particular interest
has focused on reelin as a factor predisposing individuals to autistic disorder.
Genetic analyses yielded a significant association between autistic disorder and a
polymorphic triplet repeat in the 5" untranslated region of the RELN gene (Per-
sico et al. 2001), a result not confirmed in a second study (Zhang et al. 2002).
Studies of blood levels of reelin (Fatemi et al. 2002) have shown remarkable
(70%) reductions in unprocessed reelin in blood from autistic twins, their par-
ents, and their normal siblings versus controls. It is not clear how to interpret
these changes, particularly in phenotypically normal first-order relatives. Most
striking have been findings of decreased reelin in prefrontal cortex in brains from
autistic subjects, which is associated with reduced levels of BDNF; the latter is
related to synaptic function and plasticity (Fatemi 2002). Serotonin synthesis is
decreased in the frontal lobes in autism, but is increased in the right dentate
nucleus of cerebellum (Chugani et al. 1997).

Cerebellar Size in Autism

Measurement of cerebellar size in autistic patients by MR imaging has been the
subject of much controversy, with differing findings and interpretations. Not
surprisingly, this data has been less useful than that from autopsy. It is not nec-
essary to review the imaging controversies here. Over time, measurement tech-
niques have improved and something like a consensus reached. Sparks et al.
(2002) examined brain morphometric features in a large sample of carefully di-
agnosed 3- to 4-year-old children with autism spectrum disorder and compared
them to age-matched control groups of typically developing and developmentally
delayed children. Children with autism spectrum disorder had significantly higher
cerebral volumes than did the other groups, and cerebellar volume was increased
in proportion to overall increases in cerebral volume. The developmentally de-
layed group had smaller cerebellar volume than did both of the other groups.
These appear to be the most reliable results to date.

Kates et al. (1998) investigated the neuroanatomical similarities and differences
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between a pair of monozygotic, 7.5-year-old twin boys discordant for autism.
The unaffected twin, while not fulfilling the traditional diagnostic criteria for
autism, displayed constrictions in social interaction and play consistent with a
broader phenotype for autism. MRI scans were obtained for each brother and
compared with scans of 5 age- and sex-matched unaffected peers. Quantitative
analysis of brain anatomy using MRI revealed that the affected twin had markedly
smaller caudate, amygdaloid, and hippocampal volumes, and small cerebellar ver-
mis lobules VI and VII, than did brother. Both twins showed disproportionately
reduced volumes of the superior temporal gyrus and the frontal lobe relative to
the comparison sample. The authors suggested the dysfunction of two separate
but overlapping neuroanatomical pathways; that is, one subcortical network (the
caudate, amygdala, hippocampus, and cerebellar lobules VI and VII), differenti-
ating the twins from each other, that may underlie the traditional neurobehavioral
phenotype for strictly defined autism, and a second cortical network, (the su-
perior temporal gyrus and the frontal lobe) differentiating the twins from the
comparison sample, that may lead to the broader phenotype for autism.

DelBello et al. (1999), long interested in putative relationships between bipolar
illness and autism, noted an MR morphometry study comparing 30 bipolar pa-
tients hospitalized with a manic episode (16 with a first episode and 14 with
prior manic episodes) to 15 normal volunteers matched for age, sex, race, and
education. Regions of interest were right and left cerebellar hemisphere volumes
and the vermal areas 6 (lobules 1-5), V2 (lobules 6-7), and V3 (lobules 8-10).
The V3 area only was significantly smaller in multiple-episode patients than in
first-episode patients or healthy volunteers. Such results need confirmation but
bear watching.

CEREBELLAR DEVELOPMENT AND CONNECTIONS IN
AUTISM: THE ROLE OF SEROTONIN

Serotonin has an important role in brain development (reviewed by Chugani
2002). Evidence from both pharmacological and knock-out experiments dem-
onstrates that serotonin plays a role in modulation of synaptogenesis. As an
example, the serotonergic innervation of thalamocortical axons controls the tan-
gential arborization and branching of these axons, resulting in altered thalamo-
cortical connectivity. Decreased or increased brain serotonin during this period
of development results in disruption of synaptic connectivity in sensory cortices;
similarly, in the hippocampus, depletion of serotonin in neonatal rat pups re-
sulted in large decreases in the number of dendritic spines of hippocampal neu-
rons. While there are many serotonin receptors, the SHT1A receptor plays
important roles in brain regions showing abnormalities in autism. In the first 2
postnatal weeks in rat pups, the cerebellum contained high concentrations of
5HT1A receptors. In the cerebellum, immunolabelling of SHT1A receptors was
localized to the soma and dendrites of Purkinje cell. This localization is important
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in light of consistent reports of decreased numbers of Purkinje cells in brains
from autistic individuals. The enrichment of 5SHT1A receptors is most pro-
nounced in the cerebellar vermis lobules VI and VII (an area found in two recent
studies to be significantly small in high-functioning autistic patients (Kaufman
et al. 2003). As noted above, this area is smaller in bipolar patients who have
had repeated episodes of mania, but not in patients with a first episode of mania
(DelBello et al. 1999); this is interesting in light of the putative association be-
tween bipolar affective disorder and autism. In developing human cerebellum,
the highest expression of 5SHT1A mRNA was measured in neonatal cerebellar
samples.

Research indicates that serotonin regulates several aspects of brain develop-
ment, including cell division, differentiation, neurite outgrowth as described
above, and synaptogenesis (reviewed in Chugani 2002). Evidence supports sero-
tonergic modulation of synaptic development in the lateral superior olive in ger-
bils and of segregation of retinal projections in MAO-A knock-out mice. There
is evidence that one mechanism by which serotonin has trophic effects during
brain development is through the regulation of trophic factors, such as the
SHT1A mediated release of S100 and brain derived neurotrophic factor (BDNF).
This latter factor is particularly intriguing because of evidence indicating that
BDNF is required for antidepressants (such as fluoxetine, which makes more
serotonin available in the synapse by inhibiting reuptake) to relieve depression
(Saarelainen et al. 2003). Selective serotonin reuptake inhibitors such as fluoxetine
may modify depression by enhancing the serotonergic release of BDNF, which
in turn may induce formation and stabilization of synaptic connectivity. Given
the favorable therapeutic effect of SSRIs in autism, the same mechanisms may
be involved. Chugani (2002) comments that the available studies provide a ra-
tionale for trials of serotonergic drugs in very young autistic children in an at-
tempt to alter synaptic plasticity during postnatal development. Such trials are
underway.

Available data does not explain the increase in serotonin synthesis in the den-
tate nucleus that is evident in Chugani’s 11C-alphamethyltryptophan PET images
(Chugani et al. 1997). The simplest interpretation would suggest that, because
there may be a reciprocal relationship between at least some serotonin receptors
and GABA, receptors, and that since the number of Purkinje cells (which are
GABAergic) is decreased, the increase in serotonin synthesis may be compensa-
tory. This is not established, however.

CEREBELLAR FUNCTION IN AUTISM

Role of Cerebellum in Cognition and Affect

Schmahmann and Sherman (1998) studied 20 adult patients with disease con-
fined to the cerebellum, evaluating the nature and severity of the changes in
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neurological and mental function. They found behavioral changes to be clinically
prominent in patients with lesions involving the posterior lobe of the cerebellum
and the vermis. The changes were characterized by the following: impairment of
executive functions such as planning, set-shifting, verbal fluency, abstract reason-
ing, and working memory; difficulties with spatial cognition including visual-
spatial organization and memory; personality change with blunting of affect or
disinhibited and inappropriate behavior; and language deficits including agram-
matism and dysprosodia. The investigators named this newly defined clinical
entity the “cerebellar cognitive affective syndrome.” They suggested the constel-
lation of deficits is indicative of disruption of the cerebellar modulation of neural
circuits that link prefrontal, posterior parietal, superior temporal, and limbic cor-
tices with the cerebellum.

Scott et al. (2001) examined the role of the cerebellum in the developing
cognitive profiles of children with cerebellar tumors. MRI and longitudinal in-
tellectual profiles were obtained on 7 children (2 females, 5 males; mean age at
diagnosis was 3 years; mean age at first assessment was 7 years). The tumors were
astrocytomas in 3 of the children, medulloblastomas in 2, a low-grade glioma in
1, and an ependymoma in 1. In right-handed children, the authors observed an
association between greater damage to right cerebellar structures and a plateauing
in verbal and/or literacy skills. In contrast, greater damage to left cerebellar struc-
tures was associated with delayed or impaired nonverbal/spatial skills. Long-term
cognitive development of the children studied tentatively supported a role for the
cerebellum in learning/development. The authors suggested that lateralized cer-
ebellar damage may selectively impair the development of cognitive functions
subserved by the contralateral cerebral hemisphere.

Anatomical data suggests crossed reciprocal connections between the cerebel-
lum and higher order cortical association areas. In a study by Mottaghy et al.
(1999), 1 left- and 1 right-handed female volunteer underwent functional mag-
netic resonance imaging in a conventional block design. Regions of activation
were detected after performance of a silent verbal fluency task inside the scanner.
In the right-handed volunteer, the investigators found an activation of the left
frontoparietal cortex and the right cerebellar hemisphere, while in the left-handed
volunteer the activation was seen in the right frontoparietotemporal cortex and
the left cerebellar hemisphere. These initial results demonstrate that cerebellar
activation is contralateral to the activation of the frontal cortex even under con-
ditions of different language dominance. They provide evidence for the hypoth-
esis of a lateralized organization of the cerebellum crossed to the cerebral hem-
ispheres in supporting higher cognitive function. These findings are entirely
congruent with the findings of Chugani et al. (1997) indicating impairment of
dentatothalamocortical pathways, primarily from the right dentate to left cerebral
hemisphere, in young autistic boys.
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Role of Cerebellum in Attention

Courchesne and his group initiated studies designed to clarify the role of cere-
bellar abnormality in disturbances of attention in autism, particularly distur-
bances in the dynamic control of attention and the ability to shift attention (Allen
& Courchesne 2003). Certainly, severe disturbances of attention characterize such
children: it is extraordinarily difficult to engage their attention; attention to or
persistence in a task may be fleeting; and once attention is fixated on an object
of interest it is exceedingly difficult to shift it to any other object. To investigate
links between the cerebellum and attention function, Courchesne and his asso-
ciates undertook formal behavioral and neurophysiological studies of shifting
attention (between auditory and visual modalities, between color and form, and
between two visual spatial locations). Study groups were composed of autistic
patients with parietal MRI abnormalities, autistic patients without parietal MRI
abnormalities, patients with acquired neocerebellar abnormalities, or normal con-
trols. The study tasks required subjects to rapidly shift attention back and forth
between visual and auditory stimuli (or, in analogous tests, between color and
form information or between different visual-spatial locations) when signaled by
the appearance of the rare target stimuli. Following signals to shift attention,
autistic and neocerebellar patients were slow to disengage attention and to reen-
gage attention.

In another study of autistic subjects (Townsend et al. 2001), attention-related,
late positive event-related potentials in the frontal lobe were delayed or missing
during conditions in which attention was to peripheral visual fields, and the
related parietal late positive response was smaller than normal. The authors ar-
gued indirectly that these potentials, thought to be cortically generated, reflect
cerebellar influences.

In a behavioral and MRI study, Pierce and Courchesne (2001) found that
children with autism spent significantly less time and less range in active explo-
ration than did normal controls. Measures of decreased exploration were signif-
icantly correlated with the magnitude of cerebellar hypoplasia of vermal lobules
VI-VII in the autistic children, but no relationship to vermal size was seen in the
normal children. Limited environmental exploration is an obvious behavioral
feature in autism; this documentation of a relationship to cerebellar vermis at-
rophy is of interest and may accord with indications of cerebellar involvement
in attentional functions, for example.

In more recent studies, the Courchesne group has used fMRI to evaluate
cerebellar function in autism. They found that autistic individuals, in performing
a motor task, showed greater than normal cerebellar motor activation; however,
in performing an attention task, autistic individuals showed significantly less cer-
ebellar activation (Allen & Courchesne 2003). In another fMRI study, the group
found that the pattern of activations was similar in both normal and autistic
groups, but activations were less pronounced in the autistic group. Also dem-
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onstrated were greater activation in perirolandic and supplementary motor areas
in the control group and greater activation in posterior and prefrontal cortices
in the autism group. Notable were the less distinct regional activation/deactivation
patterns in autism, compatible with the general hypothesis of disturbances of
functional differentiation in the cerebrum in autism (Muller et al. 2001). No
distinct cerebellar role was demonstrated in this study.

While it may be unwise to engage in too much speculation, the data just cited
might be interpreted in part as showing compensatory overactivity in some areas
of the autistic brain; it may be “trying harder”: during motor tasks, the cerebellum
and prefrontal areas both exhibited greater than normal activation. Both these
areas have pathological abnormalities in autism. The ineffective attempt to em-
ploy or engage them might be a cause for the increased activation seen by fMRI.

Cerebellar Function in Language and Social Behavior in Autism

The investigations reviewed above, along with many others including the neu-
roanatomy of the cerebellum and its interconnections, evidence from functional
neuroimaging and neurophysiological research, and advancements in clinical neu-
rology and neuropsychology have established the view that the cerebellum par-
ticipates in a much wider range of functions than conventionally accepted. It has
become clear that the cerebellum importantly modulates cognitive functioning.
Marien et al. (2001) review the recently acknowledged role of the cerebellum in
cognition and address in more detail experimental and clinical data disclosing
the modulatory role of the cerebellum in various nonmotor language processes
such as lexical retrieval, syntax, and language dynamics. The authors advance the
concept of a “lateralized linguistic cerebellum,” suggesting that functional de-
pression of supratentorial language areas due to reduced input via cerebellocort-
ical pathways might represent the relevant pathomechanism for linguistic deficits
associated with cerebellar pathology. Also, since memory is so closely linked to
language function, it is noteworthy that another fMRI study found activation in
cerebellar areas during encoding of a word-association task as opposed to retrieval
(Mottaghy et al. 1999).

The Chugani group followed up its studies of dentatothalamocortical pathway
disturbances in autistic boys by looking at possible effects of such disturbances
on brain activations for language in autistic adults (Muller et al. 1998). Using
[15(0)]-water PET, 4 autistic and 5 normal men were studied while listening to,
repeating, and generating sentences. In the autistic group, activation in the right
dentate nucleus and in the left frontal area 46 was lower during verbal auditory
and expressive language and higher during motor speech functions than it was
control group. The thalamus showed group differences concordant with area 46
for expressive language. The results suggest atypical functional specialization of
the dentatothalamocortical pathways and are compatible with a model of
cerebellar-cortical serotonergic disturbance in the developing autistic brain. Once
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again, the Chugani studies illustrate the importance of lateralization of function
and of biochemical markers in studies of autistic brains.

Using functional MRI, Critchley et al. (2000) investigated high-functioning
autistic people processing emotional facial expressions. Subjects with autistic dis-
order differed significantly from controls in the activity of cerebellar, mesolimbic,
and temporal lobe cortical regions of the brain when processing facial expressions.
In autistic persons, a cortical “face area” was not activated during explicit ap-
praisal of expressions, nor was the left amygdala region and left cerebellum of
these subjects activated during implicit processing of emotional facial expressions.
Cerebellar activity appears to be an intrinsic part of the temporal and amygdalar
system involved in processing facial emotion.

Cerebellar Function in Motility and Dyspraxia in Autism

This section is included to call attention to the motility problems seen in autism.
There is, to my knowledge, a paucity of studies of motility disturbances in autism.
Consequently, what follows are primarily my own clinical observations and im-
pressions. I apologize to those who may have greater experience and understand-
ing of this area. The current chapter is concerned with cerebellar involvement in
autism, and it seems important to discuss motoric disturbances in connection
with cerebellar dysfunction. However, to my knowledge, from my reading of the
literature, there is no clear understanding of the role of cerebellar dysfunction in
relation to the motor disturbances of autism.

Motility disturbances in autism, aside from the prominent twiddling, flapping,
and tensing stereotypies that draw attention, are commonly overlooked. But both
gross and fine motor disturbances of function are very common—although not
universal—in autism and beg for further study. It is noteworthy that the discus-
sion of such motoric abnormalities has largely been conducted in psychiatric,
occupational therapy, and physical therapy arenas, rather than by neurologists
(with notable exceptions). The pertinent disabilities are commonly referred to as
dyspraxias, especially perhaps by speech pathologists, since abnormalities of
speech often parallel those of general motility. Dyspraxic motor dysfunction ap-
pears to correlate with the general hypotonia exhibited by many autistic individ-
uals. These disabilities are commonly discussed under the entities clumsy child,
developmental coordination disorder, or related terms, and may accompany autistic
spectrum disorders or occur without autism, though often with other areas of
developmental problems.

From clinical observations, many autistic children have great difficulty hop-
ping on one foot, walking on heels and toes, walking tandem, and holding arms
outstretched on command or in response to demonstration. Likewise, they have
great difficulty holding a pen, writing or drawing, or doing other skilled manual
activities such as tying shoes, buttoning, and so on. (By contrast, others show
great agility, balance, and motor control in general.) A rarer disorder, but seem-
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ingly related, is that of aberrant ocular smooth pursuit, which in occasional in-
stances shows dramatic aberration. The motor clumsiness is recognized as part
of Asperger’s syndrome, but is not separable from autism as such.

Our question is whether any of this phenomenology derives from primary
cerebellar dysfunction. The usual signs of cerebellar dysfunction are largely or
completely missing. Ataxia, tremor, nystagmus, dysdiadochokinesia, and dysme-
tria are not seen. Speech, when present, is not scanning. A respected textbook of
neurology (Victor & Ropper 2001) describes the cerebellum as “responsible for
the regulation of muscular tone, the coordination of movements, especially skilled
voluntary ones, and the control of posture and gait.” Certainly autism is com-
monly, if not always, accompanied by diffuse muscular hypotonia, poor coordi-
nation of skilled voluntary movements, and awkwardness of posture and gait; the
latter is particularly evident when stressed by asking the individual to hop, walk
tandem, walk on heels or toes, and so on, as described above. Much of the deficit
that is so evident almost certainly involves cerebellar dysfunction; but the point
remains that this picture is quite different from that of pure cerebellar disease
and must represent the result of defects of cerebellar-cerebral cortical integration.
It is still quite obscure to neurologists and merits further study.

CEREBELLAR MUTISM AFTER POSTERIOR FOSSA
SURGERY: A MODEL FOR AUTISM?

Cerebellar mutism after posterior fossa surgery may provide a valuable model of
autism. Pollack et al. (1995) reviewed a surgical experience of 142 patients un-
dergoing resection of infratentorial tumors, of whom 12 (8.5%) manifested cer-
ebellar mutism. Each of the 12 had a lesion that involved the vermis (7 medul-
loblastomas, 3 astrocytomas, 2 ependymomas), and all had vermian incisions. All
had normal speech preoperatively. In 10 of the 12, mutism developed in a delayed
fashion (24 to 96 hours postoperatively). The speech disturbance was associated
with poor oral intake in 9 children, urinary retention in 5, long-tract signs in 6,
and bizarre personality changes, emotional lability, and/or decreased initiation of
voluntary movements in all 12.

Neuropsychiatric testing confirmed impairments not only in speech but also
in initiation of other motor activities. Ten children regained normal speech, blad-
der control, and neurological functioning, other than ataxia and mild dysarthria,
within 1 to 16 weeks. Characteristically, affect and oral intake returned to their
preoperative baseline before the speech difficulties began to resolve.

Three children underwent xenon computed tomographic blood flow studies,
1 underwent SPECT, and 1 underwent 18-FDG PET. All findings were normal.
A detailed radiological review of 24 cases of vermian tumors without mutism
identified only one factor that was significantly associated with the mutism syn-
drome, bilateral edema within the brachium pontis (P < 0.01). The authors
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suggest that the mutism syndrome results from transient impairment of the af-
ferent and/or efferent pathways of the dentate nuclei involved in initiating com-
plex volitional movements. All had marked neurobehavioral abnormalities. Eleven
children exhibited an almost stereotypical response, remaining curled up in bed
and whining inconsolably, without actually uttering intelligible speech. Nine had
significant impairment in oromotor coordination and seemed unwilling to eat.
Speech was profoundly abnormal during recovery. Three began speaking in a
whispered voice and 4 others spoke in a high-pitched “whiny” voice. In all 12
children, speech exhibited a dysarthric quality before full recovery. Detailed neu-
ropsychiatric testing during recovery demonstrated that initiation and completion
of age-appropriate motor activities was also impaired. Several also had impair-
ment in recent memory, attention span, and problem-solving ability.

ILLUSTRATIVE CASES

A 6-year-old girl had limited spontaneous initiation of both speech and
movement. During recovery, speech was whispered and monosyllabic.

A 16-year-old boy awoke from anesthesia with clear speech, but by the
third postoperative day, he developed mutism and a bizarre, depressed
affect. He lay curled up in bed with his eyes closed, whining intermit-
tently, refusing to follow commands, exhibiting poor oral intake, and ex-
periencing urinary retention. Poor oral intake and bizarre personality
changes each improved by the third postoperative week. Serial neuropsy-
chiatric testing during his recovery phase initially found poor initiation
and completion of age-appropriate motor and problem-solving activities,
despite improvement in his mood.

In their discussion, the authors concluded that the critical anatomic area for
postoperative mutism is not in the vermis. If so, the complication should be
more common and more persistent after resection of midline cerebellar tumors.
The vast majority of patients undergoing resection of an inferior vermian tumor
experience no mutism. Rather, the critical site must reside more laterally in the
cerebellum. Symptoms developed 1 to 3 days postoperatively, indicating that the
structures responsible do not generally suffer direct injury or infarction intra-
operatively. No evidence of discrete areas of infarction, hypoperfusion, or de-
creased metabolic activity was found within the cerebellar hemispheres, dien-
cephalon, or cerebral cortex. Patients with mutism had a significantly increased
incidence of bilateral edema within the cerebellar peduncles, implying that a
critical pathway responsible for initiating speech and other complex voluntary
movements travels within this structure.

The authors suggested the overall symptom complex may reflect the sequelae
of injury to the afferent and/or efferent pathways to the dentate nuclei, which
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are involved in initiating volitional movements. This pathway includes projections
from the premotor and supplementary motor cortices via the brachium pontis
and projections back to these areas via the dentatothalamocortical system.

A single case of a 7-year-old boy who developed mutism after surgery for
cerebellar medulloblastoma was studied using SPECT (single photon emission
computed tomography) (Sagiuchi et al. 2001). During mutism, SPECT scanning
revealed decreased cerebral blood flow in the bilateral thalami, bilateral medial
frontal lobes, and left temporal lobe in addition to the cerebellar vermis and both
cerebellar hemispheres, indicating bilateral crossed cerebellocerebral diaschisis.
The authors postulated that circulatory disturbance in both cerebellar hemi-
spheres secondary to tumor resection probably induced bilateral crossed cere-
bellocerebral diaschisis in both cerebral hemispheres, predominantly in the left,
via the dentatothalamocortical pathway. With recovery of his mutism, blood flow
increased in the right thalamus, bilateral medial frontal lobes, and left temporal
lobe, with only slight decrease in blood flow persisting in the left thalamus. The
findings suggested that mutism was associated with cerebral circulatory and meta-
bolic hypofunction in the supplementary motor area mediated via the dentato-
thalamocortical pathway.

The parallel between the apparent disturbance of the dentatothalamic outflow
tract occurring with cerebellar mutism, and the abnormality in that tract found
by Chugani et al. (1997) using [11C] alpha-methyltryptophan PET, cannot escape
notice. Likewise, the clinical syndromes of autism and cerebellar mutism have
many cogent similarities, including language disturbance, dyspraxia, inattention,
personality disturbances, emotional lability, and impairment of initiating volun-
tary activities. These findings suggested to us that serotonin synthesis might be
decreased in cerebellar mutism as it appears to be in autism. Since SSRIs such
as fluoxetine have shown a beneficial effect in some children with autism, we
tried fluoxetine treatment of 2 patients with cerebellar mutism (Nabbout &
DeLong 2002). The first, a 3-year-old boy, had typical mutism of 3 days duration.
At that point, fluoxetine was started; he recovered fully, to the point of riding
his tricycle around the ward, within 24 hours of beginning treatment. The second
patient was an 8-year-old boy who had cerebellar mutism for 3 weeks without
improvement. At that time, he was given fluoxetine, after which he recovered
within 36 hours, speaking in sentences. These cases are anecdotal, of course, and
since such cases occur only sporadically in any one institution, we still await
opportunity to further test this result. We hope others may attempt such treat-
ment so that it can be determined with certainty whether SSRIs ameliorate
mutism.

Vandeinse and Hornyak (1997) studied 4 children, 3 of whom presented with
a period of mutism following posterior fossa surgery and 1 who did not exhibit
mutism. All 4, however, demonstrated a similar profile of significant high-level
linguistic and cognitive deficit on formal speech-language and neuropsychological
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measures. The investigators compared the results to recent literature documenting
the role of the cerebellum in language and cognition.

Riva and Giorgi (2000) studied intellectual, language, and executive functions
of 26 children who had undergone surgery for removal of cerebellar hemisphere
or vermal tumors. The children with right cerebellar tumors presented with dis-
turbances of auditory sequential memory and language processing, whereas those
with left cerebellar tumors showed deficits on tests of spatial and visual sequential
memory. The vermal lesions led to 2 profiles: (1) postsurgical mutism, which
evolved into speech disorders or language disturbances similar to agrammatism;
and (2) behavioral disturbances ranging from irritability to behaviors reminiscent
of autism.

CRITIQUE OF A CEREBELLAR HYPOTHESIS OF AUTISM

There is no longer any doubt that cerebellar damage causes cognitive impair-
ments, particularly when the cerebellar deficit is present early in life. Thus, it is
interesting to compare the cognitive deficits seen with congenital nonprogressive
cerebellar ataxia with the picture of cognitive deficits seen in autism. The hy-
pothesis is that the pattern of deficits would be similar if the cognitive deficits of
autism derive primarily from cerebellar pathology. Steinlin et al. (1999) studied
11 patients (ages 8 to 28 years) with nonprogressive congenital ataxia using
Wechsler’s intelligence testing and additional tests of attention, memory, lan-
guage, visual perception, and frontal functions. Seven of the 11 patients had an
IQ of 60 to 92, with marked nonverbal deficits and subnormal-to-normal verbal
performance (group A). Four patients had an IQ of 30 to 49 without pronounced
profile asymmetry (group B). Four of the 7 group A patient had decreased al-
ertness and sustained attention, but all had normal selective attention. In this
group, tests of frontal functions and memory yielded higher verbal scores than
nonverbal scores. Furthermore, group A patients did not exhibit deficits on the
Aachener Naming Test (similar to the Boston Naming Test), but the majority
did have marked difficulty with visuoconstructive tasks and visual perception.
Group B was significantly abnormal in almost all subtests, having a less promi-
nent but similar profile.

Thus, these patients have significant cognitive deficits with an asymmetric
profile and better verbal than nonverbal performance. Notably, this profile is very
different from that of autism, in which language is typically much more severely
impaired than visuoconstructive tasks and visual perception, and selective atten-
tion is notably poor. (We should also note that the patients of Schmahmann and
Sherman [1998], as well as the children with cerebellar tumors described by Scott
et al. [2001] [see above], although showing symptoms consistent with autism,
were not considered to show autism as such.)

Insofar as these findings may be compared with those of autism, they do not
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support a hypothesis that congenital (or gradually progressive early life) cerebellar
damage per se can explain the findings characteristic of autism. However, the
findings in cerebellar mutism, the alpha-methyltryptophan PET findings of Chu-
gani et al., and the findings of Courchesne attributing attentional defects to cer-
ebellar dysfunction might argue otherwise. The question certainly cannot be set-
tled at our present state of knowledge. I would frame the question thus: Is the
cerebellum the primary and causative site of the functional syndrome of autism,
as it seemingly is of cerebellar mutism? Or is the cerebellar pathology of autism
one part of a more widespread network of abnormalities that also includes pri-
mary abnormalities in medial temporal lobes (including the hippocampus and
amygdala), sites within prefrontal lobes, and perhaps other regions as well? The
latter, if less neat, would seem to be nearer to the mark.
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Chapter 4

The Cranial Circumference in Autism

Michele Zappella

Leo Kanner (1943), in his original description of autism, noticed that Richard,
the third of his 11 cases, had an enlarged head: 54.5 cm in circumference at 3
years of age and definitely macrocephalic. The occurrence of macrocephaly, usu-
ally described as cranial circumference above the 97°, was subsequently noticed
in single cases of autism, but it became the object of systematic study only in the
1990s. Macroencephaly was studied initially in a series of cases of cerebral gigan-
tism (Sotos syndrome) with autism (Zappella 1990), and subsequently in large
series of subjects with idiopathic autism where it was found present in 14%
(Lainhart et al. 1997; Deutsch & Joseph 2003) to 26.6% (Bailey et al. 1995) of
subjects. A large but normal head was even more common (Coleman 1976; Bol-
ton et al. 1994; Bailey et al. 1995; Davidovitch et al. 1996; Lainhart et al. 1997),
suggesting a shifting of the entire distribution toward larger sizes. Cranial cir-
cumference is therefore one of the few physical findings that varies significantly
from the norm in autism and its most current “endophenotypes.”

In a study conducted on 137 individuals with idiopathic autism, Miles et al.
(2000) found 23.4% of subjects had macrocephaly. This subgroup was not sig-
nificantly different from the normocephalic subgroup in sex ratio, IQ, severity of
autism, morphological abnormalities, seizures, or recurrence risk. The head cir-
cumference of parents, none of whom had autism, was skewed toward macro-
cephaly slightly more in the macrocephalic than in the normocephalic, suggesting
that some genes that predispose to macrocephaly may also predispose to autism.
Fidler et al. (2000) also found a prevalence of macrocephaly among the nonau-
tistic relatives of autistic probands. In other words, macrocephaly may be a ge-
netic attribute that is fundamental to a subgroup of nonsyndromic autism and,
as a consequence, a possibly useful phenotypic marker for undiscovered autism
gene(s).
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It was soon evident that macrocephaly was more frequent at a younger age,
occurring in 37% of those younger than 16 years versus 22% of those in a more
extensive age group (Bolton et al. 1994). The same result was found in a study
of twins by Bailey et al. (1995), which showed that 42% of those twins under
the age of 16 had macrocephaly, while macroencephaly was found in only 26%
of twins in a more extensive age group (Bailey et al. 1995). Aylward et al. (2002)
used coronal MRI scans to compare 67 children and adults with autism to
matched controls and found that the average brain volume of children 12 years
of age and younger was larger than the average brain volume of controls, but the
investigators did not find this effect in autistic subjects older than 12 years of
age. These studies suggest some kind of early overgrowth syndrome that then
begins to lag typical cranial circumference growth curves in later childhood.

pan

Figure 4.1 Twenty-year-old young man with autism.
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Macrocephaly usually is not present at birth and develops during the early
years of life; Stevenson et al. (1997) found later macrocephaly in 24% of 100
persons with autism whose head size had been normal at birth. It has been
postulated that the development of macrocephaly in infants may be an early
concomitant sign of autism. Accelerated head circumference growth trajectories
occurring between the 2nd and 14th months of life were found in 59% of young
autistic children but only 6% in normal babies (Courchesne et al. 2003; Lainhart
2003). It would be of interest to see if children whose cranial circumference
moves from within normal limits at birth to macrocephaly within the first 3 years
of life are more likely to have a pattern of autistic regression than those with
more stable cranial growth curves; this question awaits research.

However, sometimes enlarged head circumference and macrocephaly can be
found at birth. Bolton et al. (2001) did a case-controlled, catch-up study of a
cohort of boys with infant macrocephaly and showed that the condition was a
risk factor for autism spectrum disorders. In a study by Gillberg and DeSouza
(2002), 11 out of 43 individuals (25%) with Asperger syndrome and 4 out of 42
(10%) of individuals with autism had macrocephaly at birth; it was noted that
newborn cranial circumference and later IQ were not correlated.

An increase in head width but not length has been noted by Deutsch and
Joseph (2003), who found that children with discrepantly high nonverbal abilities
had a larger head circumference; they speculated that this might be consistent
with an enlargement of parietotemporal cortex and related to the skills mediated
by those brain regions. Localized studies of regional cerebral, individual lobe, and
even gyri volumes have begun in an attempt to define the areas of enlargement
(Piven et al. 1996; Carper et al. 2002; Bigler et al. 2003) but methodological
differences, possible heterogeneity of populations, and age factors have not led
to consistent results. Analyzing grey matter and white matter changes, such as
the volume of white or grey matter in toddlers (Courchesne et al. 2001) or the
presence of late myelinating white matter (Herbert et al. 2004), may prove more
fruitful.

In addition to being linked to nonsyndromic autism, macrocephaly is found
in other neurological conditions associated with autism. These disorders usually
belong to overgrowth syndromes in which infants are large for gestational age,
may or may not experience excessive postnatal growth, and exhibit increased
weight, length or head circumference, and/or asymmetric enlargement, singly or
in combination (Cohen 2003).

What are the possibilities regarding the size of the brain when macrocephaly
is present? The variations are megaloencephaly, hydrocephalus and/or ventricu-
lomegaly, and benign cranial tumours, each with completely different theoretical
implications. Factors that might cause megaloencephaly in nonsyndronic autism
are discussed in chapter 2. Ventriculomegaly and/or hydrocephalus and tumors
are discussed below in the context of specific syndromes.

To further confuse the situation, some patients who meet autism criteria are
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microcephalic (Fombonne et al. 1999). In the Miles et al. (2000) study of cranial
circumferences in a population of children with idiopathic autism, those who
had microcephaly were more likely to have abnormal physical morphology, struc-
tural brain malformations, lower IQ, and seizures. This suggests that children
with microcephaly and autism are more likely to be at risk for an MCA/MR
syndrome, just as is also seen in some of the children with macrocephaly.

SOTOS SYNDROME

Sotos syndrome is an autosomal dominant overgrowth syndrome. The initial
association of Sotos syndrome with autism was noticed in the 1970s in one
patient (Zappella & Boscherini 1973) and subsequently confirmed in more sub-
jects: in these cases, mental retardation was also present (Morrow et al. 1990;
Zappella 1990). Behavioral abnormalities, including attention deficits, drooling,
and in many children a persistent hypotonic posture and gait that may improve
in subsequent years, are common in this syndrome. Separation anxiety, anxious
behavior in new situations, and difficulties in social contact have been frequently
observed: as a consequence, these subjects are usually alone and have problems
in making friends (Sarimski 2003).

Sotos syndrome is characterized by megaloencephaly, peculiar facial features
such as a broad forehead, antimongolian slant of the eyes, prominent chin, gi-
gantism, large hands and feet, and advanced bone age. Clumsiness and poor
coordination are common. Febrile seizures occur in numerous cases, and overall
50% have convulsions. IQ/DQ vary to a large extent (40-129), and the mean
value has been estimated to be 78 (Cole & Hughes 1994). In childhood, these
subjects often show a delay in language, commonly beginning after 2 and a half
years of age, and in motor development; but in some instances, this initial delay
is followed by a normal or near-normal intelligence in subsequent years.

Cerebral abnormalities usually involve midline structures and are common at
RMI. They include dilatation of the cerebral ventricles, prominent trigones and
occipital horns, and thinning of the posterior part of the corpus callosum. In
some cases, prominent cortical sulci, cavum septum pellucidum, and cavum ve-
lum interpositum are also found. These data suggest an inadequate development
of the cerebral white matter of the posterior part of the brain. Prominent sulci,
macrocisterna magna, heterotopias, and macrocerebellum can also be observed.
Abundant ventricular and extracerebral fluid suggest that these subjects have
brains of normal size in a large heads (Schaefer et al. 1997).

The major cause of Sotos syndrome is haploinsufficiency of the NSDI gene
at 5q35 (Imaizumi et al. 2002; Kurotaki et al. 2003). A preferential paternal origin
of microdeletions has been observed (Miyake et al. 2003).
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COLE-HUGHES MACROCEPHALY SYNDROME

Basing their study on cases that had been excluded from a previous study of
Sotos syndrome, Cole and Hughes (1991) identified in 6 individuals a new syn-
drome characterized by postnatal progressive macrocephaly in a context of fa-
milial macrocephaly and inherited through an autosomal dominant pattern. The
patients had a typical face characterized by a square outline with frontal bossing,
a “dished out” mid-face, biparietal narrowing, and a long philtrum. Also present
was marked obesity, variable developmental delay, and, occasionally, delayed bone
age. Naqvi et al. (2000) described patients who had Cole-Hughes syndrome and
autistic characteristics; these patients seemed to manifest a distinct behavioral
phenotype associated with the Cole-Hughes syndrome.

FRAGILE X SYNDROME

Macrocephaly is a possible, nonspecific feature of fragile X syndrome, a common
neurodevelopmental disorder with a prevalence of 1 in 4000 and the most com-
mon genetic cause of mental retardation. In typical adult males, the head cir-
cumference is increased. Other symptoms include a long, narrow face, prominent
long ears, strabismus, a thick nasal bridge, a prominent jaw, and macroorchidism
after puberty. This disorder is almost always due to an expansion of a CGG-
repeat in the 5 untranslated region of the FMRI gene. In subjects with the full
mutation, mental retardation of various degrees is common in males, while in
females, physical, cognitive, and behavioral abnormalities are less severe (Stoll
2001).

The behavioral phenotype of fragile X syndrome is very much like a child
with autism. It includes pronounced gaze aversion, perseveration, stereotypies,
need for sameness, and language delay with echolalia. However, although social
anxiety with unfamiliar adults and peers occurs, the majority do have emotional
relationships with their parents and other familiar adults and develop concern
for others, thus lacking the core symptom of autism. A small minority do develop
full autism criteria, more than can be accounted for by chance (Feinstein & Reiss
1998).

ORSTAVIK 1997 SYNDROME

Orstavik et al. (1997) identified a syndrome that included autism in two sisters
with macrocephaly, epilepsy, mental retardation, and dysmorphic features (high
and broad forehead, deep set eyes, short philtrum, bushy eyebrows, and hairy
upper lips). (It is called the Orstavik 1997 syndrome because although Orstavik
and colleagues identified another syndrome in 1998, it was a deglutition dys-
function syndrome without autistic features.) Steiner et al. (2003) also identified
the Orstavik 1997 syndrome in two sisters who presented in a similar phenotype
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except for the absence of epilepsy. These authors pointed out that variability in
clinical expression may occur, since autistic features were very marked in the two
sisters yet not presented in an otherwise affected brother.

NEUROFIBROMATOSIS TYPE 1

Macrocephaly in the absence of hydrocephalus is found in 30% to 50% of in-
dividuals with neurofibromatosis 1. The diagnosis is made from skin lesions of
6 or more café au lait spots, axillary freckling, cutaneous neurofibromatosis, and
pathognomic Lisch nodules (seen with a slit lamp after 20 years of age). In
addition to the nervous system, it is associated with complications affecting al-
most every system in the body, including the eyes, endocrine system, skeleton,
and circulation. The NFI gene found on the long arm of chromosome 17
(17q11.2) encodes the protein neurofibromin.

Neurofibromatosis type 1 can be regarded as an overgrowth syndrome by
virtue of several of its features: macrocephaly, the presence of tumors, and, on
occasion, hemihyperplasia of a limb or digit. It was increased about 150 fold in
a population of autistic patients (Cohen 2003). However, neurofibromatosis 1 is
a relatively common syndrome, with an estimated incidence of between 1 in 2,500
and 1 in 3,000. That is why it is hard to be sure that, in any one case, the reports
of neurofibromatosis 1 and autism reveal an etiological connection. The neuro-
fibromatous tumors in the brain may or may not be involved in clinical symp-
toms. The literature describes a number of children who are initially diagnosed
with autism but are later found to have neurofibromatosis (Gillberg & Forsell
1984; Williams & Hersh 1998).

HYPOMELANOSIS OF ITO

Hypomelanosis of Ito (HI) or incontinentia pigmenti achromians is a neurocuta-
neous syndrome characterized by macular hypopigmented whorls, streaks, and
patches usually distributed on the trunk, where they should not cross the midline,
or the limbs. HI affects both sexes with a possible preponderance in girls. It is
the third most frequent neurocutaneous disease, following neurofibromatosis type
1 and tuberous sclerosis, and it is accompanied by abnormalities of the CNS in
over half of the cases. Macrocephaly is a common occurrence in this syndrome
and was present in 16% of the cases reported by Pascual-Castroviejo et al. (1998),
who also described autism in 10% of their cases. The occurrence of autism in
HI series is probably related to the number of cases of autism seen in a single
service, and it was therefore higher in a study conducted on this topic in Siena’s
service of child neuropsychiatry (Zappella 1992). In this study of 25 children with
HI, 5 children (20%) had macrocephaly; however, only 1 out of the 15 children
had both an autistic disorder and HI.
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PTEN HAMARTOMA-TUMOR SYNDROME

Mutations of the PTEN gene can result in developmental syndromes; the muta-
tions are also associated with macrocephaly, hamartomas, and neoplasias. The
Cowden syndrome and Bannayan-Riley-Ruvalcaba syndrome probably should be
considered as one disease entity (Marsh et al. 1999), as they are both caused by
germline mutations in the PTEN gene at a chromosome 10q22-23 locus. The
literature describes children who have Cowden syndrome or Bannayan-Riley-
Ruvalcaba syndrome and who meet the criteria of autism, but only after an
autistic regression (Butler et al. 2005). Goffin et al. (2001) described a boy with
Cowden syndrome, autism, and macrocephaly with a broad and high forehead
and hypotonia that resolved with age; this phenotype is similar to a description
of a boy with autism and Bannayan-Riley-Ruvalcaba syndrome (Zori et al. 1998).

OCCULT OR MILD HYDROCEPHALUS

Sometimes the apparent macrocephaly of a child with autism reflects a devel-
opmental problem with absorption or blocking of cerebral spinal fluid, resulting
in a diminution of brain tissue around the ventricles, or ventriculomegaly. One
of the first series of cases of autism evaluated from a biological point of view
revealed a child with occult hydrocephalus (Schain and Yannet 1960). Since then
there have been many such cases published, and the one consistent finding is an
occult or mild widening of the ventricular system and/or hydrocephalus; fully
developed or severe hydrocephalus has not been reported. In the case reported
by Knobloch and Pasamanick (1975), the etiology of the hydrocephalus was the
Dandy-Walker syndrome, which occurs secondarily to meningitis or a papilloma
of the choroid plexus. But in most reported cases, the underlying factor leading
to the hydrocephalus is unknown.

CONCLUSION

The presence in an infant of abnormal crossing of cranial growth parameters by
head measurements (an actual measurement out of the normal range) raises the
possibility of a developing central nervous system disorder. One of the possible
disorders in both macrocephaly and microcephaly is a disease entity of the autistic
syndrome.

A number of studies on nonsyndromic autism and Asperger syndrome have
found a significant subgroup of young children with macrocephaly. However, it
is an early age phenomenon, with the rate of cranial growth slowing in later
childhood. In addition, several overgrowth syndromes can present with both
macrocephaly and autism. Macrocephaly in children with autism can reflect either
megaloencephaly, occult/mild hydrocephalus, or benign cranial tumours.

A brief medical examination of family members is indicated in all young
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children developing progressive macrocephaly and a mild or moderate delay in
psychomotor development (Goffin et al. 2001). Parents that have normal intel-
ligence and social skills may still have medical signs and symptoms that can help
identify their child’s specific diagnosis, such as one of the neuroepidermal dis-
orders, a PTEN syndrome, and so on.
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Chapter 5

Other Neurological Signs and Symptoms in Autism

Mary Coleman

Whether a child has syndromic autism or nonsyndromic autism is not the only
important distinction to be made in the process of reaching a diagnosis. It also
is important to determine if the child does or does not have neurological signs
and symptoms. In the 60 years since autism was first described, it has become
very clear that it is a behaviorally valid syndrome. Initially, the children were
diagnosed based on behavioral and developmental symptoms, and at first it was
not apparent that they had any significant number of neurological signs or symp-
toms. However, as these children were examined more closely and as the syn-
drome was extended to more and more disease entities with no criteria of exclu-
sion, the role of neurological signs and symptoms has become ever more
prominent. Most striking of all has been the documentation of the frequency of
seizure disorders.

EPILEPSY

It is now clear that children with autism are at heightened risk for epilepsy. This
risk of developing seizures was already apparent in the very first group of children
described by Kanner (1971); 2 of the initial 11 children became epileptic. The
prevalence of epilepsy among children with autism now is estimated to be about
30% (Minshew 1991; Tuchman & Rapin 2002); EEG abnormalities occur in even
more children, up to 43% of children with autism in some series (Hashimoto
2001). Seizure disorders can occur in any IQ range among children with autism
but are more common among individuals with lower IQ (Volkmar & Nelson
1990). Children with Asperger syndrome are in the higher IQ range and less
likely to have epilepsy than children with autism, although some cases have been
reported. The children with autism who test in the severely retarded range are at
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even higher risk for epilepsy than other children who have severe mental retar-
dation but do not have autistic features (Gillberg et al. 1986). Other factors
known to predispose a child with autism to seizures are motor deficits, such as
cerebral palsy, and severe auditory agnosia (Tuchman et al. 1991). One study in
autism linked the probability of a seizure disorder to the severity of behavioral
symptoms (Olsson et al. 1988).

Seizure disorders may begin at any age in children with autism, but there are
ages of greatest risk. Besides infantile spasms of the extended neonatal period,
the two other age groups with peaks of seizure-onset are early childhood (under
5 years of age) and adolescence (above 10 years of age). The highest rates of
epilepsy are found in surveys that include adolescents and adults (Giovanardi-
Rossi et al. 2000).

Figure 5.1 Five-year-old boy with autism and epilepsy.
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Epilepsy is defined as two or more unprovoked seizures of any type. All major
seizure types have been described in the medical literature in children with autism
or PPD-NOS (Tuchman et al. 1991). These types include infantile spasms, atonic
seizures, the myoclonic epilepsies, atypical absence, complex partial seizures, and
generalized tonic-clonic seizures. Seizure manifestations in a child with autism
may have unusual presentations; complex partial seizures in particular can be
disguised in many ways, such as in the form of fears, difficulty talking, absences,
etc. For example, spitting can be a manifestation of temporal lobe epilepsy (Renier
2004). There are even cases of intractable epilepsy, where the severity of the
seizures is said to preclude a diagnosis of autism, leading instead to a diagnosis
of PDD-NOS (Mann et al. 2004); this type of diagnosis is an example of how
the failure to have exclusion requirements for the diagnosis of autistic disorders
results in the poorly defined PDD-NOS label.

West syndrome refers to infantile spasms accompanied by a hypsarrhythmic
EEG. Patients with infantile spasms have a 2-16% chance of later developing
autism; the average percentage is thought to be approximately 10%. However,
the percentage jumps above 50% if these infants exhibit bitemporal hypometa-
bolism in a PET scan (Chugani et al. 1996). A population-based study of pre-
pubertal children with autism or autistic-like conditions found complex partial
seizures were present in 71% of those with an onset of seizures in early childhood
(Olsson et al. 1988). Grand mal/tonic-clonic seizures are the most frequent form
of seizures in the general population, and they are relatively more frequent in
older children and adolescents with autism. Some children with autism have more
than one seizure type.

Landau-Kleffner syndrome is an acquired epileptic aphasia affecting children
usually between 2 to 5 years of age who have already developed speech. In the
classical type, the aphasia is acquired and other higher cortical functions usually
do not deteriorate. “Epilepsy with continuous spike-waves during slow wave
sleep” may be a variation of the syndrome; intellectual deterioration occurs, and
often symptoms reminiscent of autism appear. Because the prognosis of Landau-
Kleffner can be limited, early aggressive treatment, such as adequate doses of
valproic acid/divalproex or corticosteroids, is indicated.

A subgroup comprising possibly a third of autistic toddlers regress in language,
sociability, play, and often cognition (Rapin 1995). Does a seizure problem ever
cause this autistic regression? Statistically, the answer is an overwhelming “no”.
Yet the question of autistic regression related to abnormal EEG or clinical seizures
has been raised in a very few cases (Deonna et al. 1993; Nass et al. 1998). A
prolonged sleep EEG that includes a study of sleep stages III and IV has been
recommended for children without seizures who have regressed or who have
fluctuating deficits, and for mute and poorly intelligible children who might have
verbal auditory agnosia (Tuchman & Rapin 1997). When a child regresses in
language, classic Landau-Kleffner syndrome can be distinguished from autism by
the absence of all or most of the autistic behavioral profile.



104  The Neurology of Autism
Epilepsy-Autism Combinations

The specific etiology of seizures due to an underlying epileptic disorder has not
yet been demonstrated in the majority of patients with seizures; in that sense,
epilepsy is a vast syndrome like autism. Both of these huge syndromes await
major clarifications. Many of the reports of behavioral symptoms associated with
a known epilepsy syndrome are still in the anecdotal range and await validated
measures of behavior.

The higher prevalence of epilepsy in autism is probably best explained by the
reality that many different diseases underlie the presentation of autistic symp-
toms. Autism is a collection of different, often unknown, disease entities that
share a distinctive pattern of behavior; many of these disease entities are seizure-
free, others are not. In spite of a large and growing differential diagnosis of
possible rare combinations of autism and epilepsy (table 5-1), most children with
both syndromes still do not receive an etiological diagnosis. Thus, speculation
about the mechanism that causes epilepsy in most patients with autism is pre-
mature. The role of GABA receptors, the alterations in synaptic transmission or
ion channels, abnormal calcium/magnesium levels or the presence of heterotopic
neurons need to be studied disease by disease. One interesting general association,
however, was noted by Tuchman and Rapin (2002), who pointed out that the
association of severe receptive-language disorders with epilepsy and with autism
may not be fortuitous, because all three implicate temporal-lobe dysfunction.

The known diseases that can include a combination of autism and seizures in
their phenotype are usually classified in two general groups: some of them are
classified as idiopathic epilepsy (Besag 2004), while others are part of an estab-
lished syndrome with stigmata that includes epilepsy within its phenotype (table
5-1). Some of the genes that have been implicated in idiopathic epilepsies encode
voltage gated ion channels (channelopathies). In contrast, syndromes with epi-
lepsy as a main feature can be caused by genes that are involved in functions as
diverse as cortical development, mitochondrial function, and cell metabolism
(Steinlein 2004).

An example of a channelopathy where autistic symptoms can be seen is the
Dravet syndrome, also known as severe myoclonic epilepsy in infancy. It is a rare
disease, and for a child with the disease to develop autism is even rarer; Harkin
et al. (2002) described one such child with a mutation in the GABA, receptor
gamma?2 subunit gene. The more frequent mutation found in this patient group
is found in the neuronal voltage-gated sodium channel alpha subunit type 1
(SCN1A) gene (Claes et al. 2003, Ceulemans et al. 2004). A lariat branchpoint
mutation of the SCN2A gene has been described in one multiplex autism family
(Weiss et al. 2003).

The tuberous sclerosis complex is an example of a syndrome in which epilepsy
is a main feature and autistic symptoms are found. This is a neurocutaneous
syndrome, many of which have autism and seizures (Pascual-Castroviejo et al.
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Table 5-1 Disease entities reported in the literature
to be present in one or more children who have both
epilepsy and autistic symptoms

A. Epilepsy syndromes

Epilepsy with continuous spike wave in slow-wave sleep
Dravet syndrome—severe myoclonic epilepsy of infancy
HEADD syndrome

Landau-Kleffner acquired epileptic aphasia
Lennox-Gastaut syndrome

Orstavik 1997 syndrome

Pyridoxine-dependent seizures

West syndrome

B. Other syndromes

Adenylosuccinate lyase deficiency

Angelman syndrome

ARX partial duplication syndrome
Chromosome 15q11-q13 duplication syndrome
Chromosome 1g43 deletion

Creatine transporter defect

Classic Kanner autism

Cortical dysplasias

Cytochrome C oxidase deficiency

D-glyceric aciduria

Dysembryoplastic neuroepithelial tumors (DNETS)
Fragile X syndrome

Hippocampal sclerosis (bilateral)
Hypocalcinuria subgroup

Hypomelanosis of Ito

PKU autism

Rasmussen encephalitis

Rett syndrome

Sanfilippo syndrome, type A

Sotos syndrome

Succinic semialdehyde dehydrogenase deficiency
Temporal sclerosis (medial)

Tuberous sclerosis

X-linked creatine transporter defect

1998), a member of the group of phakomatoses. It is an autosomal dominant
disorder characterized by benign tumors (hamartomas) called tubers, although
the most disabling aspect of this central nervous system disease may be the white
matter lesions (see chapter 2). Malformations occur in one or more body systems,
including the skin. This prevalence of this disease entity occurs in 0.01% of the
general population, but it is found in 1% to 4% of children with autism, with a
higher percentage among those having a seizure disorder (Smalley 1998).
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Tuberous sclerosis complex is a genetically heterogenous disorder due in most
cases to the TSCI and TSC2 genes. Families segregating to TSCI and TSC2 look
clinically similar, and autism can be a behavioral feature of mutations in both.
Unfortunately, some of the affected children are simply called “autistic” during
the earlier years of their life (Reich et al. 1997); after 5 years of age, a characteristic
acne-like lesion on their faces (adenoma sebaceum) may suggest the underlying
diagnosis. The first sign of tuberous sclerosis complex may be the presentation
of infantile spasms. In a follow-up study of 214 children with infantile spasms,
Riikonen and Amnell (1981) found that 25% of the children who had a com-
bination of infantile spasms, autism, and no changes in muscle tone also had the
tuberous sclerosis complex. As they advance through childhood, other seizure
types present; by the time they reach adulthood, 84% of the children with the
tuberous sclerosis complex have experienced one or more types of seizures.

Treatment

The goal of pharmacotherapy to treat seizures themselves in children with autism
is to achieve seizure control with optimal cognitive and physical function using
the simplest possible antiepileptic drug (AED) regimen. Like with the treatment
of other groups of patients with epilepsy, monotherapy with one AED to control
seizures is preferred.

In the case of infantile spasms, ACTH is often the preferred treatment. How-
ever, a new drug, vigabatrin, appears to be particularly effective in the treatment
of infantile spasms in children with tuberous sclerosis, although it is not an FDA-
approved medication at this time owing to potentially irreversible retinal toxicity
and vision loss (Mackay et al. 2004).

For older children with complex partial seizures or tonic-clonic grand mal
seizures, a number of options exist. Both older therapies, such as valproic acid/
divalproex, carbamazepine, and corticosteroids, as well as newer AEDs, such as
lamotrigine, topiramate, gabapentin, oxcarbazepine, and tiagabine, can be tried.
Individual patient responsiveness will determine which AED is used consistently.

A minority of children with autism should be monitored for the presence of
hypocalcinuria (Coleman 1994); chronic administration of anticonvulsants can
further adversely affect calcium levels. The anticalcium mechanism involved in
some anticonvulsant drugs is believed to be the induction of hepatic enzymes
that increase the catabolism of vitamin D and its biologically active products.

AEDs generally act on diverse molecular targets largely through effects on
voltage-gated sodium and calcium channels, or by promoting inhibition mediated
by GABA, receptors. The subtle biophysical modifications in channel behavior
that are induced by AEDs are often functionally opposite to defects in channel
properties caused by mutations associated with epilepsy (Rogawski & Loscher
2004).

Some children with autism are placed on a psychopharmaceutical therapy (see
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chapter 10). If a child also has epilepsy, it is important that drugs that change
seizure threshold not be selected for that child.

Finally, it should be kept in mind that although a child has both an autistic
syndrome and an epilepsy syndrome, the two syndromes are not necessarily di-
rectly related; because both syndromes are relatively common, in some patients
it may just be a miserable coincidence.

STEREOTYPIES AND OTHER ABNORMAL MOVEMENTS

Abnormal movements, called hyperkinesias in neurology, are for the most part
involuntary contractions of voluntary muscles. Some of the movements defined
by classical neurology—such as tics, chorea, and athetosis—can be observed in
individuals with autism. But most of the abnormal movements seen in patients
with autism/Asperger fall under the category of stereotypies, also known as ad-
ventitious movements. Stereotypies are abnormal repetitive, unvarying behaviors
that appear to have no goal or function. Although such abnormal repetitive
behaviors are not pathognomic of autism, their occurrence and severity are more
frequent in autism than in mental retardation (Bodfish et al. 2000).

Many stereotypies are seen in autism (Walker & Coleman 1976; Gardenier et
al. 2004). They are hand flapping, patting, tapping, rubbing, clasping, wringing,
hand and thumb sucking, and finger flicking. Hands covering the ears and the
twirling/spinning of objects are common. Smelling, licking, spitting, and mouth-
ing of objects and other people are seen. Children with autism often posture,
rock or twirl their bodies, or jump for no apparent reason. Head rocking can
progress to head banging. Facial grimacing, eye squinting, and even phonic tics
can be observed. The most distressing of the stereotypies are self-injurious be-
haviors, such as biting the back of the hand, wrist, or arm and the poking or
hitting of the eyes.

Regarding treatment, occasionally, an abnormal EEG, if found, leads to a trial
of anticonvulsants. A number of standard antipsychotic medicines can be tried
(chapter 10). An extensive literature also describes behavior conditioning that
attempts to ablate or ameliorate these stereotypies.

But the pathophysiology of stereotypies and their relationship to other move-
ment disorders is poorly understood. The neurological substratum underneath
such adventitious movements is not established in humans. A distinct possibility
is the presence of abnormalities of basal ganglia-thalamocortical projections di-
rected primarily (although not exclusively) to the frontal lobe and involving the
premotor and prefrontal cortices. Theoretically, stereotypies could arise anywhere
within such circuits. It has been proposed that such circuits might be dysfunc-
tional at the basal ganglia level in autism because the basal ganglia are dysfunc-
tional with so many other neurologically defined movement disorders. Classic
basal ganglia signs can be observed in at least 10% of children with autism (Wal-
ker & Coleman 1976). Both serotonin and dopamine pathways likely are involved.
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In animals, dopamine appears to be the overriding culprit: microinjection of
dopaminergic agents into rodent striatum has induced or ablated stereotypic
movements (Graybiel et al. 2000). Not enough work has even begun to be com-
pleted in handicapped children, but a MRI/PET study relates stereotypical be-
haviors in children with the tuberous sclerosis complex to functional imbalance
in subcortical circuits (Asano et al. 2001).

The role of the frontal cortex in stereotypies and perserverative behavior is
another possibility. Stereotypies and obsessive-compulsive behaviors are consid-
ered to be mutually exclusive categories of behavior, with likely different neural
substrates. However, in at least some patients with autistic symptoms, executive
frontal control causing a dysfunctional motor circuit can not yet be ruled out, if
only because there is so much evidence by imaging studies of frontal lobe in-
volvement (see chapter 2). In one study, measures of stereotyped behavior were
significantly positively correlated with frontal lobe volume and significantly neg-
atively correlated with area measures of cerebellar vermis lobules VI-VII (Pierce
& Courchesne 2001).

Additional insight might be gained by looking at neurologically defined move-
ment disorders such as the tics sometimes seen in children with autism or As-
perger syndrome (Ringman & Jankovic 2000; chapter 8). In Tourette’s syndrome,
activity appears to be positively coupled between the motor and lateral orbito-
frontal circuits in contrast to a negative correlation in controls; the connectivity
of the ventral striatum, part of the basal ganglia, is the most severely affected
(Jeffries et al. 2002).

Under the DMS-IV classification, behaviors as diverse as stereotypies, cognitive
inflexibility, and a need for sameness are grouped together (Militerni et al. 2002).
As the dysfunctional neural circuits become more clearly defined in each sub-
group of individuals with autism/Asperger, motor and cognitive networks are
likely to be separated from each other.

CHANGES IN MUSCLE TONE

Muscle tone is defined as the tension of muscles when they are relaxed, or as
their resistance to passive movement when voluntary control is absent. The entire
range of increased, normal, and decreased muscle tone has been reported in
children with autism and Asperger syndrome, undoubtedly depending upon the
pathophysiology of the underlying illnesses. Muscle tone can be difficult to ap-
praise clinically and minor impairments are especially hard to identify except by
a skilled examiner. In many patients with autism, changes in muscle tone are
subtle or borderline, making it difficult to be sure. Questionable abnormalities
of gait are a clinical sign that raise questions about changes in muscle tone
(Hallett et al. 1993; Smith 2000).

Many possible factors can impair muscle tone. Normal tone is dependent
upon a complex system: the integrity of the muscle, the myoneural junction, the
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peripheral nerves, the alpha and gamma motor neurons, the interneurons in the
spinal cord, as well as all the central connections above these levels. Many, per-
haps even the majority, of children with autism have normal muscle tone, but
adequate studies are not available. However, in a number of different groups of
patients with autistic symptoms, abnormal muscle tone has been reported.

Hypertonicity usually is caused by impulses from supraspinal regions. A great
range of hypertonicity has been reported in autism. At one extreme is mild hy-
pertonus as exemplified by toe-walking, an early sign noted in some children
with autism. Usually these children have subtle increases in tone and do not have
evidence of pyramidal responses, such as ankle clonus or the Babinski sign. At
the other extreme are children with the spasticity of cerebral palsy who also are
found to have classical symptoms of autism. Spasticity is a state of sustained
increase in tension of a muscle when it is passively lengthened. Spastic cerebral
palsy, a nonprogressive disorder of posture or movement due to lesions in the
developing brain, occurs in about 2 per 1000 live births. The reported percentage
of children with cerebral palsy and autistic symptoms is 1% to 10% (Fombonne
et al. 1997; Nordin & Gillberg 1996). Since autism and cerebral palsy are among
the most common of the developmental disorders, it is not known if the presence
of both syndromes in any individual child is coincidental or not. A variable and
asymmetrical spasticity has been reported in children with Angelman syndrome
(Beckung et al. 2004), one of the forms of syndromic autism.

In between these two extremes, different degrees of hypertonus can be found.
The rigidity seen from involvement of the basal ganglia or other parts of the
extrapyramidal system is a form of hypertonus. Extrapyramidal rigidity shows
resistance to passive movement but often to a lesser degree than is found in
spasticity. There has been little examination of this question in autism except by
Vilensky et al. (1981), who did a kinesiologic analysis of gaits of children with
autism and reported that they had some resemblance to the gait of rigid adults
with Parkinson.

Catatonic rigidity also is a form of hypertonus and has been reported in a
number of patients with autism. From a neurological point of view, catatonic
rigidity is a waxy or lead-pipe type of resistance to passive movement; the term
catalepsy is used when it may be possible to mold an extremity into any position
in which it remains for some time. The term “catatonia” has been used more
generally for accompanying catatonic stupor or excitement; sometimes the term
has been used to include extreme slowness, passivity, and lack of spontaneous
action. Catatonia was first described in patients with Asperger syndrome in 1981
(Wing) and in autism in 1991 (Realmuto & August). It appears from 10 to 19
years of age and affects about 6% of patients with an autistic syndrome. Catatonia
has since been described as part of the fuller motor, behavioral, and affective
complex of catatonia in some adolescents and adults with autism by Wing and
Shah (2000). Dhossche (2004) has raised the question of whether autism could
be an early childhood expression of adolescent/adult catatonia in some patients
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since the mutism, echopraxia/echolalia, and stereotypies of the catatonia complex
are the same symptoms that can be seen in autism. Hare and Malone (2004)
have suggested that autistic catatonia may include a complex of very slow vol-
untary motor movements, as well as stopping or freezing in the course of move-
ment and requiring prompting, which may or may not help.

Hypotonicity has been reported in small groups of children with autism. Hy-
potonus usually arises from impairment of the lower levels of the system: the
muscles themselves, the peripheral nerves, or the spinal connections and path-
ways. However, it also can occur from central connections such as poor feedback
from higher sensory systems or inadequate impulse from the cerebellum. Little
or no resistance to passive extension or flexion is found in a tonus examination
of a child with hypotonia.

Neonatal hypotonia is unusual in case histories of children with later autistic
symptoms, but there are some exceptions. The most severe cases of chromosome
15q11-q13 duplication syndrome can have profound hypotonia (Mann et al.
2004). Most children with Rett Complex have a brief period of normal devel-
opment before their symptoms present (see chapter 7); however, infant hypotonia
has been described (Heilstedt et al. 2002).

Poor muscle tone can be due to many factors. In children with autism, cer-
ebellar dysfunction is a reasonable possibility and can be checked by neurological
examination (Haas et al. 1996). When hypotonia is due to impairment of the
muscle, there is a possibility of a mitochondrial disease (Clark-Taylor & Clark-
Taylor 2004; Pons 2004). Actually, when a child with autistic symptoms has hypo-
tonia, there is a significant chance that this child’s underlying diagnosis can be de-
termined today. Besides the hypotonia commonly seen in the easier to diagnose
MC/MR syndromes, children with autism may be affected by a chromosomal or
genetic disease, a metabolic dysfunction, or a mitochondrial disease (see table 5-2).

MUTISM

One of the most haunting questions in autism is why some of the children with
autism are mute even though they can demonstrate a surprising level of knowl-
edge through independent typing and other means. Children with a history of
regression sometimes speak a few words before the autistic regression, and then
become mute. Also unanswered is why some apparently mute children with au-
tism finally begin to speak, but at extremely late ages (Windsor et al. 1994).
Estimates of mutism in autism vary widely, undoubtedly depending upon how
the patient population was selected. The estimates range from as low as 18%
(Coleman 1976) to as high as 61% (Fish et al. 1966). Occasionally a child has
deaf-mutism. Some of the speaking children with autism have very limited vo-
cabularies, perhaps only a few single words. The percentage of children with
mutism has been declining in recent years as more and more high functioning
children are classified as having an autistic spectrum disorder.
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Table 5-2 Differential diagnosis of
nonsyndromic autism and hypotonia

Chromosomal syndromes:

Chromosome 1g43 deletion
Chromosome 15q11-q13 duplications

Metabolic syndromes:

Adenylosuccinate lyase deficiency
D-glyceric aciduria
Succinic semialdehyde dehygrogenase deficiency

Nuclear genetic syndromes:

Rett Complex

Mitochondrial dysfunction syndromes:

mtDNA syndromes
HEADD syndrome

Kanner (1943) described the language characteristics of the first 11 children
whom he diagnosed as autistic, including 3 who were mute. He described a
mutism that was rarely interrupted by the production of a full sentence and
usually occurred in situations that the child perceived to be highly stressful. There
are known variations of mutism in which the child speaks only to certain people
(elective mutism) or only in certain conditions (selective mutism).

More recently, it has been assumed that mutism in autism was a symptom of
a major global developmental delay problem because children who have both
autism and mutism tend to be lower functioning (Miranda-Linne & Melin 1997;
Carter et al. 1998) not only in terms of language, but also in the behavioral
repertoire, such as self-stimulation (Chock & Glahn 1983). It is not known if
most mute patients with autism (who do not have a known MR/MCA syndrome)
might have a similar underlying pathophysiology from one disease entity or
whether mutism in autism is a final common clinical expression of a number of
different underlying diseases. A theory arose that mute patients were more likely
to have a prenatal infectious etiology, but this has not been supported by a study
of the seasonality hypothesis in either the mute or the verbal groups (Landau et
al. 1999). In some cases, mutism in children with autism has been associated
with other neurological findings, such as catatonia (Realmuto & August 1991).
Individual evaluation of language networks might be another approach in mute
children, since it has been discovered that some children with autism have unique
neural circuitry based on aberrant and individual-specific neural sites (Pierce et
al. 2001).
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Gesture can be as affected as language in autism; all the communicative skills
are diminished. Of particular interest to evaluating the problems in autism are
the studies showing that language and gesture may be mediated by common
neural systems (Bates & Dick 2002). Language and gesture milestones advance
together in typical children growing up. It has been shown that there is a close
correlation between the first word production and what is called “gestural nam-
ing,” usually in the 12 to 18 month age group. In studies of young autistic
children, word production does not begin until recognitory gestures have ap-
peared (Happé & Frith 1996). Further evidence for language-gesture links in early
development comes from a study of handedness, which shows a right-hand bias
in typical children before they begin to speak; the right-handed bias is greatest
for gestures with communicative or symbolic content (Bates et al. 1986). A whole
topic in itself is the extensive literature on the problem of brain lateralization, or
failure of lateralization, in autism.

In infants, linguistic knowledge is not thought to be innate and is not localized
in a clear and compact place in the brain, but the infant brain is not a tabula
rasa either: it is already highly differentiated at birth, and certain regions are
biased from the beginning toward modes of information processing that are par-
ticularly useful for language. However, if there is a developmental problem, the
infant brain is thought to be highly plastic, which permits alternative “brain
plans” for language to emerge if the standard situation does not hold (Bates
1999). Since social interaction with another human being affects speech learning,
children with autism are at risk especially if they prefer nonspeech signals to
“motherese.”

Some mute individuals with autism clearly have an oral dyspraxia; they have
hypomobile, atrophic tongues, suggestive of cranial nerve involvement. But the
neural networks that control speech are difficult to evaluate in mute patients with
autism. Perhaps one reason there is so little consistent work is that the circuits
underlying vocal control are extremely complex. They consist of essentially three
components: laryngeal activity, supralaryngeal (articulatory) activity, and respi-
ratory movements (Jurgens 2002). Voluntary control of vocalization, in contrast
to involuntary vocal reactions such as shrieks of pain, requires the intactness of
the forebrain. The motor neurons controlling vocalization are located in nuclei
of the pons, medulla, and ventral horn of the spinal cord and need facilitation
and coordination by many additional nuclei ranging from the supplementary
motor area of the frontal lobe all the way down to the cerebellum.

In adults and older children, mutism results from the interruption of neural
pathways of previously acquired language, and evidence often points toward fron-
tal interruption of those networks in adults. It is known that left-sided anterior
cerebral artery infarction can result in mutism. Bilateral anterior cerebral artery
infarction affect the dorsal part of the medial prefrontal region as a whole (in-
cluding the anterior cingulate), which forms a bottleneck region where systems
concerned with movement, emotion, attention, and working memory interact. A
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bilateral injury there can cause akinetic mutism (Kumral et al. 2002). It has been
suggested that akinetic mutism is a specific condition characterized by injury of
the frontal neuronal systems that promote executive function (Tengvar et al
2004). Surgical injury to the medial frontal lobe for resection of a low-grade
glioma often results in transient postoperative speech disorders, including com-
plete mutism. In a study by Krainik et al. (2003), speech deficit was directly
related to the resection of the supplementary motor area of the dominant hemi-
sphere for language, as demonstrated by fMRI.

Children who already have developed speech and then suffer from severe
traumatic head injury can experience posttraumatic mutism, perhaps involving
mesencephalic structures. The 7 children described in the paper by Dayer et al.
(1998) recovered verbal production in between 5 to 94 days. Another example
of mutism occurring in children who previously had language is cerebellar mut-
ism, which usually follows surgical or infectious injury of the cerebellum. Mutism
can be evoked by surgical injury to the dentatothalamofrontal tract itself (Wang
et al. 2002); this circuit has been implicated in autism (Chugani et al. 1997).
Although initial mutism and the subsequent dysarthria are the most feared se-
quelae of cerebellar astrocytoma surgery, Asperger syndrome has recently been
added to the list of sequelae (Aarsen et al. 2004).

In children, the mutism associated with surgical cerebellar lesions or infectious
injury to the cerebellum is usually reversible owing to the phenomenon of dias-
chisis. Diaschisis is an example of how complex it can be to locate an exact lesion
site when studying mutism; it refers to the effects of a lesion in one part of the
brain on other regions that are both remote and not directly involved in the
primary lesion. In diaschisis, normal input traveling from one cortical region to
another is interrupted; it produces a disruption of cerebral oxygen metabolism,
glucose metabolism, and blood flow in the secondarily affected cortical area
(Meyer et al. 1993). As the primary lesion heals, a partial or complete return of
function occurs in that remote, temporarily deactivated region. A chronic syn-
drome associated with cerebellar malfunction is the cerebellar cognitive affective
syndrome (CCAS). In children, it sometimes includes symptoms associated with
autism, including language disorder (see chapter 3). Originally described in
adults, the syndrome consists of linguistic difficulties, personality changes, im-
paired spatial cognition, and disturbances of executive function.

One of the most unexpected outcomes of the study of language in child de-
velopment is that of children born with hemihydranencephaly. This is a rare
condition characterized by complete or almost complete destruction of half the
cerebral cortex, leaving only a membranous sac containing cerebrospinal fluid
but preserving the meninges, basal ganglia, pons, medulla, and cerebellum on the
affected side. Such patients with half of their cerebral cortex missing constitute
an experiment of nature with implications for speech development. It is of great
interest that language development has been recorded in patients with both left
and right hemihydranencephaly. The destruction of one or the other of the ce-
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rebral hemispheres that occurs soon after the completion of neurogenesis in the
second trimester demonstrates that each cortex contains sufficient circuitry for
the potential of language development (Greco et al. 2001). The relatively good
outcome in hemihydranencephaly is thought to be due in part to neuronal plas-
ticity (Porro et al. 1998). These children are classified as mentally retarded; sur-
prisingly, it is often only a mild retardation.

The experience with hemihydranencephaly raises the possibility that the dys-
function of developing language networks might be bilateral in children with
autism who remain mute. In autism, these bilaterally affected circuits include
gesture, as well as language networks, and failures in timely cerebral lateralization
occur. Some of the areas of malfunction in autism that might be bilateral could
be those that affect neurotransmission, such as genetically programmed synap-
togenesis, the levels of ions or neurotransmitters, the presence of ventriculome-
galy, or inadequate myelination. But so little is known; this is a major area for
research.
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Chapter 6
The Epidemiology of Autism

Christopher Gillberg

For a long time, childhood autism was considered to be an extremely rare dis-
order, with its prevalence rate usually reported at a fraction of a 10th of 1%
(Lotter 1966; Brask 1970; Sponheim & Skjeldal 1998). It is only in the past few
years that autism has been reported to be, if not common, certainly not a very
rare disorder (Gillberg & Wing 1999). The most recent estimates of the prevalence
of autism have ranged from 0.5% to 1.1%, that is, 20-100 times higher than those
suggested in text books even in the mid 1990s (Lord & Rutter 1994). However,
for a quarter of a century, and independently, Wing and Gillberg have argued
that autism is much more common than originally believed (Wing & Gould 1979;
Gillberg 1983; Gillberg 1991; Gillberg et al. 1991; Wing 1996).

The present chapter aims to review the major epidemiological studies per-
formed in the field of autism (including so-called ASDs). However, only studies
published in the English language and meeting certain criteria for inclusion will
be referred to.

CRITERIA FOR INCLUSION OF EPIDEMIOLOGICAL
STUDIES IN PRESENT REVIEW

This review includes only studies that have been published in the English language
up until the end of 2003. (Some reference will also be made to yet unpublished
studies performed by the author in the past few years.)

All studies meet the following additional criteria:

1. Screening among a wider population should have been performed,
and more than one register or one type of school must have been in-
cluded in the screening stage of the study.
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2. Clinical evaluation of individual cases should have been performed;
studies accepting cases only on the basis of registered diagnoses are
not included.

3. Studies excluding cases with a known or presumed etiology are not
included.

4. Diagnostic criteria and meticulously described assessment methods
must be included.

STUDIES PUBLISHED IN THE 1960s

The first autism epidemiology studies were published in the 1960s (table 6-1).
Lorna and John Wing supervised a study by Victor Lotter from Middlesex, En-
gland, that appeared in 1966 and for many years was the standard by which all
other autism studies were measured. Lotter found a very low rate of “nuclear
autism” (2.0 in 10,000 school-age children) and a similar rate of “non-nuclear
autism” (Lotter 1966).

Even before Lotter’s study, Michael Rutter had published a study from Ab-
erdeen, Scotland on the prevalence of psychotic disorders in children of school
age (Rutter 1967). One needs to keep in mind that, at the time, psychotic dis-
orders in childhood were conceptualized as including autism and similar con-
ditions, and that autism was considered the most common and typical form of
“childhood psychosis.” Lotter (1966) found that approximately 4 in 10,000 chil-
dren had childhood psychosis/autism.

STUDIES PUBLISHED IN THE 1970s

Three important papers on the epidemiology of autism were published in the
1970s (table 6-1). The first U.S. study appeared in 1970 and reported the lowest
rate in the history of autism (0.7 in 10,000 children) (Treffert 1970). In the same
year, a Danish pioneer in the field, Birthe Brask, published her account of a

Table 6-1 Prevalence studies for autism and other ASD: age specific rates per
10,000 children (age ranges vary) 1966—1980

Rate of
Year autism/other Criteria used for
Authors publ Area Studied ASD autism/other ASD
1 Lotter 1966 Middlesex, England 4.5/- Kanner/-
2 Brask 1970 Aarhus, Denmark 4.3/- Kanner/-
3 Treffert 1970 Wisconsin, USA 0.7/2.4 Kanner/DSM-II
4 Wing & Gould 1979 Camberwell, England 4.6/15.7 Kanner/Triad
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Figure 6.1 Eleven-year-old boy with autism and MR.

Jutland autism prevalence study, reporting that 4.3 in 10,000 children suffered
from autism (Brask 1970).

The ground-breaking epidemiological studies of Lorna Wing and her collab-
orators started to appear in the late 1970s. Wing, for the first time in the history
of autism, had taken the view that autism might not be a discrete disease entity
that presented only in “classic” forms. She studied “social impairment” across
the board of all those with any kind of registered disability/handicap in the south-
east London borough of Camberwell and found almost 5.0 in 10,000 with autism
(slightly under half of whom had core autism) and another 16 in 10,000 who
had the triad of social, communicative, and imagination/behavioural impairment
considered crucial for a diagnosis of autism but who did not meet the clinical
prototype of “classic” autism. Thus, Wing suggested that more than 20 in 10,000
(0.2%) children had either autism or something similar (possibly an “ASD”)
(Wing & Gould 1979).
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STUDIES PUBLISHED IN THE 1980s

In the early 1980s, Gillberg (1983) published the first modern account of multiple
comorbidities in a population sample of individuals with child psychiatric dis-
orders. He noted that children with a combination of deficits in attention, motor
control, and perception (individuals who would nowadays be diagnosed as suf-
fering from attention deficit/hyperactivity disorder [ADHD] and developmental
coordination disorder [DCD]) very often had the triad of symptoms referred to
by Lorna Wing, and, in the parlance of the time, he called these problems “psy-
chotic behaviour.” In recent years, cases with these types of problems would
almost definitely be referred to as suffering from “ASDs.” The total population
prevalence of psychotic behaviour/ASDs in 7-year-old children was 0.69%, ac-
cording to the results of that study. The individuals thus classified have since
been reevaluated on several occasions and found to meet currently accepted di-
agnostic criteria for Asperger syndrome, atypical autism, and autistic disorder.
On the basis of this study, the first-ever epidemiological estimate of Asperger
syndrome in the general population was made (a minimum of 0.26% of 7-year-
olds) (Gillberg & Gillberg 1989).

Gillberg’s group also published two general population studies focused spe-
cifically on infantile autism/autistic disorder, which both found relatively low
rates of autism (0.02% and 0.07%, respectively) (Gilllberg 1984; Steffenburg &
Gillberg 1986) (table 6-2).

Several other international publications reporting on the rate of autism—
mostly based on the Rutter (1978), DSM-III (American Psychiatric Association
1980), and DSM-III-R (American Psychiatric Association 1987) criteria for the
condition—appeared in the 1980s, with most studies documenting rates that were
marginally to considerably higher than those reported in the 1960s and 1970s
(0.03 through 0.16%).

STUDIES PUBLISHED IN THE 1990s

In the early 1990s, Gillberg and his group published a paper based on a popu-
lation study performed in 1988, in which the question was raised: “Is autism
more common now than 10 years ago?” (Gillberg et al. 1991). This study was
met with skepticism, and other autism experts in the field queried whether the
Gothenburg group might have started to overdiagnose autism. Nevertheless, most
of the studies published during the rest of this decade found prevalence rates for
autism and its spectrum disorders that were much higher than reported in the
earliest studies (table 6-3). In a review study toward the end of the decade,
Gillberg and Wing (1999) concluded that autism was “not a rare disorder,” and
that the prevalence rate from 1966 onward had gone up by a yearly steady in-
crease of approximately 3-4%.



6. The Epidemiology of Autism 123

Table 6-2 Prevalence studies for autism and other ASD: age specific rates per
10,000 children (age ranges vary) 1981-1990

Rate of
Year autism/other Criteria used for
Authors publ Area studied ASD autism/other ASD
1 Hoshino et al. 1982 Fukushima, Japan 5.0/- Kanner
2 Bohman et al. 1983  Visterbotten, 3.0/2.6 Rutter/Rutter
Sweden
3 Ishii & Takahashi 1982 Toyota, Japan 16.0/- Rutter/-
McCarthy et al. 1984 E Health Bd, 4.3/- Kanner/-
Ireland
5 Gillberg 1984  Goteborg, 2.0/1.9 DSM-111/DSM-I1I
Sweden
6 Gillberg et al. 1987  Goteborg, 3.3/14.3 DSM-I1I/Triad
Sweden
7 Steffenburg & 1986  Goteborg, 4.7-2.8 DSM-I11/DSM-III
Gillberg Sweden
8 Steinhausen et al. 1986 W Berlin, 1.9/- Rutter/-
Germany
9 Matsuishi et al. 1987 Kurume City, 15.5/- DSM-III/-
Japan
10 Burd et al. 1987  Dakota, USA 1.2/2.1 DSM-III/DSM-III
11 Tanoue et al. 1988 Ibaraki, Japan 13.8/- DSM-IIT
12 Bryson et al. 1988 Nova Scotia, 10.1/- DSM-III-R/-
Canada
13 Ritvo et al. 1989  Utah, USA 4.0/- DSM-III/-
14  Sugiyama & Abe 1989  Nagoya, Japan 13.0/- DSM-I11/-
15  Cialdella & Mamelle 1989  Rhone, France 5.1/5.2 DSM-II1/DSM-III

STUDIES PUBLISHED FROM 2000

Almost all autism epidemiology studies published in the past 5 years have yielded
prevalence rates of more than 0.1% for “autistic disorder” and of 0.3-0.7% for
other disorders in the autism spectrum (including Asperger syndrome and atyp-
ical autism) (table 6-4). However, it is only the rate of “autistic disorder” and
that of the wider range of “ASDs” (including autistic disorder) that can be re-
garded as relatively well established.

Rates for Asperger syndrome, and particularly for atypical autism (or PDD-
NOS) and childhood disintegrative disorder, are much more uncertain (table 6-
5). In the case of Asperger syndrome, only a handful of studies have been pub-
lished using specific criteria, but these criteria have varied from one study to
another. Nevertheless, all four Scandinavian studies that have used Gillberg and
Gillberg’s (1989) operationalized criteria for the disorder (based on Asperger’s
original descriptions of his patients) have yielded fairly consistent findings of 0.2-
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Table 6-3 Prevalence studies for autism and other ASD: age specific rates per
10,000 children (age ranges vary) 1991-2000

Rate of
Year autism/ Criteria used for
Authors publ Area studied other ASD autism/other ASD
1 Gillberg et al. 1991 Goteborg, Sweden 8.4/3.2 DSM-IIIR/DSM-IIIR
2 Fombonne & 1992 4 regions, France 4.9/- ICD-10/-
du Mazaubrun
3 Honda et al. 1996 Yokohama, Japan 21.1/- ICD-10/-
Fombonne et al. 1997 3 departments, 5.4/10.9 ICD-10/ ICD-10
France
5 Arvidsson et al. 1997  Molnlycke, 31.0/15.0 ICD-10/ ICD-10
Sweden
6 Webb et al. 1997 S Glamorgan, 7.2/- DSM-III-R/-
Wales
7 Sponheim & 1998  Akershus, 3.8/1.4 ICD-10/ ICD-10
Skjeldal Norway
8 Kadesjo et al. 1999 Karlstad, Sweden 60.0/60.0 ICD-10/Gillberg'
Magnusson & 2001 Iceland 8.6/4.6 ICD-10/ ICD-10
Saemundsen
10 Baird et al. 2000 SE Thames, 30.8/27.1 ICD-10/ ICD-10
England
11 Powell et al. 2000 W Midlands, 16.2/17.5 DSM-IIIR, ICD-10
England
12 Kielinen et al. 2000 N Finland 12.2/1.7 DSM-1VIDSM-1V

0.5% of the general population of school age children having this variant of an
ASD. For atypical autism/PDD-NOS the situation is more difficult still, given that
the so-called operationalized criteria for this category according to the ICD-10/
DSM-1V are extremely vague and really nowhere near true operationalization.
The general population rate for childhood disintegrative disorder has recently
been estimated to be 0.17 in 10,000 children or 50-100 times less than that for
autistic disorder.

SUMMARY OF PREVALENCE STUDY FINDINGS

The most recent estimates of the prevalence of ASDs in the general population
(including autistic disorder, Asperger syndrome, and atypical autism/PDD-NOS)
converge around a rate of 0.6% to 1.1% of school age children. This is 20-100
times higher than the rate suggested by the early studies performed approximately
40 years ago. Autistic disorder probably contributes 20-40% of the total preva-
lence of reported ASD. Most of what we currently regard as state-of-the-art
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Table 6-4 Prevalence studies for autism and other ASD: age specific rates per
10,000 children (age ranges vary) 2001-2003

Rate of
Year autism/ Criteria used for
Authors publ Area studied other ASD  autism/other ASD
1 Bertrand et al. 2001  Brick Township, USA 40.0/27.0  DSM-IV/IDSM-IV
2 Chakrabarti & 2001  Staffs, England 16.8/45.8 ~ DSM-IV/DSM-IV
Fombonne
3 Croen et al. 2002  California, USA 11.0/- DSM-IIIR, DSM-IV
Yeargin-Allsopp et al. 2003  Atlanta, USA 34.0 all DSM-IV

knowledge about autism is based on what we know about autistic disorder. This
knowledge cannot automatically be generalized and applied to ASD. For instance,
the old “truth” that 70-90% of all individuals with autism also suffer from mental
retardation does not apply to Asperger syndrome or PDD-NOS. Rather, the rate
of mental retardation across all ASDs is probably in the range of 15%-20% if all
variants of disorders in the spectrum are taken into account.

Girls are much underrepresented in all the autism prevalence studies reviewed
here. However, there is a tendency in recent studies to indicate the male excess
of cases to be slightly less pronounced. It is possible that in the near future—
with autism know-how becoming more and more widespread in the educational
and medical communities—many more girls with ASD will be recognized and
diagnosed.

POSSIBLE REASONS FOR THE APPARENT INCREASE IN
PREVALENCE RATE OF AUTISM

A number of possible explanations exist for the apparent increase in the rate of
autism (spectrum disorders) in the community. The explanatory models are not
exclusive; each of the following factors is likely to have contributed to the change
in reported autism prevalence rates over the past 40 years.

Conceptual Change

Autism has been reconceptualized several times over the past 40 years. Once
believed to be a discrete disorder, perhaps even a well-delineated disease entity
(Kanner 1943; Rutter 1978), autistic disorder/childhood autism is now recognized
as only one of several behavioral presentations of a condition that belong in a
spectrum that also includes Asperger syndrome, atypical autism, and childhood
disintegrative disorder. Some authors (Gillberg & Coleman 2000) have even pro-
posed that autism might be better framed as a final common behavioral pathway
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Table 6-5 Prevalence studies for autism and other ASD (including Asperger
syndrome): age specific rates per 10,000 children (age ranges vary) 1989-2003

Rate of autism/

other ASD Criteria used for
(including autism/other
Year Asperger ASD/Asperger
Authors publ Area studied syndrome) syndrome
1 Gillberg* 1983  Géteborg, 69.0 Wing’s ASD triad
Sweden
2 Gillberg & Gillberg* 1989  Goéteborg, 26.0 (+43.0) Gillberg!
Sweden
3 Ehlers & Gillberg** 1993 Goteborg, 36.0 (+36.0) Gillberg!
Sweden
Fombonne et al. 2003  Great Britain 26.1 DSM-IV
5 Scott et al. 2002 Cambridge, 57.0 DSM-1V
England
6  Baker 2002  Australian Cap 5.0 DSM-IV
Territ
7 Webb et al. 2003 Cardiff, Wales 20.0 ICD-10

“Other ASD” includes subgroups of the autism spectrum other than “autism”. These differ among
the studies listed

* This study looked only at Asperger syndrome and other ASDs (in brackets) in a total population
study focusing on children with deficits in attention, motor control, and perception

** The rate in brackets is for children with marked social impairment but not the full picture of
Asperger syndrome; autistic disorder not included.

! Gillberg’s criteria for Asperger syndrome (Ehlers & Gillberg 1993)

of a whole host of different disorders and variations in brain development (“au-
tistic syndromes”) rather than as a “spectrum,” with its implication of cases being
readily referable to specific sections on a continuum ranging from mild to severe.

The fact that researchers and clinicians now view autism as a broader group
of conditions that will inevitably affect a larger group of individuals is probably
the major reason for the perceived increase in the rate of autism in the general
population.

This aspect is well illustrated by the Gillberg study (1983) in which the in-
vestigator reported that 0.7% of the general population of 7-year-olds suffered
from “psychotic behaviour” in the 1970s. With the conceptual change, the in-
dividuals diagnosed as having “psychotic behavior” would be diagnosed today as
having an ASD (including autistic disorder). At the time of the publication of
these data, Gillberg also reported that 0.02% of the general population of school
age children from the same geographical region as suffered from “infantile au-
tism” (Gillberg 1984). The two studies were published before the conceptual
change occurred; infantile autism was seen as a discrete entity that was (probably)
not on a spectrum with “psychotic behavior.”
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Change in Diagnostic Criteria over Time

It is clear that autism diagnostic criteria have changed considerably over the past
decades, and, in particular, over the past 25 years. The diagnostic criteria of the
DSM-III were very vague compared to the detailed criteria of the DSM-III-R.
Nevertheless, the DSM-III was more stringent in that it demanded the problems
be very severe for a diagnosis to be made. The DSM-III-R and DSM-1V criteria
are both strictly operationalized and circumscript in terms of the algorithms used
for diagnosis under the various pervasive developmental disorder categories. Ex-
perience has shown the DSM-IV (and the almost identical ICD-10) criteria to be
more inclusive than the DSM-III. Lorna Wing rediagnosed her cases in the orig-
inal Camberwell study using ICD-10 criteria rather than the Kanner-Lotter gestalt
that she had used in the original publication from the 1970s (Wing & Gould
1979; Gillberg & Wing 1999). This produced a 3-fold increase in the rate of
diagnosed autism.

On the basis of this and other findings and clinical experience, it is clear that
the change in diagnostic criteria over time has contributed substantially to the
higher rate of autism reported in more recent studies (table 6-6).

Better Autism Awareness in the Community

Although no formal studies of this aspect have been conducted, it is generally
agreed that knowledge about the existence of the syndrome of autism among lay
people and nonspecialist doctors and psychologists has increased dramatically in
recent years. This would lead to many more parents attending clinics with their
children enquiring specifically about the possibility that their child might be suf-
fering from an ASD, as well as doctors and other specialists being more alert to

Table 6-6 Age-specific rates per 10,000 by diagnostic criteria used: means and
ranges (includes only studies giving rates for autism separately from other ASD)

No of No of studies

studies of ~ Mean rate for of other
Criteria autism autism Range of rates ASD Range of rates
Kanner 6 3.9 0.7-5.0 - -
DSM-1I - - - 1 2.4
Rutter 3 7.0 1.9-16.0 1 2.6
DSM-1IT 9 7.0 1.2-15.5 5 1.9-5.2
DSM-III-R 3 8.6 7.2-10.1 1 3.2
DSM-1V/ICD-10 14 21.0 3.8-60.0 10 1.4-58.0
Triad * - - 2 14.3-15.7
Gillberg ** - - 1 60.0

* Triad of impairments (Wing & Gould 1979). The rates are for children with IQ <70.
** Gillberg’s criteria for Asperger syndrome—first version (Ehlers and Gillberg, 1993). The rate is
for children of all levels of IQ.
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the possibility that the child might actually suffer from one of the conditions in
the spectrum.

The Development of Autism Diagnostic Services

Virtually no diagnostic centers with specific autism competency could be found
in the western world (or elsewhere) 40 years ago. Nowadays, autism diagnostic
services are available in many countries. Also, legislation and federal/national
guidelines for diagnosing and intervening in autism are available in many western
countries, including the United States and Canada, the UK, and some of the
Scandinavian countries. The availability of diagnostic services has contributed
greatly to the increase in autism prevalence, at least to that portion contributed
by cases filed on a register (Gillberg et al. 2004).

Increase in Environmental Risk Factors Possibly Contributing to
Autism Pathogenesis

Some environmental risk factors, such as maternal use of valproic acid or abuse-
level quantities of alcohol in pregnancy and extreme prematurity, have all been
associated with an increased risk of autism in children (Gillberg & Coleman
2000). Given that these risk factors have become more prevalent in recent years,
it would be expected that they would contribute toward a somewhat (in some
populations considerably) higher rate of autism in the general population.

Decrease in Environmental Risk Factors Possibly Contributing to
Autism Pathogenesis

A number of environmental biological risk factors associated with the develop-
ment of autism in children have been drastically reduced or eliminated in many
populations over the past 40 years. These include thalidomide embryopathy and
congenital rubella infection. The disappearance of such risk factors in the general
population would have decreased the number of new autism cases to some extent.

Possible Links of Autism with Immigrant Status of One
or Both Parents

It has been reported for many years that autism is statistically associated with
migrant status of one or both parents in some populations (Gillberg et al. 1987).
This was first noted by Lotter (1978) in his study of the prevalence of autism in
Africa. He—and indeed others—noted that the link was particularly strong if
parents had migrated over long distances. Many possible explanations have been
forwarded to account for this statistical link, but it now seems that one of the
most likely reasons is intimately linked with genetic rather than environmental
factors. Men or women with ASDs (carrying a much increased risk of having
offspring affected by ASDs) might not be able to find a partner to have a child
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with in his or her own culture, where others are likely to perceive of him or her
as strange or even disabled. With increased globalization, such men and women
are more likely to travel to distant regions of the globe, where the likelihood of
finding a partner may be much greater, because a potential partner may ascribe
his or her social oddities and communication problems to him or her coming
from a different culture rather than to any kind of major oddity or disability.
Other possible factors that could account for a link between autism and parent
migrant status are (1) the fetus being subjected to viral infections to which moth-
ers arriving in a new country would not be immune (i.e., rubella embryopathy),
(2) dietary incompatibilities, (3) whole extended families with genetic autism
emigrating from their native country, (4) language confusion during the first
years of development in children genetically predisposed to problems in the
social-communication domain, and (5) combinations of any or all of these.

Possible Links with Specific Genetic-Social Changes

Simon Baron-Cohen has suggested that recent reports of increased rates of autism
in the general population may actually mirror real increases associated with a
particular genetic-social mechanism. In the past, people with ASDs could have
been prevented from becoming parents by way of their social oddities, commu-
nication problems, and, often, academic failure. With the advent of computers,
many people in the autism spectrum found an outlet for their particular kind of
intelligence/cognitive style. Many, who in the past could not make a living on
their own, found jobs and a new social standing among age peers. This would
have strongly increased their likelihood of finding a partner and becoming a
parent, which, in turn, because of genetic factors, would often result in the oft-
spring having ASDs (Baron-Cohen 2004). Evidence suggests that many adults
with ASDs are computer engineers or self-made experts in the field of computers
(Baron-Cohen et al. 2001; Cederlund & Gillberg 2004).

THE RATE OF AUTISM AS IT RELATES TO
NEUROLOGICAL PROBLEMS

Several recent studies have suggested that, even with the much higher prevalence
reported in recent autism studies, many cases in the spectrum may still actually
be missed. This would be most likely to affect those people with ASDs who have
another neurological or diagnosed medical condition such as epilepsy, cerebral
palsy, tuberous sclerosis, etc. In their study of autism in patients with epilepsy
and mental retardation, Steffenburg et al. (1996) showed that even in a geograph-
ical region where both autism and epilepsy had been screened for meticulously
over a period of decades, autism in patients with epilepsy very often remains
undiagnosed. The same applies to cerebral palsy ataxia (Ahsgren & Gillberg 2005)
and tuberous sclerosis (Ahlsén et al. 1994). In such cases, where a neurological
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condition had already been diagnosed, the physician in charge of the care of the
individual patient often felt that a “proper” diagnosis (epilepsy, cerebral palsy,
tuberous sclerosis) had already been made that there was no need to look spe-
cifically for further problems, or that the obvious (and usually extremely hand-
icapping) autistic problems would somehow be subsumed under the neurological
diagnosis and were just another sign of brain dysfunction in the affected indi-
vidual. Thus, rather than finding a higher rate of autism associated with medical
disorders in specialized autism clinics, one would expect to find a particularly
low rate of such disorders in child psychiatry or tertiary referral autism diagnostic
centers (Gillberg & Coleman 1996).

Epilepsy
Several studies have now demonstrated that the rate of ASDs in individuals with
epilepsy is much higher than in the general population. This is particularly the
case if mental retardation coexists with the epileptic disorder (Steffenburg et al.
1996, 2003). However, the rate of ASDs including Asperger syndrome is probably
much higher than in the general population even when there is no associated
mental retardation, as evidenced by the very common occurrence of Asperger
syndrome in individuals of normal or near normal intelligence undergoing eval-
uation for epilepsy surgery (Taylor et al. 2000).

Conversely, the rate of epilepsy in autism and other ASDs is extremely high.
In “classic” autistic disorder, the rate is approximately 20% by early childhood
(Volkmar & Nelson 1990; Olsson et al. 1988), 25-35% by late adolescence (Rutter
1970; Gillberg 1984) and almost 40% by approximately 30 years of age (Dan-
ielsson et al., unpublished data, 2004). In Asperger syndrome, the rate of epilepsy
is much lower, but even in classic cases of this condition in which the patients’
IQs are in the normal or above-average range, the rate is several times higher
than in the general population, ranging from approximately 3% to 10% (Ced-
erlund & Gillberg 2004).

The types of epilepsy most commonly encountered in autism are infantile
spasms and complex partial epilepsies of various kinds (Steffenburg et al. 2003;
Danielsson et al., unpublished data, 2004).

Cerebral Palsy

Very few studies that have looked specifically at the rate of ASDs in cerebral palsy
have been published. One recent study of cerebral palsy ataxia found an extremely
high rate of autistic disorder and atypical autism in children with this variant of
cerebral palsy and found that approximately 1 in 4 of children with ataxia meeting
criteria for typical or atypical autism (Ahsgren & Gillberg 2005). It is interesting
to note that although the study was primarily designed to determine the contri-
bution of cerebellar dysfunction to the development of symptoms of autism, only
a weak such link was found.



6. The Epidemiology of Autism 131

Very few studies have included any detail on the occurrence of cerebral palsy
in autism. One study of Asperger syndrome in 23 individuals (including as con-
trols 23 high-functioning subjects with autism) found 1 individual with cerebral
palsy (hemiplegia) and coloboma of 1 of the eyes (Gillberg et al. 1991).

Tuberous Sclerosis and Other Medical Disorders Sometimes
Associated with Autism and Other ASDs

The rate of autism and atypical autism in tuberous sclerosis is extremely high,
ranging from approximately 1 in 4 to approximately 1 in 2 individuals showing
symptoms of the neurological disorder before 5 years of age (Hunt & Dennis
1987; Ahlsén et al. 1994). Conversely, approximately 1 in 20 individuals with
classic autism exhibit the syndrome of tuberous sclerosis. (But often such indi-
viduals must be examined in detail in order for the diagnosis to be revealed.)

The reasons for the link between autism and tuberous sclerosis are likely to
be complex; both genetic and specific brain dysfunction localization factors prob-
ably play a major role. First, there are at least 2 genetic variants of tuberous
sclerosis, one on chromosome 9 and another on chromosome 16. An autism
genetic susceptibility area has been identified in the same region on chromosome
16. This autism-gene region of interest overlaps with a region that has also been
established as an important area for genes relevant for ADHD. The fact that when
children with tuberous sclerosis have major behaviour problems, they usually
involve both ASD and ADHD is of special interest in this context. Second, it has
been shown repeatedly that when tubers are located in the frontotemporal regions
of the brain and when they are numerous, the risk that the child with tuberous
sclerosis will suffer from ASD is very much increased.

The link between herpes encephalitis and autism is probably mediated through
frontotemporal brain damage (Gillberg & Coleman 2000). Brainstem damage is
implied by the linking of thalidomide embryopathy, Mébius, and CHARGE syn-
dromes with ASD. In the case of thalidomide embryopathy, the timing of the
insult to the developing nervous system (around day 21 postconception) can be
inferred from the nature of the limb and eye anomalies typical of those with
thalidomide intrauterine exposure who develop autism (Stromland et al. 1994).

CONCLUSION

Autistic disorder is not extremely rare, occurring in approximately 0.2% of the
general population of children. Spectrum disorders, including Asperger syn-
drome, are probably considerably more common that “classic” autism. The link
between ASD and male gender remains strong in recent prevalence studies, but
it is likely that females are currently underdiagnosed. The link between autism
and various other types of brain disorders and brain damaging factors is strong,
although the pattern is different and more complex once the whole spectrum of
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clinical presentations of autism is taken into account. The pathogenesis of ASD
will not be fully understood unless the much higher prevalence of these condi-
tions is recognized and factored into all models of etiology.
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Chapter 7

Disease Entities with a Temporary Autistic Phase:
The Autistic Features of Rett Syndrome

Yoshiko Nomura

Autism can be defined as a syndrome, with specific symptom complexes involving
mainly psychobehavioral and mental deviations that have heterogeneous etiolo-
gies (Gillberg & Coleman 2000a; Rapin 2002). Thus, autistic spectrum disorders
can be differentiated based on their biological etiologies. Although the most com-
monly observed category is autistic disorder (sometimes referred to as early in-
fantile autism, childhood autism, or Kanner’s autism) (DSM-IV 1994), autistic
symptoms are observed in other disorders, which include Rett syndrome (RTT),
fragile X syndrome, Angelman’s syndrome, tuberous sclerosis, other genetic and
certain acquired conditions (Rett 1977; Hagberg et al. 1983; Nomura et al. 1984;
Zappella 1985; Olsson 1987; Tranebjaerg & Kure 1991; Tuchman et al. 1991;
Nordin & Gillberg 1996a,b; Mazzocco et al. 1998; Gillberg & Coleman 2000b,c¢;
Veiga & Toralles 2002; Mount et al. 2003a,b).

The essential features of autistic disorder are characterized by markedly ab-
normal or impaired development in social interaction and communication, and
a markedly restricted repertoire of activity and interests, that emerge during in-
fancy or early childhood (DSM-IV). The autistic features seen in the disorders
mentioned above sometimes do not meet the full diagnostic criteria for autism
but manifest them only transiently in the course of the disorder, as seen in RTT,
or they may only meet part of the criteria, as observed in most patients with
fragile X syndrome. In this chapter, the autistic symptoms observed in RTT are
delineated, and the pathophysiology of such symptoms is discussed in reference
to Kanner’s autism.

The autistic behaviors of RTT are consistent in most patients but manifested
transiently during the early stage of its clinical course. Furthermore, some features
seen in RTT seem to differ from Kanner’s autism in their character and the
clinical course. This suggests that, despite the phenotypical similarities, the under-
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lying pathophysiological mechanisms or the neuronal networks responsible for
the each characteristic symptom are different between RTT and Kanner’s autism.

RETT SYNDROME (RTT)

In 1966, Andreas Rett first described RTT (Rett 1966a,b; 1969), which caused
great interest because of the syndrome’s unique clinical features and pathophys-
iology. The characteristic symptoms and signs of RTT occur in an age-dependent
manner and consist of autistic tendency, hypotonia of antigravity muscles, de-
layed or abnormal locomotion in infancy followed by stereotyped hand
movements with loss of the purposeful hand use, dystonic increase of the muscle
tone, scoliosis, mental retardation, abnormal respiratory pattern, and epilepsy

Figure 7.1 Wringing of the hands seen in Rett syndrome is a stereotypy. This 3-
year-old girl has an R168X mutation of the MECP2 gene.
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from early to later childhood (Rett 1977; Hagberg 1980; Hagberg et al. 1983;
Nomura et al. 1984). Each of these symptoms changes along the course of the
syndrome; for example, the pattern of hand stereotypy goes from simple to com-
plex and then to simple and slow again as the patients grew older (Nomura et
al. 1984; Nomura & Segawa 1990a). Based on these clinical characteristics, some
diagnostic criteria have been proposed (Hagberg et al. 1985; The Rett Syndrome
Diagnostic Criteria Work Group 1988; DSM-1V; ICD-10).

As for the onset of the symptoms of RTT, in the diagnostic criteria shown in
1985 by Hagberg et al., it was stressed that the child is normal for the first 6 to
18 months, and in those of DSM-IV, the child is normal for the first 5 months.
However, we have noted that the autistic symptoms and hypotonia of the postural
muscles are present even from early infancy, and that RTT is a neurodevelop-
mental disorder with its onset very early in infancy (Nomura et al. 1984; Nomura
& Segawa 1990b; Nomura & Segawa 2001).

We also have suggested that the autistic symptoms and hypotonia of the pos-
tural muscles might be pathognomonic symptoms of RTT, indicating the involve-
ment of the monoaminergic neurons of the brainstem and the midbrain (Nomura
et al. 1984, 1985; Nomura & Segawa 2001). The monoaminergic neurons of the
brainstem and the midbrain, with the axons projecting to the various levels of
the higher neuronal system that are hierarchically arranged, play important roles
in functional maturation of the higher neuronal system by modulating the syn-
aptogenesis in an age-dependent manner (Morrison et al. 1984; Segawa 2001c)
and are also considered candidate neurons for the pathogenesis of autism (Segawa
1982, 1998). It is postulated that the age-dependent occurrence of the particular
symptoms observed in both RTT and Kanner’s autism is based on early dys-
function of these neurons. The discovery of the causative gene for RTT, methyl-
CpG-binding protein 2 (MECP2) (Amir et al. 1999), presents a further basis for
exploring the pathophysiology of this disorder (Wan et al. 1999).

AUTISTIC FEATURES OF RTT

In his initial report, Andreas Rett called the disorder “cerebral atrophy associated
with hyperammonaemia,” and mentioned “hypomimia or amimia (lack of facial
expression) and alalia (lack of speech)” as main symptoms, in addition to “hy-
perammonaemia, stereotyped movement patterns in arms and hands, enhanced
reflex activity, spastic increase in tone, gait apraxia, tendency to cerebral convul-
sive attacks, high grade of mental retardation, gynaecotropy (only females), and
progression of the disease” (Rett 1977). He also described the modulation of the
autistic symptoms with age as follows.

Smiling initially developed in a fairly normal manner, although it was impossible
to relate this to environmental events. After third year, however, there was only
sporadic smiling, usually very short lived and apparently unmotivated. Even during
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the initial stage of disease when these children were able to respond to affective
stimuli with appropriate mimicry, this capacity was gradually lost as the disease
progressed. Thus facial expression is diminished and in the later stages lost entirely.
In some older children, a mask-like face is present. (Rett 1977, 309, 311)

Although Rett did not use the term “autism” in his earlier essay, the features
“hypomimia or amimia, and alalia,” which describe the lack of the responsiveness
to environments, and the lack of development of speech indicate the autistic
feature as part of the main symptoms in RTT.

In 1978, independently from Andreas Rett, Ishikawa et al. described 3 inter-
esting cases as “A new syndrome (?) of progressive psychomotor deterioration
with peculiar stereotyped movement and autistic tendency: a report of three
cases” in a short abstract form (Ishikawa et al. 1978). These cases are thought to
be RTT cases.

Hagberg et al. (1983) reported 35 cases with the title of “A progressive syn-
drome of autism, dementia, ataxia, and loss of purposeful hand use in girls: Rett’s
syndrome.” It was mentioned that the stagnation of developmental acquisitions
occurred after normal development during the first 7 to 18 months, and a rapid
deterioration of behavior and mental status followed, resulting in marked de-
mentia to profound imbecility associated with severe autistic behavior within less
than 18 months. The syndrome was further described as follows.

The patients showed no sustained interest in persons or objects, although they were
able to see and to visually follow them. Their responses to environmental stimuli
were stereotypic, and interpersonal contact was either absent or very limited. All
patients manifested great anxiety and apparent fear when confronted with an un-
familiar situation, or even without evident stimulation. (Hagberg et al. 1983, 473)

It was also pointed out that “spontaneous motor activity was stereotypic and
monotonous,” and that “in many patients, teeth grinding, facial grimacing, and
other stereotypic motions were observed” (475). It was further mentioned that
“There was no parallel between the severity of the motor disability and the degree
of dementia and autism. Autistic traits in fact became less prominent in most of
the patients followed to at least the age of 15 years than they had been during
the initial phase of the disorder.”

Olsson and Rett (1990) pointed out that the diagnosis of autism in RTT was
thought to arise from the features of total aloofness, almost complete gaze and
hearing avoidance, and a lack of means to communicate.

Thus, the autistic feature is considered to be one of the cardinal symptoms
of RTT that appeared from very beginning of the description of this disorder.

As for the timing of the onset of autistic behaviors in RTT, it had been stressed
that onset is rather acute and occurs in midinfancy to early childhood after
seemingly normal development (Rett 1977; Hagberg et al. 1983). However, au-
tistic behavior appears insidiously from early in infancy, with a delay in the
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development of sleep-wake (S-W) rhythm and an abnormality of postural muscle
tone being the earliest signs of RTT (Nomura et al. 1984; Nomura & Segawa
1990b).

We conducted careful evaluation of the early behavioral characteristics of RTT
by using the battery of the behavioral checklists that have been used widely in
Japan to check the autistic behaviors in infancy and early childhood (table 7-1).
Our results revealed the following (Nomura & Segawa 1990b): All the autistic
behavioral abnormalities, with the exception of two behaviors, seen before 1 year
of age were observed in more than half of the cases. “Lack of following” was
present in the highest frequency, in over 80% of RTT children. The characteristic
symptoms of “pervasive lack of social association,” such as “aloneness or indif-
ference,” “expressionless face,” and “lack of anticipatory motor adjustment” were
present in approximately two thirds of the cases. The two less frequently observed
behaviors were “hyposensitivity to sound” and “lack of stranger anxiety,” which
were seen in only a third of the cases. The autistic behaviors seen in after 1 year

»

Table 7-1 Checklists of Autistic Behavior

Abnormal behavior before 1 year old

Lack of social smiling
Hypersensitivity to sound
Hyposensitivity to sound
Lack of babbling

Lack of stranger anxiety
Aloneness or indifference
Lack of following

No response to calling
Expressionless face

No response to peek-a-boo
Lack of anticipatory motor adjustment
Lack of eye-to-eye contact

Abnormal behavior after 1 year old

Never uses finger pointing

Speech delay

Loss of verbal expression

Difficulty copying movements made by other people
Autostimulation behavior

Extreme withdrawal

Dislikes any intervention while playing

No symbolic play

Insistence on sameness

Hyperactivity

Sudden laughing and crying without any apparent reason
Irregular and disturbed nocturnal sleep
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of age also were observed in various frequencies in the cases with RTT; “speech
delay” and “no symbolic play” were observed in 100% of the cases, “never uses
finger pointing” and “difficulty in copying movements made by other people” in
90%, “loss of verbal expression,” “autostimulation,” and “sudden laughing and
crying without any apparent reason” in approximately two thirds of the cases,
“extreme withdrawal” and “insistence on sameness” in 50%, and “hyperactivity”
and “irregular and disturbed nocturnal sleep” in less than 50%. Thus, our study
showed that the autistic features are the initial symptoms to be present from early
infancy in RTT, which may be very subtle and often unnoticed (Nomura et al.
1984; Nomura & Segawa 1990 a,b). The earliest autistic features consist of “being
very quiet, sleeping longer, and responding less to environmental stimulation,”
and because of these features, the infant appears to be “a good baby” instead of
having any suspected underlying disorder.

Gillberg studied the early signs of RTT by using a questionnaire originally
developed to evaluate early symptoms in infantile autism. Considerable overlap
between early symptoms in RTT and infantile autism was seen, although clear
differentiating features already were present in the first few years of life (Gillberg
1987).

It has been mentioned that in spite of the severe social withdrawal, active
bodily turning away does not seem to be present in RTT (Olsson & Rett 1985).

The autistic features appearing in early childhood, particularly in the regressive
stage of RTT, are marked. They are almost pervasive and complete before 2 years
of age (Zappella 1985; Gillberg 1986).

Hagberg and Witt-Engerstrom classified the clinical course of RTT into stag-
ings 1 to 4, and pointed out that the autistic features appear in stage 1, at /2—
1Y> years of age, as “changes in communication, eye contact, unspecified person-
ality deviation and diminishing play interest,” in stage 2, at 1-4 years of age, as
“severe dementia” overcoming the autistic features, and in stage 3, during the
preschool-early school years, as “not a major problem.” Thus, the autistic symp-
toms appear during stage 1 and are followed by severe dementia and become less
noticeable in stage 2; emotional contact improving in stage 3 (Hagberg & Witt-
Engerstrom 1986).

Hence, the appearance of autistic features in early stage of RTT and its mod-
ulation with age have been pointed out by various authors, who also noted that,
in RTT, the autistic traits are later accompanied by a high degree of developmental
retardation (Rett 1977; Hagberg et al. 1983; Nomura et al. 1984; Olsson & Rett
1985; Gillberg 1986; Witt-Engerstrom & Gillberg 1987; Witt-Engerstrom 1992).

CHARACTERISTICS OF AUTISTIC FEATURES OF RTT IN
CONTRAST TO KANNER’S AUTISM

According to the DSM-1V, pervasive developmental disorders (PPD) are char-
acterized by pervasive impairment in several areas of development, which include
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reciprocal social interaction skills, communication skills, and the presence of ster-
eotyped behavior, interests, and activities.

These three characteristics are seen in RTT. However, associated behavioral
symptoms, such as hyperactivity, aggressiveness, or self-injurious behaviors are
seen in only a few patients with RTT. Peculiar responses to sensory stimuli, such
as high threshold to pain stimulation, are seen with some girls with RTT. Based
on the clinical characteristics, it has been suggested that RTT represents a qual-
itative subtype of autism (Olsson & Rett 1985, 1987, 1990; Gillberg 1986, 1987,
1989).

In early childhood, particularly above the age of 1 year, children with RTT
are often diagnosed as autistic owing to stereotyped movements, poor interaction
with their social environments, and smiling or laughing without apparent reasons;
sometimes it is not possible to differentiate RTT from other autistic syndromes.
Very often the initial diagnosis of infantile autism/childhood psychosis before 2
years of age turns out to be RTT (Witt-Engerstrom & Gillberg 1987). In partic-
ular, the deterioration of a number of RTT patients was erroneously diagnosed
as autism (Buccino & Weddell 1989).

However, there are differences between the behavior manifested by RTT and
infantile autism patients; in RTT, a profound regression of motor, as well as verbal
skills, occurs with the passage of years, whereas infantile autism does not result
in motor impairment (Olsson & Rett 1987). The differential diagnosis must be
based on the evaluation of both motor and behavioral skills.

Percy et al. (1988, 1990) have reported qualitative and quantitative differences
in the autistic features of RTT and infantile autism. RTT appears to fulfill the
Rendle-Short criteria for the diagnosis of autism, but the pattern of the behavior
is qualitatively different from that exhibited by children with autism; that is, RTT
patients exhibit ataxia, breath-holding, hyperventilation, bruxism, simplicity of
stereotypies, and hand apposition, while children with autism demonstrate com-
plex stereotypies and verbal but not motor regression. The more typical features
of autism, namely, poor eye-to-eye contact, lack of sustained interest, speech
disturbance, and repetitive truncal rocking motions were poor discriminators
between the two groups. Percy et al. (1988) also stressed the necessity of analysis
of the motor-behavioral features to reach to the correct diagnosis.

Mazzocco et al. (1998) attempted to delineate clinical similarities and differ-
ences between RTT and Kanner’s autism based on the criteria of DSM-III-R.
They noted that RTT patients fulfilled the criteria of the onset before the end of
second year of life—disturbance of social interaction with poor environmental
contact, no language and senseless sounds—but that they did not show discom-
fort in response to changes in daily schedules or environment, which are dramatic
in Kanner’s autism. They, too, mentioned a difference in motor symptoms, that
is, the stereotypy with loss of purposeful hand use is particular for RTT. The
authors also thought that in spite of their inability to interact with the environ-
ment, RTT patients try to communicate.
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Full-blown symptoms appear at 2-3 years of age in Kanner’s autism, but in
RTT, other neurological symptoms and profound dementia become obvious after
2 years of age. When compared to Kanner’s autism and organic brain damage
that occurs in infancy, RTT is characterized by definite signs of dementia with
almost overall developmental retardation that is more profound than in any other
autistic syndrome, and RTT patients do not show several attributes regularly
found in autistic children (Olsson & Rett 1985).

As to the outcome of the autistic features of RTT, it is said that either they
improve or are masked by the following profound dementia. The possibility of
later improvement of autistic features in RTT has been discussed as the point of
differentiation from Kanner’s autism, but Gillberg et al. (1990a) pointed out that
they were not inclined to agree with that, because the autistic behavior also
improves in Kanner’s autism. Gillberg (1989) described 4 girls and 1 boy with
PDD who met the DSM-III-R criteria for autistic disorder and also all showed
the essential symptoms of RTT and stated that the symptomatic similarities might
come from common pathophysiological abnormalities at the brainstem level.

Gillberg et al. (1990b) also reported an interesting family with 1 individual
with RTT and 2 with autism. The affected family members were females and
second cousins, and, in those three, RTT, autism with mild ataxia and autism
with profound mental retardation occurred separately. The authors suggested that
considerable overlap between the two disorders occurs, that a possible patho-
physiological association between autism and RTT exits, and that these diseases
may be closely related genetic disorders or may constitute relatively homogeneous
phenotypes with several possible etiologies.

Thus, the autistic feature and its age-dependent modification seem to be dis-
tinctive between RTT and autism and may reflect the differences in the involved
aminergic neurons, a subject that is discussed later in this chapter in the section
entitled “Pathophysiological considerations of the autistic feature in RTT.” Dif-
ferences also appear in neurological findings, sleep parameters, and also in neu-
ropathological findings.

NEUROLOGICAL FINDINGS IN THE EARLY
STAGE OF RTT

The neurological characteristics of RTT in early infancy reveal hypotonia of the
postural or antigravity muscles and abnormality in locomotion as in autism.
However, in RTT these characteristics are more severe and present as a delay in
rolling over in more than half of patients and abnormalities in crawling in almost
all patients. The abnormality of the crawling consisted of either never having
crawled, delayed in attaining crawling, or an abnormal pattern with total flexure
posture (Nomura et al. 1984, 1987; Nomura & Segawa 1990a; Segawa 2001a).
There is a discrepancy in locomotion in RTT, that is, though they can not crawl,
RTT patients can walk. The gait, however, is abnormal, with wide-based posture,
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rocking of the trunk from side to side, and no coordinated movement of the
upper extremities. This gait disturbance is an abnormality in locomotion but not
gait apraxia. The rocking of the trunk is not a sign of ataxia, because without
this children can not advance the gait forward. RTT patients, as well as patients
with autism, can walk better on their toes (Segawa 2001a). This implicates that
the abnormal locomotion of RTT is due to abnormal hypofunctioning of the
brainstem aminergic neurons, which control the locomotion center in spinal cord
level by sending descending projections (Miller & van der Burg 1973). These
neurons are affected in both disease entities, but more severely in RTT.

The different age-dependent appearance of characteristic neurological symp-
toms and signs in RTT compared to autism suggests a difference in the involve-
ment of aminergic neurons in these disorders.

EVALUATION OF SLEEP PARAMETERS AND SLEEP-WAKE
(S-W) RHYTHM IN RTT

The S-W rhythm in RTT is abnormal, as is also seen in autism. However, in
contrast to autism, children with RTT have a delay in decrement of the daytime
sleep from late infancy to childhood, and they attain circadian S-W rhythm in
infancy, although it is delayed.

Polysomnography (PSG) has revealed normal development of the parameters
of REM sleep stage (SREM) that mature before the 36th week of gestation, but
abnormal or failed development of the sleep parameters that occur during the
critical period of development, from 4 months to 6 months. These abnormalities
are the leakage of atonia of SREM into nonREM (NREM) sleep and the cooc-
currence of twitch movements (TMs) of the mentalis muscle and rapid eye move-
ments (Kohyama et al. 2001; Segawa et al. 1987). The former implicates abnor-
malities of the serotonergic (SHT) neurons modulating the antigravity muscles,
and the latter of the noradrenergic (NA) neurons (Segawa et al. 1987).

In RTT, the numbers of TMs of the mentalis muscle, which are modulated by
nigrostriatal dopaminergic (DA) system, decrease before 6 years of age and increase
above 6 years of age (Nomura & Segawa 1986). These features and age variations
are similar to those observed in autism. However, in RTT, these modulations of DA
activities appear to be more marked and are correlated to the clinical symptoms,
that is, increase in muscle tone and development of the characteristic stereotyped
movement following loss of purposeful hand use (Segawa 2001a).

DIFFERENCES BETWEEN THE MORPHOLOGY OF THE
BRAINS OF RTT AND AUTISTIC PATIENTS

The so-called acquired microcephalus in RTT represents the stagnation of the
cranial circumference starting in late infancy. This pattern of the head growth
reflects some devastating changes that take place in the brain development of
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RTT at this period. This is in contrast to the cranial size of autistic patients,
which is said to be large, particularly in children younger than 12 years of age
(Bailey et al. 1993; Piven et al. 1996, 1997; Courchesne et al. 2003).

Neuropathological findings of RTT are also informative. The brain weight is
not greater than that of normal 1-year-old children. There are no findings sug-
gesting malformation or neuronal degeneration. Decreased amounts of the mel-
anin pigments in substantia nigra seem to be the consistent findings (Jellinger &
Seitelberger 1986; Jellinger et al. 1988; Armstrong 1992). Neither consistent cell
loss or atrophy, nor apparent abnormality in myelin, are found. Reduced size of
the individual neurons has been demonstrated, with increased cell-packing den-
sity throughout the cortical and subcortical regions and particularly in the medial
temporal lobe and hippocampus, most prominently in CA4 and CA3 (Kemper
& Bauman 1998). Furthermore, the findings seem to correlate with the clinical
severities. It also has been shown that, in the cerebellum, Purkinje cells are re-
duced in the number, but the cerebellar vermis and deep cerebellar nuclei are
normal. The changes in the inferior olivery nucleus were not consistent among
the cases; no retrograde cell loss was identified but folds were simplified. The
lack of glial hyperplasia and absence of retrograde cell loss in olivery nucleus,
which are characteristic of postnatal insult, suggest lesions are acquired early in
the development (Bauman et al. 1995; Bauman 1996).

Armstrong (Armstrong 1992, 2001; Armstrong et al. 1995, 1998) showed re-
duced arborization of basal dendrites of the pyramidal neurons of the layer 3
and 5 in the frontal, motor, and inferior temporal regions of the cerebral cortex,
and of layer 4 of the subiculum. The arborization of apical dendrites of layer 5
of the motor cortex was also reduced, while those of the hippocampal and the
occipital regions rather were spared. These reductions of dendritic branching
suggested reduced synaptic input. This was confirmed by Belichenko and Dahls-
trom (1995) using confocal laser scanning microscopy. Belichenco et al. (1996,
1997) showed decreased synapses in the speech area 4, 45, 22, 40 by the decrease
of synaptophysin staining.

Abnormalities of other specific proteins and neurotransmitters have been stud-
ied to elucidate the pathogenic mechanism of RTT. The substantia nigra of RTT
showed a decrease in tyrosine hydroxylase (TH) activities without glial cell infil-
tration (Itoh & Takashima 2002), which is similar to the abnormalities observed
in the neuron after cytotoxic lesion of the pedunculopontine nuclei (PPN) (Ko-
jima et al. 1997). Besides these, abnormalities of the NMDA receptors in the basal
ganglia and the cortex that show alteration with age have been identified (John-
ston et al. 2001).

These neuropathological findings in RTT reflect a maturational curtailment
rather than a degenerative process (Bauman et al. 1995). Furthermore, they reveal
that the brain of RTT is not one of simple developmental arrest, but rather one
that undergoes selective and specific changes in particular regions during critical
periods of maturation (Armstrong 2001).
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In regard to the neuropathological findings of Kanner’s autism, relatively few
studies have been performed and the results have been inconsistent. In contrast
to RTT, Kemper and Bauman (1998) showed that, in autism, selective and severe
abnormalities in the forebrain were confined to the limbic system, hippocampal
field CA1-4, subiculum, entorhinal cortex, mammillary body, several nuclei of
the amygdala, and septal nucleus; these abnormalities included reduced size of
the individual neuron with increased packing density. In the CA1 and CA4 area
of hippocampus and the entorhinal cortex, neurons were small with decreased
dendritic branches (Raymond et al. 1996).

In autism, the cerebellum is characterized by fewer Purkinje cells than are
present in the cerebellum of control subjects. The deep cerebellar nuclei, which
have no neuronal connection to the affected Purkinje cells, appeared hypertrophic
in childhood and then became atrophic by adulthood. Kemper and Bauman
(1998) commented that the neuropathological changes of autism originate in the
prenatal period, with the process continuing into adult life.

Bauman (1996) reviewed the neuropathology of autism and RTT, and reported
a distinct RTT pathology compared to autism. However, the reduced size of the
neurons and increased cell-packing, particularly in the medial temporal lobe,
cerebellar, and olive, were present both in RTT and Kanner’s autism, and the
marked reduction in Purkinje cell number seen in the posterior inferior region
of the cerebellar hemisphere was observed in RTT, as well as in autism. Bauman
et al. (1995) suggested that the presence in RTT of neuronal abnormalities that
are similar to those that occur in autism might explain the early appearance of
autism-like features in RTT.

PATHOPHYSIOLOGICAL CONSIDERATIONS OF AUTISTIC
FEATURES IN RTT

The autistic features of RTT are present from early in infancy and are character-
ized by poor response to environmental stimulation. In early childhood, these
behavioral characteristics become associated with lack of communication and
stereotyped movements. Here, stereotyped movement means rocking the body
back and forth, not the hand movement characterized in RTT (Nomura et al.
1984; Nomura & Segawa 1990a; Segawa 2001a). However, with age, severe mental
retardation and motor symptoms, the pathognomonic pattern of the stereotypy
and underlying dystonic posture, come to the foreground, and autistic behaviors
become unremarkable in RTT (Nomura et al. 1984; Nomura & Segawa 1990a;
Segawa 2001a).

Neurological findings suggest similarities and differences between the respon-
sible neurons and their neuronal systems in RTT and autism. In both RTT and
autism, characteristic neurological abnormalities and symptoms appear in infancy
and early childhood. These neurological findings suggest lesions in the brainstem
and midbrain. However, the difficulties in closing eyes or mouth on command
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(orofacial apraxia), and in pronation/supination movement of the arm (limbki-
netic apraxia), seen in autism imply the abnormalities in development of func-
tional specialization of the cortex are not observed in RTT. The speech distur-
bance in autism that is echolalia and pronominal reversals, and the delay in
determination of hand dominancy that suggests a delay in the hemispheric la-
teralization, are characteristic features of autism; these are not observed in RTT
patients. This suggests the profound involvement of the cortex in RTT.

The circadian S-W rhythm develops by 4 months of age, and atonia of the
mental muscle also begins to appear only in REM sleep (sREM) at approximately
this month of age. From 4 months of age, arrangement of day sleeping starts and
it appears once each in the morning and the afternoon at approximately the 7th
month and once in the afternoon at approximately one and half years of age.
The time spent sleeping during the day gradually decreases with age. This is
controlled by the brainstem aminergic neurons, particularly the serotonergic
(5HT) neurons specific for each sleep parameter (Segawa 1980, 2003).

Thus, the abnormality in the development of the circadian S-W rhythm and
the presence of the atonic NREM in autism suggests hypofunction of 5HT neu-
rons, which mature by 4 months of age, and abnormalities of the day sleeping
organization and atonic NREM in RTT indicate a disturbance of neurons that
mature at approximately 4 months of age and later. Experiments on rodents
reveal that disturbance of the development of the circadian S-W rhythm, as well
as early lesion in the 5HT neurons cause failure in social relationship, adaptation
of the novel environment, and cognitive function after maturation.

In autism, improvement of the abnormal S-W cycle helps induce determi-
nation of hand dominancy and, if it occurs in early childhood, improves language
development. This suggests that human development of the circadian S-W in
early infancy has importance for development of the functional lateralization of
the cortex.

Another experiment using rodents showed that early lesion of noradrenergic
(NA) neurons causes failure in head growth (Brenner et al. 1983). It is interesting
that the NA neurons have no axonal projection to the occipital lobe. This may
simulate the stagnation of the head growth in RTT, in which disturbance of the
dendritic formation is mild or spared in the occipital cortex (Armstrong 2001).
Enhanced rote memory is due to the lesion of the dorsal bundle of the locus
coeruleus to the forebrain, that is, loss of the dorsal bundle extinction effect
(Tanaka et al. 1987). This might be related to the insistence on sameness and be
part of the difficulty in adjusting to novel environments. These features are ob-
served in autism but not in RTT. This suggests a difference of the involved NA
neurons in these disorders.

The neuronal system controlling atonia in sREM is also the system inhibiting
posture (Mori et al. 1992) and is enhanced by carbachol and inhibited by 5HT
or NA. Neurons of the 5SHT and NA types enhance the postural control and help
make locomotion possible. Atonic NREM implies hypofunctioning of the brain-
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stem aminergic neurons, particularly 5SHT neurons, which prevent the leakage of
the atonia of sSREM into NREM sleep, and abnormalities of the neurons or neu-
ronal systems involving in the posture and locomotion.

The importance of locomotion in the pathophysiology of RTT appears in the
neuropathological findings of the substantia nigra, which are thought to be caused
by dysfunction of the PPN. The hypofunction of the DA neuron is shown by the
results of PSG studies (Nomura et al. 1984; Nomura & Segawa 1986).

The number of TMs of the mentalis muscle, which reflect the activities of
nigrostriatal DA neurons, decrease in early childhood, while they increase in later
ages. This suggests a decrease in the DA activities followed by exaggeration of
the transmission, which could be explained by the occurrence of the DA receptor
upward regulation (Nomura & Segawa 1986, 2001; Segawa & Nomura 1990,
1992). This may cause dysfunction of the basal ganglia and developing dystonic
hypertonus via its descending output, as well as loss of purposeful hand use by
the dysfunctioning supplementary motor area (SMA) and the premotor cortex
via the ascending pathway through the thalamus. The appearance of the DA
receptor supersensitivity may cause the development of stereotyped hand move-
ment and regression of higher cortical function through dysfunctional feedback
from the frontal cortex.

PSG of autism implies a similar modulation of the DA neurons exist in autism.
However, this abnormality may involve mainly the limbic DA neurons. Thus, as
for the PPN, those neurons projecting to the DA neurons of the ventral tegmental
area may be affected predominantly with development of receptor supersensitiv-
ity. This abnormality causes hyperkinesia and stereotypy and also aggressiveness
or panic state, with hypofunctioning of the 5HT and the NA neurons. This is
shown in experiments on rats with 5HT and NA neuron lesions and is associated
with enhanced DA transmission that resulted in the grooming of mice (friend-
liness) in a comfortable situation but the killing of mice (muricide) in an isolated
situation, in spite of the fact that mice are not a source of food for rats (Valzelli
& Garattini 1972). Similar conditions lead rats to the unexpected aggressive be-
havior toward their peers (S. Ueda, personal communication, 2003).

Experimental results also suggest differences of the involved aminergic neu-
rons between RTT and autism (Segawa 1979, 2001a, 2001b).

THE CAUSATIVE GENE FOR RTT, METHYL-CPG-BINDING
PROTEIN 2 (MECP2), AND AUTISTIC FEATURES OF RTT

Since MECP2 was identified as the causative gene for RTT in 1999, extensive
studies regarding not only the role of MECP?2 as the etiology of RTT (Hoftbuhr
et al. 2001), but also the role of MECP2 in the normal development of the brain
have been in progress (Samaco et al. 2004). MECP2 binds to single CpG base
pairs via a methyl binding domain, recruits histone deacetylase via a transcription
repression domain, and silences methylated chromatin. The defects in MECP2
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might affect specific target genes and lead to excessive transcription of certain
genes at specific areas and specific time. MECP2 is expressed ubiquitously but
most highly in the brain and particularly in nuclei of neuronal cells. Develop-
mentally, it shows dramatic changes in its expression.

Mutations in MECP2 are found in approximately 80% of classic RTT cases
(Bienvenu et al. 2000). Mutations in MECP2 are also found in various clinical
conditions. Those include mild learning disability, mild mental retardation, au-
tism in females, and mental retardation X-linked to severe neonatal encephalop-
athy in males (Lam et al. 2000; Orrico et al. 2000; Hammer et al. 2002, 2003;
Zoghbi 2003). Among MECP2 negative cases with phenotypical similarities to
RTT, mutations of CDKL5 (cyclin-dependent kinase-like 5) have been reported
recently (Tao et al. 2004; Weaving et al. 2004).

In addition to the mutational pattern and the location of the mutation, X
chromosome inactivation patterns also contribute to the heterogeneity of the
clinical manifestations of RTT (Amir et al. 2000). A study was done on the
preserved-speech variant group of RTT, a mild RTT variant that is also the allelic
to RTT (De Bona et al. 2000) and in which autistic behavior is common. Zappella
et al. (2003) reported 2 preserved speech patients (R133C and R453X) who ini-
tially developed the first three stages of the staging by Hagberg and Witt-
Eugerstrom (1986) and were severely retarded with autistic behavior, but later
improved to an IQ of 45 and lost autistic features. Thus, Zappella et al. (2003)
suggested that MECP2 mutations can be found in the RTT girls with an IQ of
45 and a clinical history of preserved speech, but MECP2 mutations are not found
in those whose autism remains stable many years.

Autism cases without Rett features were examined for a mutation in MECP2,
the results were negative (Vourc’h et al. 2001; Zappella et al. 2003). This tended
to confirm that autism and RTT are distinct disease entities, as predicted from
the clinical analysis. Brain samples from persons with autism, pervasive devel-
opmental disorder, and Prader-Willi and Angelman syndromes were studied and
showed significant differences in MECP2 expression from age-matched controls
caused by different transcriptional and posttranscriptional mechanisms; this
raised the question of defective developmental expression in autism spectrum
disorders in addition to RTT (Samaco et al. 2004). Recent studies of MECP2
mutations in autism, schizophrenia, and other psychiatric diseases showed a
higher frequency of missense and 3’-UTR variants in autism. These results suggest
a possible association between MECP2 mutations and autism (Shibayama et al.
2004).

The reason why autistic features were stressed in RTT is because the patho-
physiology of both RTT and Kanner’s autism share part of the complex patho-
physiological mechanisms during the maturation of the nervous system. However,
the role of MECP2 and its putative target genes in relation to autism behaviors
have not yet been identified. On the other hand, molecular or cytogenetic research
in autism have provided other molecular bases of autism, such as candidate
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chromosomal abnormalities (e.g., extra copies of 15q11-q13) (Thomas et al.
2003) and autism loci, including the UBE3A and ATP10C genes (Kashiwagi et al.
2003).

CONCLUSION

RTT and Kanner’s autism share phenotypic characteristics in the early stage of
the development. The earliest autistic features that are usually very subtle and
overlooked are “quietness and sleeping longer in daytime” from early infancy.
These are present in both disorders; however, they have not been emphasized in
most of the literature. In late infancy to early childhood, full-blown autistic fea-
tures develop in both disorders, although there are some qualitative and quan-
titative differences.

Neurophysiological evaluation of RTT suggests that its pathophysiology lies in
the hypofunction of the 5HT neuron followed by DA receptor upward regulation
and later involves abnormal higher neuronal systems. The age-dependent ap-
pearance of the pathognomonic symptoms in RTT and Kanner’s autism implies
the significant roles of monoaminergic systems, which send axon to and modulate
the synaptogenesis of the higher neuronal systems arranged hierarchically. Neu-
ropathological studies have shown no degenerative changes in RTT brain but
have revealed developmental curtailment occurring during the early period of
brain maturation. The causative gene of RTT, MECP2, was found, but its exact
mechanism remains to be clarified. The role of MECP2 in the pathophysiology
of autism also presents an interesting issue to explore, because MECP2 shows
specific spatial and temporal appearance in the brain throughout the course of
its maturation.

Children with RTT may show only selected features of classic autism. Also,
they may have only a transient course of the autistic symptoms, a modification
or extinction of autistic characteristics with aging. The same phenomenon of
modification of autistic symptoms with age can be seen in a number of other
disease entities as well. When this is the usual clinical course, it is an important
part of the background information in evaluating therapy claims.
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Chapter 8

The Question of Reversible Autistic Behavior
in Autism

Michele Zappella

Autism is a long-lasting disorder in the great majority of cases. It is defined by
behavior. This characterization of the disease entity by behavioral abnormalities
may cause difficulties when describing the limited number of children who sub-
sequently lose these features. For a long time, the potential of reversible autistic
behavior was explored mostly on psychological grounds; while such studies ini-
tially claimed brilliant results, they subsequently were the object of severe criti-
cism and turned out to be disappointing. These studies usually were conducted
with the idea of autism as one disease that possibly misled their authors from
searching in other directions. The potential for reversible autistic behavior is a
research subject in which mistakes and a suspicion of quackery is a concern; it
has been more recently explored from a neurological perspective by a few pro-
fessionals. Recent data suggest that the latter approach can shed light on this
controversial subject and add knowledge to other data obtained on different
grounds.

Reversible autistic behavior concerns the following possibilities:

1. An improvement in the social and communicative abilities of the subject,
notable through observation and the use of special skills that may, for example,
allow him/her to interact better with other people and in some cases to have a
more autonomous life, in spite of persisting significant core signs of the autistic
spectrum disorder (ASD). Certain clinical features suggesting a more favorable
outcome recently have been proposed; these especially concern subjects with
high-functioning autism and the possibility for some of them to obtain an in-
dependent life in spite of the persistence of an autistic core (Wing 2004). The
assets of such an individual include the following: (a) a certain level of linguistic
and visuospatial abilities; (b) a quality of social interactions by persons who are
socially active, though odd, do better than those who are passive and lonely; (c)
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the existence of special abilities that may be useful for some specific job; (d) an
adequate insight associated with a positive view of themselves; and (e) the wish
to relate with other persons. In contrast, the presence of various psychiatric com-
orbidities and of marked distress to sensory stimuli reduces the chances of a
more positive outcome.

2. In children with syndromic autism, in which brain damage is usually rel-
evant, autistic behavior can fade in time but other relevant disalibities persist.
Transient autistic behavior is seldom the object of reported studies as in a child
with Coffin-Lowry syndrome (Manouvrier-Hanu et al. 1999), but it can be no-
ticed in a number of cases in which mental retardation, disorders of language
development and dyspraxia are the final, permanent outcome. Disorders in which
an autistic behavior can fade while profound disabilities persist include rare cases
of diseases such as the Preserved Speech Variant (PSV) of Rett syndrome. These
patients usually have autistic behavior; however, in 2 girls in whom IQ reached
values near 50, with increasing intellectual abilities, autistic behavior decreased
below the values usually accepted for the criteria of autism (Zappella et al. 2003).
This condition (Zappella 1992) concerns girls with a disease initially similar to
classic Rett syndrome but that subsequently shows signs of improvement both
in manual abilities and in language.

In this population, the professional must be aware of these and similar pos-
sibilities that may require, in a given child, an appropriate change in educational
measures and in rehabilitation. For example, children with profound oromanual
dyspraxia may go through an initial phase where autistic behavior is prominent,
followed by an improvement, and then by the disappearance of autistic symp-
toms, whereas dyspraxia remains as a main, central disturbance. Attention to an
evolution of this kind mandates a change in the educational strategies, reducing
environmental adaptations that have become inadequate and promoting, in con-
trast, a child’s curiousity and communication.

3. There are some children who will show an initial positive response to
therapeutic interventions but will remain autistic. An example is those with early
onset [Gilles de la] Tourette syndrome (GTS) and an autistic disorder. This sub-
group of young children, showing in some instances familial GTS, was originally
described by Kerbeshian and Burd (1992, 1994) and these observations have been
confirmed by Zappella (2002) who noticed an initial rapid improvement follow-
ing the institution of a new treatment that subsequently became less marked and
left the child still with autistic symptoms.

4. Finally, a radical change in behavior has been observed in some children
whereby no more evidence of core autistic symptoms exists. Such a child resumes
normal intellectual, social and communicative abilities that, in spite of the even-
tual presence of disturbances like tics, ADHD, etc., allow an independent and
adequate social life.

Children who may experience a reversal of autistic symptoms include the
following:
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Figure 8.1 Twenty-three-year-old young man with high-functioning autism.

1. Those who experience profound deprivation in early infancy—frequently
due to institutionalization in extremely poor conditions—of food, hygienic con-
ditions, and an extensive absence and poor quality of human interactions. When
this is likely the only cause of the autistic behavior, there is a possibility of partial
or complete recovery. Observations of cases like these involve adopted children,
initially reared in institutions from Eastern European countries, such as as Ro-
mania; it is likely, however, that similar outcomes were present also in western
institutions in a more distant past. One very important variable for the potential
reversal of autistic behavior in these children appears to be the duration of the
deprivation; some of these children have reverted to normal behavior and intel-
lectual abilities (Rutter et al. 1999; Rutter et al. 2001; Beckett et al. 2002). This
population of adopted children with autistic behavior, however, is a mixed one,
including cases of classic autism and, possibly, of depression (Gillberg 2004b).

2. Those with early onset bipolar disorders (BPD) with autism. Robert De-
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Long and his coworkers have devoted a number of studies to the relationship
between autism, affective disorders and the therapeutic use of fluoxetine (DeLong
& Dwyer 1988; DeLong & Nothria 1994; DeLong et al. 1998). In a recent study
of the use of fluoxetine in a population of children with autistic spectrum dis-
order (ASD) 2 to 8 years old, treated for 5 to 76 months (DeLong et al. 2002),
they have reported a significant change in 22 children (17%) defined as “no
longer identified as having autism.” Most of these responders retained symptoms
of attention-deficit-hyperactivity disorder, obsessive-compulsive disorder, and
signs of immaturity in social interactions and praxis (which is the usual outcome
also seen by recovered children with the dysmaturational syndrome). In 4 chil-
dren the outcome was a bipolar disorder. These data are not entirely consistent
with an early onset bipolar disorder where one would expect a subsequent evo-
lution of the affective disorder in a higher number of cases. An additional prob-
lem is that some of these children may do well without the pharmacological help.
I have observed a few cases of reversible autistic behavior. In these cases a family
history of both mood disorders and GTS were initially interpreted as examples
of early onset mood disorders (Zappella 1998). They were not treated pharma-
cologically, and at follow-up, in adolescence, they demonstrated full-blown GTS
that, through a more careful anamnestic evaluation, could be traced back to their
early years.

DeLong and coworkers (1994; 2002) identified the existence of a subgroup
with high-functioning autism with familial BPD and high intellectual abilities
that would benefit from this treatment: (a) children with autism who benefit
from a fluoxetine treatment but remain autistic; and (b) children who recover
entirely from autism and retardation through this medication. The latter possi-
bility, although not yet confirmed by other professionals, should not be discarded,
and it may concern a more limited number of cases.

3. Other individual rare cases of recovery can also be observed but are not
easily classifiable (Perry et al. 1995).

4. Those with autism following intrauterine infections, such as rubella infec-
tion; following vaccination programs, this condition is now rare. During the last
large rubella epidemic, it was noted that approximately a third of the children
described as autistic by age 3 had lost these features at 7 years (Chess 1977).

In addition, the following two sets of disorders are of particular relevance to
the clinician as, if appropriately identified, they can lead to profound behavioral
changes in a given child.

EARLY ONSET EPILEPSY

Some patients with epileptic disorders where an autistic behavior or a dysinte-
grative disorder are present can show behavioral improvement following an ap-
propriate pharmacological treatment; in these cases epilepsy originates in the
brain networks responsible for communication and interactions. The autistic be-
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havior is due to diffuse epileptic discharges from recognized or unrecognized
seizures arising intermittently. Any partial epilepsy with a focus (or foci) in an
area important for behavior can lead to disturbances. Repeated seizures often
manifest as a continuous dysfunction when they originate in or spread to areas
identified with key aspects of behavior and may leave no possibility for interictal
recovery, as one seizure is followed by postictal state, followed by a new seizure.

These disorders include some cases of West syndrome, especially those with
“late epileptic spasms”and those with early onset partial complex seizures; some
of these patients may have a regression with autistic features reversible with ap-
propriate treatment. Deonna and his coworkers have described a number of in-
teresting cases with reversible autism in young epileptic children. In two young
boys, both affected by tuberous sclerosis, autistic regression followed a period of
apparent well-being. Surface EEGs initially did not reveal any abnormality (although
subsequently there was evidence of frontal abnormalities in both) and, in one of the
boys, no evidence of seizure was apparent. Following the administration of carba-
mazepine (CBZ), in both cases, most of the autistic features disappeared, although
various degrees of disabilities remained (Deonna et al. 1993).

Subtle signs that may lead to the diagnosis and appropriate treatment are
described in another case: a young child showed an autistic deterioration at 2
years accompanied by head and shoulder spasms. The patient’s EEG revealed
bursts of brief generalized polyspikes and spike-waves during these spasms that
occasionally resembled hypsarrhythmia. Treatment with clonazepam led to a
rapid, profound improvement both in the EEG and in behavior. The patient’s
score on the Child Autism Rating Scale (CARS) decreased in 2 months from 35
to 19. A subsequent analogous autistic deterioration occurred 6 months later,
although EEG abnormalities were less evident, and again a pharmacological treat-
ment with CBZ induced a complete reversal of autistic be