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The recent and rapid expansion of our knowledge of neu-
robiology and human nervous system development has re-
sulted in considerable interest in the study of behavioral
disorders associated with normal and “abnormal” brain
maturation. Pediatric neuropsychiatry is an evolving clini-
cal discipline devoted to the diagnosis and treatment of
psychiatric or behavioral disorders in children and adoles-
cents who have disturbances of brain function.

Our first attempt to systematize the discipline of pedi-
atric neuropsychiatry culminated in the publication in
1998 of The American Psychiatric Press Textbook of Pediatric
Neuropsychiatry. While this tome received critical acclaim,
its comprehensiveness resulted in a volume that was quite
large, relatively expensive, and thus inaccessible to some
readers. Its publication also generated considerable corre-
spondence from readers with appreciation for our efforts
and suggestions for improvements to future editions.

Pediatric Neuropsychiatry takes to heart this advice and
incorporates the very latest in neuroscience research in an
updated and streamlined text designed for clinicians inter-
ested in brain-behavior relations. Pediatric Neuropsychiatry
bridges the fields of pediatric medicine, pediatric neurol-
ogy, pediatric neuropsychology, child and adolescent
psychiatry, and clinical pediatric neuroscience, and empha-
sizes the relations between neuropsychiatric illness and the
developing nervous system. This book is intended for
health care professionals—child neurologists, child and
adolescent psychiatrists, psychologists, pediatricians, and
other clinicians—who desire to understand and ameliorate
disturbed behavior associated with diseases of the brain
through a comprehensive approach based on a thorough
knowledge of contemporary neuroscience. Pediatric Neu-
ropsychiatry endeavors to establish a link between the neu-
robiology of major psychiatric illness and the neurobiology
of brain disorders that cause disturbed behavior in children
and adolescents, and in so doing stimulate consideration
of fundamental brain-behavior relationships as they evolve
upon a backdrop of the developing nervous system.

Pediatric Neuropsychiatry is organized into four sections,
each edited by one or more of the book’s editors or associ-
ate editors. The section editors have assembled an out-
standing collection of world-renowned neuropsychiatrists,
clinical neuroscientists, and scholars, who in turn have
endeavored to produce chapters that impart clinically rele-
vant information within the context of the very latest
research in developmental neuroscience.

Section I, “Neuropsychiatric Assessment of the Child and
Adolescent,” begins with an overview of normal and abnor-
mal brain development, followed by two practical chapters
on bedside, neuropsychological, and psychoeducational as-
sessment of the pediatric patient; and three chapters on the
role of advanced brain imaging technologies (computed to-
mography, magnetic resonance imaging, positron emission
computed tomography, quantitative electroencephalogra-
phy, and evoked potentials) in the evaluation of the child
and adolescent. This section accomplishes the essential and
fundamental task of defining the acceptable limits of “nor-
mal brain development” as assessed at the bedside and in
the clinical neuroscience laboratory.

Sections II and III provide the clinical core of Pediatric
Neuropsychiatry and focus upon the neuropsychiatric as-
pects of psychiatric and neurological disorders, respec-
tively, in children and adolescents. The comprehensive
chapters in these sections highlight the influence of the de-
veloping nervous system on the pathophysiology, neu-
ropsychiatric manifestations, clinical course, treatment,
and prognosis of psychiatric and neurological illness in the
child and adolescent.

Section IV, “Principles of Treatment of Pediatric Neu-
ropsychiatry,” emphasizes the special considerations that
are essential for safe and effective treatment of neuropsy-
chiatric disorders in children and adolescents. This final
section features up-to-date chapters on neuropsychophar-
macology, electroconvulsive therapy, genetic interventions,
psychosocial and family therapies, educational interven-
tions, and residential facilities. The section also includes a
chapter on the special legal considerations that impact the
provision of care for these patients. The discussions and rec-
ommendations for treatment are anchored as much as pos-
sible in a firm foundation of clinical neuroscience research.
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Embryology, the traditional term for ontogeny, has been
the basis for understanding development for three cen-
turies. Until recently, embryology was limited to descrip-
tive morphogenesis, both macroscopic and microscopic.
Two major advances, beginning in the late 1980s, continue
to provide insight with new discoveries of importance al-
most daily. The first was the discovery of genetic program-
ming as the basis of early development of the neural tube.
The second was the recognition that neuroembryology can-
not be restricted to the central, or even the central and pe-
ripheral, nervous systems, because the developing neu-
roepithelium and its derivatives, particularly neural crest
tissue, induce and regulate the formation of many nonneu-
ral tissues. This phenomenon is well demonstrated in cran-
iofacial development and its disorders associated with CNS
malformations. Examples of the latter are the midfacial
hypoplasia in many cases of holoprosencephaly and the
hypertelorism that accompanies many cases of agenesis of
the corpus callosum. These facial anomalies, previously
recognized only as useful clinical diagnostic markers, can
be explained in much more depth than ever before. The
New Neuroembryology is, therefore, an integration of classi-
cal morphogenesis with molecular genetic programming
and includes the induction of other tissues by the nervous
system during embryonic and fetal life.

Maturation may be further defined by molecular genetics
in terms of autocrine, paracrine, and endocrine influences of
neurotrophins and other secretory molecules. Specific recep-
tors on the plasma membranes of even “undifferentiated”
neuroepithelial cells have been identified. The maintenance
of mature neuronal and glial identity in the adult by many
of these same genetic transcripts of fetal life provides a fur-
ther basis for the continuity of development and maturity.

The new neuroembryology in no way invalidates or ren-
ders obsolete the classical meticulous observations of cen-
tral nervous system (CNS) histogenesis, beginning with
those of Santiago de Ramón y Cajal (1909–1911) and con-
tinuing to this day with ongoing major contributions by
such distinguished neuroembryologists as Pasco Rakic,
Miguel Marín-Padilla, Ronan O’Rahilly, and Fabiola
Müller. Developmental neuropathologists, such as Paul
Yakovlev, Reinhard L. Friede, Ellsworth C. Alvord Jr., Lucy
Rorke, Margaret G. Norman, and Laurence E. Becker, also
have contributed much by applying neuroembryological
principles to the explanation of cerebral malformations.
Without such a framework, molecular biology would con-
sist of nothing more than a meaningless list of identified
gene products. Modern neuroembryology thus encom-
passes classical embryology to demonstrate maturational
change and molecular biology to provide insight into how
and why such change occurs.

Embryological development is most readily understood
as a sequence of distinct processes with considerable spatial
and temporal overlap (Pinter and Sarnat 2004; Sarnat
1992a): (1) genetic patterning, the establishment of the axes
of the neuroepithelium, and neural induction; (2) neurula-
tion; (3) neural crest separation and migration; (4) neu-
roepithelial cell proliferation and differentiation; (5) apop-
tosis, or programmed cell death; (6) neuroblast migration;
(7) axonal pathfinding; (8) membrane excitability; (9) den-
dritic sprouting and synaptogenesis; (10) biosynthesis of
neurotransmitters; and (11) myelination.

An important additional principle of neuroembryology
is initial redundancy. More neuroblasts are generated than
are needed as mature neurons; surplus cells survive for a
finite period and are then deleted through the mechanism
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finite period and are then deleted through the mechanism
of programmed cell death. Axonal collaterals are often
numerous during development but later retract, so that dif-
fuse projections become more specific. Transient synapses
form that are later deleted. Finally, some cells of the imma-
ture brain are functionally important only during fetal life,
after which time they disappear or change into another
mature cell (e.g., cells that form the boundaries between
embryonic segments of the neural tube; Cajal-Retzius
neurons of the molecular layer of the cerebral cortex; radial
glial cells of the cerebrum). Such cells provide transitional
synaptic circuitry, and some contribute “pioneer axons” in
long pathways to help guide the first permanent axons of
those tracts (e.g., the subplate neurons that form the first
descending fibers of the internal capsule before the appear-
ance of pyramidal cell axons from deep cortical layers).

Although cerebral vasculature is not of neuroectoder-
mal origin, the vascular supply and blood-brain barrier
are intimately linked to many of the processes of neural
development and should be recognized as important
aspects of neuroembryology. The formation of the
cranium, meninges, and other neural crest derivatives, in-
cluding facial structures, is also closely associated with
neural development, both normal and abnormal.

EARLIEST EMBRYOGENESIS

Cleavage and Blastulation

Even before the first mitotic division, the fertilized ovum
shows a tendency toward axis polarity in the rotation and
asymmetrical distribution of microtubules in its cyto-
plasm, producing animal and vegetal poles. The assembly
of microtubules is encoded by a maternal gene and re-
mains stable during cleavage (Gong and Brandhorst
1988); this gene is expressed by microtubule growth dur-
ing mitotic spindle elongation (Shelden and Wadsworth
1990). The first mitosis yields a pair of daughter cells
called blastomeres; each subsequent division doubles the
number of cells. If the second tetrad of cells lies directly
above the first, the arrangement is known as radial cleav-
age; if the second tetrad is rotated so that its cells are stag-
gered above and between cells of the bottom tetrad, the
arrangement is called spiral cleavage. Like all other verte-
brates and some invertebrates, humans follow a radial
cleavage pattern. The majority of invertebrates begin em-
bryonic life with spiral cleavages; a few follow unique
cleavages that are neither radial nor spiral. Most spiral
cleavages are determinate: by the eight-cell stage, each cell
is already programmed to form certain tissues and no
others; for example, the cell of insect embryos forms all
mesodermal derivatives, and selective removal of these
cells is not compensated as the larva develops. Humans
and other animals exhibiting radial cleavages are indeter-
minate: cells are not so rigidly programmed that others
cannot compensate, and thus the destruction of one does
not produce a defective embryo.

Further mitoses and an increased number of blastomeres
produce a hollow sphere of cells, the blastula, which in birds
and mammals is flattened into a bilaminar disk. The bottom
sheet of the disk is known as the hypoblast, and the upper is
called the epiblast. The hypoblast becomes endoderm, and
the epiblast will form ectoderm, from which the neural plate
and also the mesoderm will differentiate at a later stage. The
blastula cavity, the blastocoel of spherical blastulas, is a poten-
tial space between the cellular sheets of hypoblast and epi-
blast. The blastocyst comprises the embryonic disk of the flat
epiblast and hypoblast, together with the trophoblast, or pe-
ripheral epithelium, that forms the amnionic and chorionic
membranes but is not part of the embryo proper. The blas-
tocyst cavity is therefore not the same as the blastocoel. Both
cellular proliferation and apoptosis occur in the blastocyst
before and after implantation (Hardy et al. 1989).

GASTRULATION

The next developmental stage in early ontogenesis, gastru-
lation, is the most crucial because it is during this stage that
the body axes establish anatomic form and induction—the
process whereby one layer of embryonic tissue influences
another to cause the affected cells to differentiate in a
direction other than that of the inducing cells—begins.
Morphological development of the organism depends on
normal gastrulation, and any error at this stage is lethal or
produces gross defects.

In simple animals with a spherical blastula, such as the
frog, gastrulation begins with a small dimple or invagina-
tion—the blastopore—at one site of the hollow ball of cells.
The blastopore deepens, becoming not a hole in the
blastula but an invaginated finger lined with surface cells
protruding into the blastocoel. The new cavity formed
within this finger is the archenteron, the lumen of the future
gut. The archenteron compresses and eventually obliterates
the earlier blastocoel.

NORMAL DEVELOPMENT OF THE
NERVOUS SYSTEM

Because the human blastula is flattened, the site of invagina-
tion appears as an elongated pair of parallel cellular ridges
flanking a central groove. This ridged groove, the primitive
streak, is the first morphological marker to define the dorsal
surface of the embryo; it also establishes the rostrocaudal
axis and bilateral symmetry. The day of gastrulation not only
is a landmark of the establishment of the axes of the body,
but also is the “birthday of the nervous system” because it is
the first time that a neuroepithelium can be distinguished as
a neural placode on each side of the primitive streak.

Classical embryology attributed great importance to the
correlation of spiral cleavage with prostomes and of radial
cleavage with deuterostomes; in prostomes, the site of the
blastopore becomes the mouth, and in deuterostomes, it
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of programmed cell death. Axonal collaterals are often
numerous during development but later retract, so that dif-
fuse projections become more specific. Transient synapses
form that are later deleted. Finally, some cells of the imma-
ture brain are functionally important only during fetal life,
after which time they disappear or change into another
mature cell (e.g., cells that form the boundaries between
embryonic segments of the neural tube; Cajal-Retzius
neurons of the molecular layer of the cerebral cortex; radial
glial cells of the cerebrum). Such cells provide transitional
synaptic circuitry, and some contribute “pioneer axons” in
long pathways to help guide the first permanent axons of
those tracts (e.g., the subplate neurons that form the first
descending fibers of the internal capsule before the appear-
ance of pyramidal cell axons from deep cortical layers).

Although cerebral vasculature is not of neuroectoder-
mal origin, the vascular supply and blood-brain barrier
are intimately linked to many of the processes of neural
development and should be recognized as important
aspects of neuroembryology. The formation of the
cranium, meninges, and other neural crest derivatives, in-
cluding facial structures, is also closely associated with
neural development, both normal and abnormal.

EARLIEST EMBRYOGENESIS

Cleavage and Blastulation

Even before the first mitotic division, the fertilized ovum
shows a tendency toward axis polarity in the rotation and
asymmetrical distribution of microtubules in its cyto-
plasm, producing animal and vegetal poles. The assembly
of microtubules is encoded by a maternal gene and re-
mains stable during cleavage (Gong and Brandhorst
1988); this gene is expressed by microtubule growth dur-
ing mitotic spindle elongation (Shelden and Wadsworth
1990). The first mitosis yields a pair of daughter cells
called blastomeres; each subsequent division doubles the
number of cells. If the second tetrad of cells lies directly
above the first, the arrangement is known as radial cleav-
age; if the second tetrad is rotated so that its cells are stag-
gered above and between cells of the bottom tetrad, the
arrangement is called spiral cleavage. Like all other verte-
brates and some invertebrates, humans follow a radial
cleavage pattern. The majority of invertebrates begin em-
bryonic life with spiral cleavages; a few follow unique
cleavages that are neither radial nor spiral. Most spiral
cleavages are determinate: by the eight-cell stage, each cell
is already programmed to form certain tissues and no
others; for example, the cell of insect embryos forms all
mesodermal derivatives, and selective removal of these
cells is not compensated as the larva develops. Humans
and other animals exhibiting radial cleavages are indeter-
minate: cells are not so rigidly programmed that others
cannot compensate, and thus the destruction of one does
not produce a defective embryo.

Further mitoses and an increased number of blastomeres
produce a hollow sphere of cells, the blastula, which in birds
and mammals is flattened into a bilaminar disk. The bottom
sheet of the disk is known as the hypoblast, and the upper is
called the epiblast. The hypoblast becomes endoderm, and
the epiblast will form ectoderm, from which the neural plate
and also the mesoderm will differentiate at a later stage. The
blastula cavity, the blastocoel of spherical blastulas, is a poten-
tial space between the cellular sheets of hypoblast and epi-
blast. The blastocyst comprises the embryonic disk of the flat
epiblast and hypoblast, together with the trophoblast, or pe-
ripheral epithelium, that forms the amnionic and chorionic
membranes but is not part of the embryo proper. The blas-
tocyst cavity is therefore not the same as the blastocoel. Both
cellular proliferation and apoptosis occur in the blastocyst
before and after implantation (Hardy et al. 1989).

GASTRULATION

The next developmental stage in early ontogenesis, gastru-
lation, is the most crucial because it is during this stage that
the body axes establish anatomic form and induction—the
process whereby one layer of embryonic tissue influences
another to cause the affected cells to differentiate in a
direction other than that of the inducing cells—begins.
Morphological development of the organism depends on
normal gastrulation, and any error at this stage is lethal or
produces gross defects.

In simple animals with a spherical blastula, such as the
frog, gastrulation begins with a small dimple or invagina-
tion—the blastopore—at one site of the hollow ball of cells.
The blastopore deepens, becoming not a hole in the
blastula but an invaginated finger lined with surface cells
protruding into the blastocoel. The new cavity formed
within this finger is the archenteron, the lumen of the future
gut. The archenteron compresses and eventually obliterates
the earlier blastocoel.

NORMAL DEVELOPMENT OF THE
NERVOUS SYSTEM

Because the human blastula is flattened, the site of invagina-
tion appears as an elongated pair of parallel cellular ridges
flanking a central groove. This ridged groove, the primitive
streak, is the first morphological marker to define the dorsal
surface of the embryo; it also establishes the rostrocaudal
axis and bilateral symmetry. The day of gastrulation not only
is a landmark of the establishment of the axes of the body,
but also is the “birthday of the nervous system” because it is
the first time that a neuroepithelium can be distinguished as
a neural placode on each side of the primitive streak.

Classical embryology attributed great importance to the
correlation of spiral cleavage with prostomes and of radial
cleavage with deuterostomes; in prostomes, the site of the
blastopore becomes the mouth, and in deuterostomes, it
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becomes the anus. This distinction may be less important in
evolution than was previously thought, however (Willmer
1990). The primitive streak elongates through cellular pro-
liferation at one end, designated caudal, while its other end,
designated rostral, becomes enlarged as Hensen’s node, also
sometimes called the primitive node or primitive knot. A shal-
low depression on the surface of Hensen’s node, the primitive
pit, corresponds to the original blastopore. Cells from the
surface of the primitive streak move inward and laterally to
form the mesoderm. The classical embryological notion of
three germ layers—ectoderm, mesoderm, and endoderm—
that acquire identity during gastrulation is an oversimplifi-
cation; molecular genetic studies suggest that this distinction
of germ layers may be an outdated concept (Willmer 1990).
Neural crest tissue contains the primordia of both ectoder-
mal and mesodermal derivatives. Cells of the neural tube
may be experimentally induced to change their fate to meso-
dermal differentiation (Bronner-Fraser 1995). Myogenic
genes influence neural as well as muscle development
(Tajbakhsh and Buckingham 1995).

NOTOCHORD FORMATION

The notochord is an unsegmented transitory embryonic
structure, regarded as mesodermal in origin, that helps
establish body axes. It is the principal inductor of the
overlying neural plate to form the neural tube. The
notochord also induces formation of the sclerotomes, the
precursors of the vertebral bodies.

The notochord itself undergoes considerable embryolog-
ical development before it is ready to serve as an inductor. It
originates from Hensen’s node as a solid cellular strand or
column, the notochordal process, that grows rostrally between
the ectodermal and endodermal layers of epiblast and hy-
poblast until it reaches a small oval of columnar endodermal
cells known as the prochordal plate. This plate acts as a barrier
to further growth of the notochordal process. The point of at-
tachment of the prochordal plate to the epiblastic ectoderm
is the buccopharyngeal membrane, the site of the future mouth.
The primitive pit extends into the notochordal process to cre-
ate a tubular lumen, the notochordal canal. The primitive
streak shortens as the notochordal process elongates. The
ventral surface of the notochordal process then fuses with
the underlying endoderm and degenerates. The remaining
dorsal half of the notochordal process forms a flattened,
grooved, elongated plate that remolds itself into the solid
cylinder of the “mature” notochord. Mesodermal tissue
grows between the notochord and the endoderm and also
between the notochord and the neural plate dorsally, but
this intervening tissue—the mesenchyme—does not impede
the transport of secretory induction molecules (e.g., the gene
product of Sonic hedgehog [see discussion later in this chap-
ter]) from the notochord to the neural plate. The notochord
also secretes other diffusible molecules, including trypsin, to
repel migratory cells of the neural crest (Pettway et al. 1990).
The mesenchyme forming the sheath of the notochord even-

tually contributes to the formation of the meninges—in par-
ticular, the dura mater and tentorium cerebelli. The cranial
leptomeninges are mesencephalic neural crest derivatives,
but the spinal leptomeninges are derived from paraxial
mesoderm.

GENETIC PATTERNING AND
NEURAL INDUCTION

The genes that program development of the nervous system
consist of a specific series of deoxyribonucleic acid (DNA)
base pairs linked to small proteins known as transcription fac-
tors. A common structure of many transcription factors is the
basic helix-loop-helix (bHLH), a configuration so primordial
in evolution that it first appears in bacteria (Boncinelli et al.
1988). The ribonucleic acid (RNA) transcript translates a
peptide, a glycoprotein, or other molecules that mediate in-
duction or serve as trophic factors.

In situ hybridization is a method that allows histological
identification of individual cells in which a precise nucleic
acid sequence or a product of that sequence is expressed.
This method involves the “hybridization” of a nucleic acid
probe with a specific target nucleic acid to be recognized
within the tissue section and represents a histochemical
extension of the older method, liquid phase hybridization.
Two single-stranded nucleic acid molecules recognize each
other and form hydrogen bonds of complementary base
pairs: DNA-DNA, RNA-RNA, or DNA-RNA duplexes. The
most common application of in situ hybridization in studies
of the developing nervous system is in the detection of spe-
cific messenger RNA (mRNA) molecules that are expressed
only at precise times and in specific cells during embryogen-
esis. DNA or RNA probes used for in situ hybridization must
be linked to a reporter, a means of making the localization
within the tissue detectable. The traditional reporters—
autoradiographic labels—are now seldom used and have
largely been replaced by nonisotope reporters. These include
biotin (vitamin H of the B complex), which binds with high
affinity to the glycoprotein avidin and may then be demon-
strated histochemically as a colored precipitate (the avidin-
biotin method). Alternative methods use digoxigenin and
enzyme-labeled reporters such as tyrosine kinase, alkaline
phosphatase, 3-glucuronidase, or horseradish peroxidase,
which may be demonstrated in tissues by either fluorescence
or light microscopy (Tecott et al. 1994).

The three main classes of hybridization probes in current
use are complementary DNA (cDNA), RNA (riboprobes),
and oligonucleotide probes (for a limited segment of the
RNA molecule; these require dependence on published nu-
cleic acid sequences). The cDNA probe is double stranded,
and the insert (the region complementary to mRNA) is usu-
ally contained within a plasmid or bacteriophage. Ribo-
probes are single-stranded RNA molecules produced from
cloned cDNA that was previously introduced into a specifi-
cally designed plasmid transcription system. RNA-RNA
hybrids are more stable than corresponding DNA-RNA
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hybrids, but riboprobes are “stickier” than DNA probes and
produce a higher degree of nonspecific binding to tissue; this
nonspecific background may be reduced by posthybridiza-
tion treatment with ribonuclease.

Induction is the process whereby one type of embryonic
tissue influences another, causing the affected cells to differ-
entiate in a direction other than that of the inducing cells.
Induction often takes place between germ layers, as when the
notochord (mesoderm) induces the floor plate of the neural
tube (ectoderm). Induction may also occur within a
germ layer; for example, the optic cup (neuroepithelium)
induces the overlying surface ectoderm to form a lens
placode and cornea rather than simply more epidermis.

Induction was discovered in 1924 by Hans Spemann
and Hilda Mangold, who showed that in newts the dorsal
lip of the gastrula was capable of inducing the formation of
an ectopic second nervous system when it was transplanted
to a different region of a host embryo. This dorsal lip of the
amphibian gastrula is homologous with the primitive node
(Hensen’s node) in avian and mammalian embryos, and
transplantation of this node yields similar results. The
regulatory gene Cnot, with major domains in Hensen’s
node, the notochord, and the prenodal and postnodal
neural plate, is probably responsible for this induction
(Stein and Kessel 1995).

Neural induction is the maturation of nervous system
structures in response to signaling molecules secreted in the
vicinity by other tissues of either mesodermal or ectoder-
mal origin. It is the receptors in the membrane of the
induced cell, not the inductive molecule that determines
the specific type of tissue that the affected cell will become.
These membrane receptors are responsive to the effects of
the inductive molecules only during a precise period of
time known as the competence of the induced cell. A gene
called Notch regulates the competence of response to more
specific inductive cues in the CNS and in many other
embryonic tissues (Fortini and Artavanis-Tsakonas 1993).
Some mesodermal tissues (e.g., smooth muscle of fetal gut)
may act as mitogens on the neuroepithelium by increasing
the rate of cellular proliferation (Fontain-Perus 1993), but
this phenomenon does not represent true neural induction
because the proliferating cells do not differentiate. Some
regulatory genes, such as Wnt-1 (see discussion later in this
chapter), also have mitogenic effects (Dickson et al. 1994).

ORGANIZER GENES AND
HOMEOBOXES

In all vertebrates and most invertebrates, the fundamental
body plan is established early in embryonic development
and is defined by bilateral symmetry and axes of polarity—
cephalocaudal and dorsoventral gradients of differentiation
and growth. The radial symmetry exhibited by some
invertebrates, such as sponges, coelenterates (e.g., sea
anemone, hydra, jellyfish), and echinoderms (e.g., starfish),
often is secondarily achieved or represents an exceptional

alteration of early programming (Sarnat 1992a). From a
phylogenetic perspective, the fundamental body plan
became firmly established in the Cambrian Period, 570
million years ago, although various other body models have
been discovered in long-extinct multicellular organisms
dating from the earlier Ediacara Epoch (Seilacher 1984). Bi-
lateral symmetry as a body plan is more ancient than previ-
ously thought. A simple marine invertebrate with a bilater-
ally symmetrical body, named Vernanimalcula, from the
pre-Cambrian period of 580-600 million years ago, recently
was discovered in Guizhou Province, China, from micro-
fossils with excellent preservation (Bottjer 2005).

Organizer genes are the earliest to be expressed in ontoge-
nesis. They continue to regulate polarity and body axes
beyond the gastrula state; they also establish growth gradi-
ents as embryonic cells multiply. The transcription products
of these genes may be expressed in several differentiating
organ systems but not necessarily in all; some of these
products are integral to neural development.

The early formation of the neural plate is accomplished
not only by mitotic proliferation of neuroepithelial cells but
also by conversion of surrounding cells to a neural fate. In
amphibians, a gene known as achaete-scute (XASH-3) is ex-
pressed very early in the dorsal part of the embryo from the
time of gastrulation and acts as a molecular switch to change
the fate of undifferentiated cells to become neuroepithelial
rather than surface ectodermal or mesodermal cells (Turner
and Weintraub 1994). Inhibitor genes also play a major role
in controlling cell fate; some cells differentiate as specific
types because they are inhibited from developing as others.

Each gene of the developing nervous system has a specific
site of expression along the rostrocaudal and dorsoventral
axes. Some genes determine the patterning of particular seg-
ments of the neural tube, such as the midbrain. A dorsal or
ventral gradient of expression may or may not be associated
with influence on adjacent regions. A dorsalizing gene not
only has a dorsal distribution of expression but will also
cause ventral regions of the neural tube to differentiate as
dorsal regions if the influence of ventralizing genes is insuffi-
ciently expressed. This principle is well demonstrated in the
development of the somite, in which the sclerotome nor-
mally lies ventral to the myotome and dermatome; implan-
tation of ectopic floor-plate cells next to the somite in chick
embryos causes ventralization of the somite, so that exces-
sive amounts of sclerotome (cartilage and bone) and insuffi-
cient amounts of myotome (muscle) and dermatome (der-
mis) are formed (Brand-Saberi et al. 1993; Pourquie et al.
1993). The floor plate in this case functions as a ventralizing
inductor of the mesodermal somite, and the gene product
probably responsible is one known as Sonic hedgehog, which
also exerts a ventralizing effect in the neural tube (see “Sonic
Hedgehog [Shh] Family,” on page 9). Genes have often been
assigned bizarre names, and vertebrate and invertebrate
homologues may have similar but not identical names even
if their nucleotide sequences are identical.

Table 1.1 summarizes several of the important genes
and gene families that program the nervous systems of all
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TABLE 1.1
PARTIAL LIST OF ORGANIZER GENES AND HOMEOBOXES THAT PATTERN EARLY DEVELOPMENT 
OF THE MAMMALIAN NERVOUS SYSTEM

Gene Site(s) of Expression Function(s)

Lim-1 Rostral progenitor cells Head organizer, mesenchyme and neural placode
twist Rostral progenitor cells Head organizer, mesenchyme only
XASH-3 (achaete-scute) Epiblast, neural plate Induces neuroepithelial differentiation, mediolateral gradient
Notch All embryonic cells Determines competence of cells to respond to induction
Delta All neural precursor cells Antagonizes Notch; prevents adjacent cells from undergoing 

neural differentiation
Numb All embryonic cells Antagonizes Notch during mitotic cycling
Cnot (Xnot) Primitive node, notochord, prenodal Responsible for specification of notochord and prechordal

diencephalon, postnodal neural plate mesoderm; early induction of neural plate
caudal to hindbrain in a decreasing gradient

goosecoid Cells rostral to notochord Induces prenotochordal mesoderm and forebrain
Sonic hedgehog Ventral midline of neural plate and Mediates early induction from Hensen’s node, notochord,

neural tube; posterior and distal limb buds and floor plate; exerts strong ventralizing polarity gradient;
initiates differentiation of motor neurons

HNF-3 (forkhead) Ventral neural tube Patterns ventral midline of neural tube
Islet-1,2 Ventral neural plate Promotes differentiation of motor neurons
Hox-1.5 Neural crest Programs mesenchymal neural crest, thymus, parathyroids
Hox-1.6 (Hoxa-1) r4 through r7 Contributes to rostrocaudal patterning and segmentation

of hindbrain
Hox-2.1 r8, spinal cord Contributes to rostrocaudal patterning and segmentation

of hindbrain
Hox-2.6 Spinal cord to r6/r7 boundary Contributes to rostrocaudal patterning and segmentation

of hindbrain
Hox-2.7 Spinal cord to r4/r5 boundary Contributes to rostrocaudal patterning and segmentation

of hindbrain
Hox-2.8 Spinal cord to r2/r3 boundary Contributes to rostrocaudal patterning and segmentation

of hindbrain; regulatory axonal pathfinding at r3
Hox-2.9 (Hoxb-1) r4 only Contributes to rostrocaudal patterning and segmentation

of hindbrain; cranial neural crest formation
Hox-3.1 (Hoxc-8) Spinal cord (r8), especially brachial Contributes to patterning of spinal cord

(cervical) region
Krox-20 (zinc finger) r3, r5 Regulates expression of Hox genes; myelination by

Schwann cells
Zic (zinc finger) r1 Programs differentiation and maintenance of cerebellar

granule cells
En-1 (engrailed) Midbrain, r1 Programs differentiation of midbrain, cerebellum, and

rostral metencephalon (pons)
En-2 Midbrain, r1 Regulates differentiation of midbrain, cerebellum, and

rostral metencephalon (pons)
Wnt-1 (wingless) Midbrain, r1, lateral margins of neural Maintains expression of En-1 redundant with Wnt-3 in

plate of r3 to spinal cord; diffusely hindbrain; mitogenic
and weakly in forebrain

Wnt-3 r3 through r8; Purkinje cells of cerebellum Exerts dorsalizing polarity gradient for differentiation of
hindbrain structures; maintains integrity of Purkinje cells

Pax-2 (paired) r2 through r8 in ventricular zone adjacent Regulated by signals from notochord and floor plate; plays
to sulcus limitans; spinal cord; ventral half adjunctive role in segmentation of hindbrain; exerts
of optic up and stalk dorsalizing polarity gradient

Pax-3 Spinal cord; Bergmann glia of cerebellum Maintains integrity of Bergmann cells
Pax-6 Hindbrain; granule cells of cerebellum; Maintains integrity of granule cells

forebrain; eye; pituitary; olfactory nasal
epithelium

Dlx-1, 2 ,3 Forebrain Provides positional information for somatotopic organization
BF-1,2 Forebrain, retina Provides positional information for somatotopic organization
Nkx-2.2 Forebrain, neural tube Induces forebrain compartmentalization; defines longitudinal

columns of neural cells along entire neuraxis

Note: Genes are listed in general order of time of expression. r � rhombomere.
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vertebrates. The gene locations of known human mutations
causing specific CNS malformations are summarized in a
recent table (Sarnat 2005). Homologues of vertebrate genes
in the fruit fly Drosophila perform parallel though often
more extensive functions in invertebrates, and gene prod-
ucts of the fly and the mouse are so similar that they can be
experimentally interchanged to achieve the expected effect.
Most of these genes are also functionally active in other sys-
tems of the body, such as in programming the gradient of
anteroposterior differentiation of the limb buds.

Although homeoboxes and regulator genes overlap consid-
erably with organizer genes and, in some of their expres-
sions, could be dually listed under the “organizer” rubric,
homeoboxes generally program the stage of CNS develop-
ment subsequent to that in which the polarity gradients of
the neural plate are established. Homeoboxes establish
embryonic segmentation of the neural tube and invoke
limits on cellular migration between successive compart-
ments (Fig. 1.1); they initiate the differentiation of specific
neuronal and glial cells and later help to maintain the mor-
phological and metabolic identities of those cells even into
adult life. These genes also provide for receptors on the cell
membrane to receive specific inductive and neurotrophic
molecules. From a molecular genetic perspective, home-
oboxes consist of specific nucleotide sequences that encode
a DNA-binding sequence, the homeodomain that is found in
many transcriptional regulator proteins involved in devel-
opment. Some human malformations are likely the result
of failure of segmentation, with ectopic or deficient expres-
sion of homeoboxes to form normal neuromeres. Exam-
ples include congenital absence of the mesencephalon and
metencephalon with cerebellar hypoplasia, probably due
to an EN=2 mutation (Sarnat et al. 2002) and perhaps the
Chiari malformations (Sarnat et al. 2004a).

The evolutionary biologists and theorists of the late
nineteenth century, led by Thomas Huxley in England,
were constantly seeking “missing links” in evolution—be-
tween humans and great apes, between primates and other
mammals, between mammals and reptiles, and, most per-
plexing of all, between vertebrates and invertebrates, whose
bodies and central nervous systems differ so greatly that
evidence of homology between structures often is elusive
when one must depend solely on anatomic and histologi-
cal examination. Homeoboxes are the missing link, because
nucleic acid sequences identical to those that serve as
segment polarity genes in larval arthropods and worms
also program embryonic segmentation of the vertebrate
brain (De Pomerai 1990).

Homeoboxes are restricted DNA sequences composed of
183 base pairs of nucleotides that encode a class of proteins
sharing a common or very similar 60-amino-acid motif, the
homeodomain (McGinnis and Krumlauf 1992). Home-
odomains contain sequence-specific DNA binding sites and
are components of larger regulatory proteins, the transcrip-
tion factors. Homeoboxes, or homeotic genes, are classified
into various families having a common molecular structure

and similar general expression in ontogenesis. A set of some
13 Hoxgenes determines the rostrocaudal gradient of differ-
entiation of the neural tube and also creates neuromeres,
segments that restrict cellular migration in the longitudinal
axis (Keynes and Krumlauf 1994). A series of eight such
segments, or rhombomeres, each of which forms predictable
structures, has been identified in the hindbrain (Keynes and
Lumsden 1990; Lumsden 1990). Rhombomeres are identi-
fied morphologically as a series of transverse ridges and
ringlike constrictions at the dorsal or ventricular surface of
the hindbrain. The eighth rhombomere is continuous with
the spinal cord. Apparent segmentation of the spinal cord is
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Figure 1.1 Drawing of parasagittal section of a 3-day chick
embryo to illustrate hindbrain rhombomeres (rl–r8) as a primary
segmentation of the developing central nervous system. These
compartments are mainly programmed by Hox homeobox genes.
The spinal cord (sc) is really a caudal continuation of r8, and its
segmentation is secondary, imposed by surrounding mesodermal
somites. The midbrain (m) neuromere and diencephalic (d) and
telencephalic (t) neuromeres are rostral continuations of the series;
the forebrain actually consists of at least three distinct neuromeres.
The cranial motor nerves (III–XII) are shown, but not the cranial
ganglia. The exit points of branchial motor nerves (V, VII, IX) are in
alternate rhombomeres, in register with the first three branchial
arches (bl–b3). The entire cerebellum is derived from rl. (Repro-
duced from Lumsden A. The cellular basis of segmentation in the
developing hindbrain. Trends in Neuroscience 13:329–335, 1990.
Copyright 1990, Elsevier Science, Ltd. Used with permission.)
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actually a phenomenon of changes between somites adja-
cent to the spinal cord (Stern et al. 1991).The spinal cord
does show distinctions in different regions, for example
parasympathetic preganglionic neurons confined to the cer-
vical and sacral regions and sympathetic neurons in the tho-
racolumbar region, and the presence of the column of
Clarke, neurons of origin of the dorsal spinocerebellar tract,
only at T1 to L2 levels, but these regional differences do not
denote distinct compartments separated by neuromeric
boundaries in embryonic life, hence are not true segments
or distinct neuromeres.

In traditional neuroembryology the CNS is divided into
two components, the brain and the spinal cord. However,
the organization of the spinal cord is merely a continuation
of fundamental brainstem architecture; molecular biology
and comparative vertebrate neuroanatomy suggest that the
spinal cord is nothing more than an elongated single rhom-
bomere. It appears segmental only because of extrinsic
groupings of nerve roots imposed by the primary segmen-
tation of adjacent somites and of bony neural arches. A few
intrinsic regional differences do occur, however, such as the
autonomic relay nuclei of the intermediolateral columns
and the column of Clarke for spinocerebellar relay.

The entire cerebellum is derived from rhombomere 1
(rl), though the deep cerebellar nuclei arise from r2. (Fig.
1.1). Each cranial nerve originates from a pair of sequential
rhombomeres lying in register with an adjacent branchial
arch. Thus, the neurons of the trigeminal nerve derive from
r2 and r3, opposite the first branchial arch; the facial nu-
cleus arises from r4 and r5, opposite the second arch; and
the glossopharyngeal nerve emerges from r6 and r7, oppo-
site the third arch. Furthermore, the rostral member of each
rhombomere pair produces motor axons earlier than does
the caudal member and contains the motor nerve root. The
mesencephalic neural crest develops and migrates not only
from the mesencephalic neuromere (r0), but also from r1
and r2’ (the rostral half of r2, which together with r1, pro-
duces the metencephalon or rostral pons, in addition to the
cerebellum). 

The intermitotic to-and-fro movement of proliferating
neuroepithelial cell nuclei within their own radial cyto-
plasmic processes, between the ventricular and pial sur-
faces, is active within rhombomeres but is reduced or ab-
sent at rhombomere boundaries. Although cells continue
to divide at the ventricular surface at boundaries, their
nuclei remain close to this surface throughout the cell cycle;
this relative stasis and increased cell-cell adhesion con-
tributes to the formation of barriers to cellular movement
from one rhombomere to the next (Guthrie et al. 1991).

Certain genes are essential to segmentation of the neural
tube and, if not expressed at the proper time, specific neu-
romeres fail to form (Sarnat and Menkes 2000). For exam-
ple, agenesis of the midbrain and metencephalon (rostral
pons) with cerebellar agenesis or hypoplasia  may be
caused by mutations in the WNT1, EN1 or EN2 homeobox
genes (Sarnat et al 2004).

FAMILIES OF REGULATORY GENES OF
EARLY NEURAL DEVELOPMENT

Fundamental Organizer Genes (Notch, Delta,
Numb, Lim, islet, twist, Cnot, goosecoid)

These organizer genes establish the fundamental axes of
differentiation and growth of the neuroepithelium from the
time of gastrulation and also are important in determining
cell fate, including to which germ layer a cell belongs. The
expression of achaete-scute converts ectodermal cells to a
neural fate (Turner and Weintraub 1994) and provides for
neural induction and position along the mediallateral axis of
the neural plate (Zimmerman et al. 1993). Notch regulates
the competence of cells to induction. Notch is expressed in
virtually all embryonic cells, in contrast to achaete-scute
genes, whose expression is restricted to small territories from
which neurons arise (Fortini and Artavanis-Tsakonas 1993).
Neural precursors, by expressing the “antagonistic” gene
Delta, inhibit neighboring Notch expressing cells from
becoming committed to a neural fate. Interference with Delta
activity results in overproduction of primary neurons; thus,
commitment to a neural fate is regulated by Delta-s-Notch
signaling (Chitnis et al. 1995; Henrique et al. 1995).

Notch is symmetrically expressed during the mitotic
cycling of the neuroepithelial cell, and its gene products are
concentrated on one side of the cell; an antagonistic gene,
Numb, is associated with Delta and is expressed on the side
of the cell opposite to Notch expression. The orientation of
the cleavage plane or mitotic spindle, whether parallel with
or perpendicular to the ventricular surface, determines the
fate of the pair of daughter cells; if the cleavage plane is
perpendicular to the ventricular wall, Notch and Numb are
equally divided between the two daughter cells; if the cleav-
age is parallel, however, one cell inherits nearly all of the
Notch and the other inherits nearly all of the Numb. One of
these cells is at the ventricular surface and reenters the
mitotic cycle; the other loses its attachment to the ventricle
and becomes a postmitotic premigratory neuroblast
(Chenn and McConnell 1995; Guo et al. 1996; Spana and
Doe 1996). Lim-1, a gene generated in embryonic stem
cells (undifferentiated progenitor cells), is the “head orga-
nizer.” Mouse embryos homozygous for the null allele
(inactivated Lim-1) lack anterior head structures, including
the forebrain, although the remaining body axis and neural
tube are normally formed (Shawlot and Behringer 1995).
Although the earliest expression of Lim-1 is in a small zone
of the mammalian epiblast (i.e., dorsal lip of the amphib-
ian gastrula) where the primitive streak forms (Shawlot and
Behringer 1995), at a later stage Lim-1 and Zz’ra-3, together
with members of another family of organizer genes, islet-1
and islet-2, define subclasses of motor neurons that segre-
gate into columns in the spinal cord (Tsuchida et al. 1994).
Motor neurons cannot be generated without islet genes
(Pfaff et al. 1996) and Sonic hedgehog (discussed below).
Another gene, twist, is equally essential for differentiation
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of the cranial neural tube; in twist-mill mice, the cranial
neural folds fail to fuse and there are defects in the head
mesoderm and somites (Chen and Behringer 1995).

The gene Cnot (Xnot in the amphibian), first expressed in
Hensen’s node, is critical to notochordal identity and hence
to induction of the floor plate and further development of
the neural tube; a related gene, goosecoid, performs a simi-
lar programming function for the prechordal mesoderm,
inducing the rostral neural tube to form the forebrain
(Stein and Kessel 1995). A transition from goosecoid to Cnot
expression may begin while cells are still in the epiblast
stage but does not occur after cells assume a mesodermal
identity.

Sonic hedgehog (Shh) Family

Sonic hedgehog (Shh) is the name of an early gene of neural
induction, the protein product of which is secreted by
Hensen’s node, the notochord, and floor plate ependymal
cells in the ventral midline even before closure of the neu-
ral tube (Echelard et al. 1993); the floor plate cells are the
first neuroepithelial cells to differentiate. Hedgehog (hh),
the insect homologue of Shh, is a segment polarity gene.
Shh, one of a family of four hh genes in vertebrates, is a reg-
ulator of polarity for induction of the ventral CNS and ex-
erts a strong ventralizing influence on dorsal structures; it
defines longitudinal columns of cells that are present along
the entire neuraxis (Shimamura et al. 1995). Shh also pro-
grams a strip of posterior and distal mesenchyme on the
developing limb bud that is closely associated with the
overlying ectoderm (Echelard et al. 1993; Maden et al.
1991; Riddle et al. 1993). The Shh protein acts in a concen-
tration-dependent gradient to induce different cell fates
across a developing segment of limb bud or neural tissue.
Shh is unique among the organizer genes in encoding not
only a signaling molecule but also a protease required for
its own processing (Peifer 1994). Retinoic acid (or its alco-
hol, retinol or vitamin A) induces Shh expression, but ex-
cess retinoic acid interferes with rhombomere segmenta-
tion in the otic region of r4 and the associated neural crest
of r3-r5 by altering the transcriptional activity of Hox-2.9
and Krox-20 genes (Maden et al. 1991; Morriss-Kay et al.
1991; Schneider-Maunoury et al. 1993). Retinoic acid is
synthesized by both the notochord and the floor plate
(Wagner et al. 1990). Shh signals from the floor plate in-
duce differentiation of motor neuroblasts. Shh is expressed
in the ventral part of the forebrain as well as in more pos-
terior regions of the neuraxis, despite the fact that the no-
tochord and floor plate do not extend rostrally beyond the
mesencephalic-diencephalic junction. The floor plate is it-
self induced by the notochord, probably through the syn-
thesis of Shh protein and retinoic acid. Shh expression acti-
vates other important genes in both the CNS and the limb
bud, including Wnt-1 (Echelard et al. 1993) and Hox genes
(Riddle et al. 1993). Similarly, in insects, hh is expressed
concomitantly with the segment polarity genes wg (homo-

logue of Wnt-1) and engrailed (homologue of En-1) (Lee et
al. 1992).

Hox Family and (murine) Krox-20 
(human EGR-2)

The primary family of homeobox genes for hindbrain seg-
mentation, known as Hox, includes a bHLH transcription
factor that encodes a 60-amino-acid homeodomain in the
spinal cord and brainstem (Guthrie et al. 1992; Storey et al.
1992). The Hox family includes 38 members, which in ver-
tebrates are organized into four gene clusters that are acti-
vated during gastrulation. Hox-2 consists of a cluster of nine
genes distributed on four different chromosomes (2, 7, 12,
and 17) that specify the anterior limit of each rhom-
bomere: Hox-2.1 is restricted to the spinal cord; Hox-2.6 is
expressed in the spinal cord and extends rostrally to the
boundary of r6/r7; Hox-2.7 extends further rostrally to spec-
ify the boundary of r4/r5; Hox-2.8 establishes the boundary
of r2/r3; and Hox-2.9 is expressed only in r4 and overlaps
the domain of Hox-1.6, which includes r4 through r7. Al-
though Shh from the floor plate induces initial motor neu-
ron differentiation, Hox-2 genes preserve their identity in
the hindbrain (Kessel 1994). Hox-2 genes also pattern mi-
gratory neural crest cells from r4, and Hox-1.5 appears to
program the formation of mesencephalic neural crest tissue
as well as the thymus and parathyroid glands (Chisaka and
Capecchi 1991; Hunt et al. 1991).

Another gene, Krox-20 (mouse gene, same as EGR-2 in the
human), is one of the “zinc fingers” because of zinc-con-
taining histidine and cysteine residues in its transcription
factor, it is expressed in alternating rhombomeres, mainly r3
and r5; it is important in neural crest development and also
regulates the expression of other genes, particularly those of
the Hox family (Wilkinson and Krumlauf 1990). Retinoic
acid antagonizes the expression of Hox genes and thus is con-
sidered to be another regulator (Kessel 1993). Krox-20 (EGR-
2) suppresses the formation of neural crest tissue. As this tis-
sue forms in the dorsal region of r3 and r5, these neural crest
primordia shift rostrally and caudally to join the neural crest
forming in the adjacent rhombomeres, so that r3 and r5 ap-
pear to have no neural crest contribution.

Pax (Paired) Family

Like Hox genes, the family of paired homeobox, or Pax, genes
is also is involved in the establishment of compartments and
boundaries that segment the neural tube; in addition, Pax
genes play a role in dorsal patterning and in establishing
neuronal identity in the dorsal half of the neural tube
(Chalepakis et al. 1993; Koseki et al. 1993; Stoykova and
Gruss 1994). Regional expression of Pax genes occurs in re-
sponse to signals from the notochord and floor plate
(Goulding et al. 1993; Koseki et al. 1993). Pax-2 is expressed
in the ventricular zone in two compartments of cells on ei-
ther side of the sulcus limitans along the entire rhomben-
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cephalon and spinal cord; it is also expressed in the ventral
half of the optic cup and stalk (Nornes et al. 1990). Pax-6 is
expressed in discrete regions of the forebrain and hindbrain,
the eye, and the pituitary and olfactory nasal epithelium
(Callaerts et al. 1997; Walther and Gruss 1991). Pax-1 is ex-
pressed in sclerotome cells but only in the presence of an in-
tact notochord (Koseki et al. 1993); it acts as a mediator of
notochordal signals for the dorsoventral specification of
sclerotomes that will form the ventral parts of vertebrae
(Koseki et al. 1993). Signals from the notochord also regu-
late regionally specific Pax-3 and Pax-6 genes in the develop-
ing spinal cord (Goulding et al. 1993). These genes continue
to be active in the adult CNS in maintaining cell identity and
integrity: high levels of Pax-6 are expressed by cerebellar
granule cells, and Pax-3 transcripts are associated with
Bergmann glial cells (Stoykova and Gruss 1994). Wnt-3 (dis-
cussed later), by contrast, is expressed in adult as well as fe-
tal Purkinje cells and is modulated by presynaptic granule
cells, presumably under the regulation of Pax-6, at the time
of neuronal maturation (Salinas et al. 1994). More than one
gene may be required for specific cellular lineage. Cerebellar
granule cells are maintained not only by Pax-6 but also by
Zic, another “zinc finger” gene product (Aruga et al. 1994).

Wnt (Wingless) and En (Engrailed) Families

The Wnt family is an important group of genes that
program the secretion of cell-signaling or inductive
molecules early in differentiation of the nervous system
(McMahon 1992). Ten Wnt genes have been identified in
the mouse embryo; the Wnt family is homologous with
the segment polarity gene wingless (wg) in the fly. Each
mammalian Wnt gene has a characteristic expression at
particular sites in the rostrocaudal axis of the developing
neural tube; of equal importance is the dorsoventral po-
larizing gradient that organizes the brain in the axis per-
pendicular to the longitudinal axis and exerts a strong
“dorsalizing” influence that antagonizes the “ventraliz-
ing” induction effect of the notochord and floor plate. In
the mouse, Wnt expression is strongly expressed in a do-
main nearly identical to that of the homeobox gene En-1
(engrailed in the larval fly), throughout the midbrain and
rostral half of the metencephalon in rl (Joyner and Martin
1987). More caudally, Wnt-1 expression is confined to the
lateral margins of neural plate that later fuse in the dorsal
midline with neurulation to become the medulla oblon-
gata and spinal cord. Wnt-1 is expressed weakly and dif-
fusely rostral to the midbrain neuromere; Wnt-7, by
contrast, is strongly expressed in the future diencephalon
and telencephalon (Parr et al. 1993). The major domain
of Wnt-3 is the myelencephalon, in r3 through r8, where
it possesses a strong dorsal polarizing gradient and in-
duces cellular differentiation.

The limits of expression of En and Wnt genes change with
maturation. Neither En-1 nor Wnt-1 is active in the mouse
embryo before formation of the first somite, but, coinciden-

tal with the condensation of the first mesodermal somite,
overlapping expression of En-1 and Wnt-1 is detected in the
neuroepithelium just rostral to the preotic sulcus. By the
three-somite stage, En-1 and Wnt-1 domains extend
throughout the midbrain neuromere, and many individual
cells coexpress the two genes (this is different from what oc-
curs in the fly; however, in that species, a mosaic mixture of
cells expressing either En or Wnt is present in each segment).
By the six-somite stage, Wnt-1 expression is more extensive
in the longitudinal axis but is restricted to the dorsal region
of the hindbrain and also is stronger dorsally than ventrally
in the midbrain. By the 27- through 30-somite stages, Wnt-1
is almost exclusively confined to the dorsal midline of the
midbrain and is no longer detected in ventral regions
(McMahon and Bradley 1990; McMahon et al. 1992).

Diencephalic and Telencephalic Gene Families

Several homeotic genes—among them Wnt-1,Dlx-1, Dlx-2,
and Nkx-2.2—are expressed in the developing forebrain,
but their functions are incompletely defined (Bulfone et al.
1993; Figdor and Stern 1993; Price et al. 1992; Puelles and
Rubenstein 1993; Salinas and Nusse 1992). Nkx-2.2 also
controls the patterning of longitudinal columns of neural
cells along the entire neuraxis (Shimamura et al. 1995).
Transcriptors of Cnot are expressed in the epiphysis and ven-
tral diencephalon at early stages; goosecoid is a gene similar
to Cnot that is expressed only in the prenotochordal meso-
derm for forebrain induction (Stein and Kessel 1995). The
segmentation established in the hindbrain might also exist
in the diencephalon, but the segments appear later and
might represent functional units (Figdor and Stern 1993).

Spinal Cord Gene Families

Ironically, the spinal cord remains the only region of the
CNS for which no evidence yet exists of an intrinsic seg-
mentation based on compartmental groupings of differen-
tiating neurons (Lim et al.1991). The Hox-2.1 domain in
the spinal cord is an earlier domain of the homeobox gene
Cnot in the postnodal neural plate caudal to the primordial
hindbrain (Stein and Kessel 1995). The apparent segmen-
tation of spinal nerve roots is imposed by surrounding
mesodermal structures that form the neural arches of the
vertebrae and somites (Sarnat 1992a; Stern et al. 1991;
Tosney 1988). The developing neural arches secrete keratan
sulfate; this glycosaminoglycan is a strong repellant of ax-
onal growth cones, which prevents the aberrant wandering
of developing nerve roots.

DISORDERS OF GENETIC PATTERNING
OR NEURAL INDUCTION

Examination of the expression of homozygous mutant
genes, or “knockout genes,” and the up regulation or over-
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expression of individual genes can provide a great deal of
insight not only into the functions of each of the genes but
also into the redundancy of function that allows them to
act as substitutes for one another. Researchers have bred
and studied many experimental lines of mutant genetic
mice with inactivated alleles of specific genes, some of
which may relate to human malformations that are not eas-
ily explained by classical embryology. Abnormal or defec-
tive gene expression is a topic beyond the scope of this
chapter.

NEURULATION

The posterior neuropore is not located at the extreme cau-
dal end of the developing neural tube. Primary neurulation
involves closure of the neural tube at the dorsal midline
between the rostral and caudal neuropores and results in
formation of the brain and spinal cord to the sacral region.
Secondary neurulation appears after closure of the caudal
neuropore and results in formation of the caudal-most sec-
tion of spinal cord, the conus medullaris and, in vertebrates
with tails, the caudal segments. This part of the spinal cord,
as well as other axial tail structures in the human embryo,
derives from mesenchymal cells in the tail bud (Lemire
1969; Saraga-Babic et al. 1996). The caudal most segments
of the spinal cord develop as a solid rod of neuroepithelial
cells that secondarily forms a lumen by ependymal exten-
sion of the central canal rather than by closure of a sheet of
cells to form a tube. In fishes, the entire spinal cord initially
forms as a solid rod of cells rather than as a folded sheet.

Bending of the neural plate to form the neural tube re-
quires both extrinsic and intrinsic mechanical forces
(Marin-Padilla 1991; Schoenwolf and Smith 1990). Extrin-
sic forces are generated in part by the growth of mesodermal
tissues flanking the neural plate that will form the somites.
Removal of this mesoderm and of the endoderm lateral to
the neural plate in the early chick embryo does not prevent
neural tube formation but causes the neural tube to be ro-
tated toward the side of the removed tissue (Alvarez and
Schoenwolf 1992). Thus, although the mesoderm is impor-
tant for maintaining the orientation of the neural tube,
expansion of the surface epithelium provides the major ex-
trinsic force that bends the neural plate (Alvarez and
Schoenwolf 1992; Jacobson 1991). Neural plate cells are
motile and attempt to crawl beneath the surface ectoderm
along their common boundary, raising neural folds toward
the dorsal midline, but the primordial epidermis also offers
resistance to neural tube formation (Schoenwolf and Franks
1984). Growth of the embryo as a whole does not appear to
be an important factor in neurulation, because neurulation
proceeds at the same rate in anamniotes that grow (e.g.,
birds and mammals) and anamniotes that do not grow
(e.g., amphibians) during this period (Jacobson 1991).

Intrinsic forces of primary neurulation begin with the
notochordal induction of floor plate differentiation, which

establishes the longitudinal axis of the neural plate. The
floor plate cells assume the shape of a wedge, narrow at the
apex and wide at the base, to accommodate the nucleus,
which no longer travels to and fro within the bipolar cyto-
plasm as it did during mitotic cycling. The wedged shaping
of neuroepithelial cells during neurulation may not be as
important as was previously thought, except perhaps at cer-
tain “hinge points,” and not all cells assume this shape
(Schoenwolf and Franks 1984; Smith and Schoenwolf
1989). Also, ependymal cells do not completely line the
ventricles or central canal of the spinal cord until long after
neurulation is complete (Sarnat 1992a, 1992b). Adhesion
molecules contribute additional intrinsic factors promot-
ing neurulation. The selective expression of some regula-
tory genes, such as Wnt-1, at the lateral margins of the neu-
ral plate during neurulation probably plays an as yet
undefined role in the intrinsic curling of the neural plate.

The neural tube closes in the dorsal midline first in the
cervical region, with the closure then extending rostrally
and caudally so that the anterior neuropore of the human
embryo closes at 24 days and the posterior neuropore
closes at 28 days, the distances from the cervical region be-
ing unequal. This traditional view of a continuous zipper-
like closure is an oversimplification. In the mouse embryo,
the neural tube closes in the cranial region at four distinct
sites, with the closure proceeding bidirectionally or unidi-
rectionally and in general synchrony with somite forma-
tion (Golden and Chernoff 1993; Juriloff et al. 1991). An
intermittent pattern of anterior neural tube closure involv-
ing multiple sites has also been described in human
embryos (Busam et al. 1993). In this closure, the principal
rostral neuropore closes bidirectionally (O’Rahilly and
Muller 1989) to form the lamina terminalis, the pri-
mordium of the forebrain (Sarnat 1992a).

Neurulation and the development of the central nervous
system pose the question of the fundamental definition of
“brain” and its distinction from a “cephalic ganglion.” A
brain is a rostral, bilobed neural structure with internal ar-
chitecture of gray and white matter, commissural fibers in-
terconnecting the two halves, and in which the interneuron
is the predominant neuron; it regulates the entire body.
Ganglia, by contrast, may be rostral or occur anywhere else
including the peripheral nervous system, are not bilobed,
have no somatotopic internal architecture and no commis-
sural fibers, and interneurons are sparse or absent, the neu-
rons being almost exclusively primary sensory or motor
neurons; ganglia subserve restricted segments, not the en-
tire body (Sarnat and Netsky 2002).

NEURAL CREST SEPARATION AND
MIGRATION

The neural crest is a tissue of such importance that some au-
thors have even suggested that its status be elevated to that
of a “germ layer,” equal to the ectoderm, mesoderm, and

12 Section I: Neuropsychiatric Assessment of the Child and Adolescent

75191_ch01.qxd  8/29/05  17:26  Page 12



endoderm. (Hall 2000) Neural crest is the means by which
the embryonic neural tube induces many nonneural tis-
sues, including most of the craniofacial structure (Carstens
2004; Hall 1999; Le Douarin and Kalcheim 1999). In addi-
tion, neural crest contributes much of the peripheral ner-
vous system, particularly autonomic and somatosensory
nerves and ganglia.

Incipient neural crest cells first appear at the lateral mar-
gins of the neuroepithelial placode on the day of gastrula-
tion, but these cells are not yet “committed” to a specific
fate. As the neural placode bends dorsally on either side to
form the neural groove, and then the two sides meet in the
dorsal midline and close to form the neural tube, the neu-
ral crest cells are those adjacent to the dorsal midline.
Shortly thereafter they migrate along prescribed routes
throughout the embryo to differentiate after reaching their
final destination. They form neural structures of the
peripheral nervous system—including neurons of the dor-
sal root and sympathetic ganglia, Schwann cells of periph-
eral nerves and chromaffin cells such as those of the
adrenal medulla and carotid body. They also form struc-
tures of mesodermal origin, including blood vessels and
melanocytes or pigment cells, blood vessels and membra-
nous bones including the orbits, cranial vault, and most of
the facial skeleton (Carstens 2004; Hall 1999; Le Douarin
and Kalcheim 1999; Tan and Morriss-Kay 1985).

Neural crest cells migrate in a somewhat different manner
from each part of the embryonic segmental neural tube, the
neuromeres. The neural crest may be divided into three
groups on this basis (Puelles and Rubenstein 2003). The
prosencephalic neural crest migrates rostrally into the head as a
vertical sheet of cells. The mesencephalic neural crest, which
arises not only from the mesencephalic neuromere (i.e., fu-
ture midbrain), but also from the first two hindbrain rhom-
bomeres (neuromeres r1 and r2’ or the rostal half of r2),
migrates as streams of cells. The rhombencephalic neural crest,
arising from the hindbrain and spinal cord, migrates as seg-
mental blocks of cells (Bronner-Fraser 1994; Carstens 2004).

Though patterns of genetic expression in the hindbrain
probably contribute to the segmental arrangement of neu-
ral crest cells, cellular migratory pathways also are guided
by attractant and repulsant paracrine molecules secreted by
surrounding tissues such as the otic capsule, the somites,
and the vertebral neural arches (Jacobson 1991). In addi-
tion, neural crest cells possess integrin receptors for inter-
acting with extracellular matrix molecules (Bronner-Fraser
1994). Changes in the distribution of extracellular matrix
components during neural crest migration impose migra-
tory guidance limits as well (Sadaghiani et al. 1994).

The neural crest consists of a series of overlapping cell
populations that differ in their migratory pathways and
fates. The precise origin of neural crest cells is a complex
issue, because these cells form so many different mature
structures, including some, such as facial bones, that ordi-
narily would be of mesodermal origin. Why neural crest
precursors are so heterogeneous, why neural crest stem

cells with multiple potentials exist, and even whether
stem cells arising from the neural tube are joined by sur-
rounding cells from the mesodermal germ layer are not as
well understood as the migratory pathways of neural crest
cells (Selleck et al. 1993). Like other parts of the neural
tube, neural crest tissue has a rostrocaudal gradient of dif-
ferentiation. The fate of neural crest cells is not entirely
predetermined; environmental factors may induce differ-
entiation of different cells than ordinarily would have oc-
curred. For example, although early migrating neural crest
cells generally form dorsal root ganglion cells, when these
early migrating cells are ablated, the late migrating neural
crest cells that ordinarily form mesodermal structures will
change their fate to become neurons. Furthermore, trans-
plantation of early-migrating neural crest cells does not
result in production of neurons under all conditions
(Raible and Eisen 1996). Neurotrophic factors (e.g., neu-
rotrophin-3 [NT-3]) also influence the fate of neural crest
cells and are essential for survival of sympathetic neurob-
lasts and innervation of specific organs (El Shamy et al.
1996). NT-3 is the only neurotrophin needed by neurons
of the myenteric plexus, but other neural crest derivatives
require other factors. Nerve growth factor (NGF) was the
first neurotrophin identified and was shown in dorsal
root ganglia. Brain-derived neurotrophic factor (BDNF),
ciliary neurotrophic factor (CNTF) and glial-derived neu-
rotrophic factor (GNTF) all are associated with neural
crest migration or differentiation (Sieber-Blum 1999).

The origin of neural crest is topographically unequal in
the neuraxis. The streams of cells arising in the midbrain
contributes to formation of the bony orbit, the connective
tissue of the eye, the membranous bones of the face, the
ciliary ganglion, part of the trigeminal ganglion, and
the Schwann cells of nerves (Bronner-Fraser 1994; Le
Douarin and Kalcheim 1999; Tan and Morriss-Kay 1985).
In the hindbrain, the stream of migratory neural crest cells
from rl and r2 populates the trigeminal ganglion and
mandibular arch; cells from r4 form the hyoid arch and
the geniculate and vestibular ganglia; and those from r6
populate the third and fourth branchial arches and the as-
sociated peripheral ganglia (Bronner-Fraser 1994; Lums-
den et al. 1991). Rhombomeres 3 and 5 appear to not
generate neural crest cells, but the expression of Krox-20
(human EGR2) only in r3 and r5 causes the neural crest
cells of these segments to deviate rostrally and caudally
and migrate with cells of adjacent rhombomeres (Bron-
ner-Fraser 1994).

Genetic Programming of Neural Crest

Many genes are essential to the formation of neural crest,
but the most important are those having a strong dorsaliz-
ing effect in the vertical axis of the neural tube: ZIC2, BMP4,
PAX3. Ventralizing genes of the vertical axis, such as Shh,
inhibit neural crest formation, by contrast (Bronner-Fraser
1995). The gene EGR2 (Krox-20 in the mouse) is strongly
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expressed only in rhombomeres r3 and r5 and in the neu-
ral crest cells from r5/r6 that migrate caudally around the
otic vesicle (Bronner-Fraser 1994). This gene tends to sup-
press neural crest or cause their precursor cells to migrate to
adjacent rhombomeres, rostally and caudally, before mi-
grating into the periphery. Hox-1.5 and Hox-2.9 regulate the
premigratory and migratory neural crest cells from r4
(Chisaka and Capecchi 1991; Hunt et al. 1991). The gene
SLUG (Snail in invertebrates) seems to be essential for later
stages of neural crest differentiation, though it also can be
detected in early stages of the neural placode, later regress-
ing in expression and then re-expressed in stronger form.
Other genes implicated in neural crest development in-
clude OTX (EMX1, 2), PHOX, DLX, and TWIST. The PAX
and MSX families are of particular importance in craniofa-
cial development associated with prosencephalic and
mesencephalic neural crest migration (Bei et al. 2002).

Relation of Neural Crest to CNS
Malformations

Many genetically-programmed malformations of the brain
are associated with facial dysmorphism that can now be
understood in the context of a disturbance of neural crest.
Holoprosencephaly is a prime example. The midfacial hy-
poplasia in many cases of holoprosencephaly was the basis
for the DeMyer et al. (1964) frequently quoted statement,
“the face predicts the brain.” It became apparent that many
children with even the most severe alobar form of holo-
prosencephaly had normal faces, however, and that some
children with even the mildest lobar forms of this malfor-
mation had severe craniofacial dysgeneses. The reason for
this disparity is the extent of the rostrocaudal gradient of
expression of the defective gene(s) in holoprosencephaly,
which may affect the mesencephalic neural crest in particu-
lar. If the gradient extends beyond the diencephalon to
cause noncleavage in the dorsal midline of the mesen-
cephalon, neural crest formation or migration is affected
and defective development of midline structures of the
face, with hypotelorism and absence or hypoplasia of the
premaxilla and vomer bones, may result (Sarnat and Flo-
res-Sarnat 2002). This embryonic midbrain involvement is
not related to the severity of the forebrain noncleavage. The
DeMyer statement was thus further specified as “the face
predicts the rostrocaudal gradient of genetic expression that
impairs mesencephalic neural crest,” providing an explana-
tion as well as a clinical observation. Finally, Carstens
(2004) turned the DeMyer statement around in stating,
“the brain predicts the face,” indicating the primary role of
the neural tube in craniofacial development.

Another example of neural crest defects associated with
cerebral malformations is the hypertelorism that com-
monly accompanies agenesis of the corpus callosum. All
birds and mammals have their eyes either on the side of
the head or directed forward. The natural growth of the
orbits is for the eyes to remain the lateral facial structures

that they are in the early fetus. Those animals that have
their eyes directed forward (e.g., bears, cats, primates)
have an extra bundle of connective tissue, the intercanthal
ligament, that holds the orbits and periorbital soft tissues
together as the face grows. This ligament is in the zone of
prosencephalic neural crest origin. The owl provides fur-
ther confirmation that it arises from neural crest. The owl
is the only bird with eyes directed forward. The intercan-
thal ligament of the owl ossifies, unlike any mammal. The
bone formed is membranous bone, which can only origi-
nate in neural crest or paraxial mesodermal; since parax-
ial mesoderm does not form at this rostral level, the pres-
ence of membranous bone can only be of neural crest
origin.

The importance of the study of craniofacial clefts is that
each cleft, indicating an absence of neural crest bone for-
mation, is a marker of the site and timing of the neural crest
migration from specific individual neuromeres of the em-
bryonic brain (Carstens 2004).

Relation of Neural Crest to Neurocutaneous
Syndromes

Neurocutaneous syndromes are a diverse group of unrelated
diseases, some with mendelian inheritance patterns (e.g.,
tuberous sclerosis complex and neurofibromatosis 1 and 2 as
autosomal dominant traits) and others without evident in-
heritance patterns (e.g., Sturge-Weber syndrome; inconti-
nentia pigmenti). Because the clinical and pathological ex-
pression of these diseases is so diverse, it is difficult to
generalize about a common embryological origin. Because
brain and skin are both of ectodermal origin, and because
both tissues are affected in the neurocutaneous syndromes,
the traditional view is that these are disorders of ectoderm.
This interpretation is probably erroneous for two reasons: (1)
organizer genes that program early development are ex-
pressed in many tissues and do not respect the traditional
germ layers; some of these genes are likely defective in the var-
ious neurocutaneous syndromes; (2) neural crest induces not
only neural structures of the peripheral nervous system, but
also many mesodermal structures of the face, head, and body.
A more rational explanation of a common embryology of the
neurocutaneous syndromes is that they are all disorders of
neural crest. For example, in neurofibromatosis 1, the most
frequent, there are disturbances in growth in peripheral
nerves (neural crest), melancyte distribution in the dermis
(neural crest), a high incidence of pheochromocytoma (neu-
ral crest), and an increased incidence of hypertelorism (neu-
ral crest). In addition, there are disturbances that are not of
neural crest origin, such as the high incidence of optic nerve
gliomas, but the NF-1 gene is also a tumor suppressor gene
and may act on nonneural crest tissues. Tuberous sclerosis
complex is more problematic in this regard, because there is
a cellular dysgenesis that involves almost every organ of the
body in addition to failure of tumor suppression function
and neural crest abnormalities, such as the angiofibromata of
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the facial skin (“adenoma sebaceum”). In epidermal nevus
syndrome (“linear sebaceous nevus of Jadissohn”), a midline
pigmented or depigmented vertical line extends from the
forehead onto the nose, clearly a prosencephalic neural crest
abnormality of melanocyte differentiation.

This new concept of the embryology of neurocutaneous
syndromes deriving from disturbances of neural crest for-
mation or migration may lead to a reclassification of
neurocutaneous syndromes as a category of “neuro-
cristopathies,” with other categories that include agan-
glionic megacolon (Hirschsprung disease), Waardenburg
syndrome, and familial dysautonomia (Riley-Day syn-
drome) (Sarnat and Flores-Sarnat 2005).

NEUROEPITHELIAL CELL
PROLIFERATION AND DIFFERENTIATION

Early cleavages of the fertilized ovum to form the blastula
and gastrula involve a simple proliferation of blastomere
cells cycling between mitotic (M-phase) and resting (S-
phase) states, a process little different from bacterial DNA
replication. As the neurectoderm develops in the epiblast at
postovulatory week 3 in the human embryo, it becomes or-
ganized as pseudostratified columnar epithelium, a sheet of
bipolar cells all oriented so that one cytoplasmic process ex-
tends to the dorsal (future ventricular) surface and the other
process extends to the ventral (future pial) surface. The
nucleus of each cell moves to and fro within the cell’s
cytoplasmic extensions. M-phase occurs at or near the ven-
tricular surface and S-phase occurs at the other surface. The
transitional periods between these two states are known as
“gap phases,” G-l when the nucleus moves distally toward
the surface of the brain, and G-2 when it moves proximally
toward the ventricular surface (Sauer 1935). During the nor-
mal cell cycle, S-phase always follows M-phase; the gap
phases allow for adjustments to be made in the replication
of DNA in G-l, and the sequence ensures that G-2 cells do
not undergo an extra round of S-phase, which would lead
to a change in ploidy as the chromosomes segregate in the
dividing cell (Nurse 1994). In this way, errors may be cor-
rected before the next mitosis, thus allowing for more plas-
ticity than would the all or none principle of simple cell
division. Mitoses continue to occur at the ventricular surface
when the neural tube forms with the folding of the neu-
roepithelial plate. As the brain develops, other sites of
mitotic activity include the external granular layer of the
cerebellum and the olfactory epithelium, but these are
specialized exceptions. A population of quiescent neuroep-
ithelial stem cells in the subventricular region of the mam-
malian forebrain retains a proliferative potential for
gliogenesis and perhaps for neuronogenesis even in the
adult (Diener and Bregman 1994).

Disturbances of cellular growth and proliferation char-
acterize several genetic disorders that primarily involve the
central nervous system, including Proteus syndrome, tuber-

ous sclerosis, and hemimegalencephaly in multiple syn-
dromes (Cohen 2001; Flores-Sarnat 2002; Flores-Sarnat et
al. 2003). In many of these (e.g., tuberous sclerosis,
hemimegalencephaly), the primary disturbance is one of
cellular lineage, with abnormal individual brain cells ex-
pressing mixed glial and neuronal proteins (Curatolo
2003; Flores-Sarnat et al. 2003).

FLOOR PLATE AND EPENDYMA

The floor plate is the first structure of the neuroepithelium
to differentiate. This specialized ependyma, a longitudinal
column of cells in the midline of the neuroepithelial plate,
is induced by the notochord. Like the notochord, the floor
plate extends from the caudal end of the neuroepithelium
as far rostrally as the midbrain-diencephalic junction; in
the diencephalon, the floor plate may transiently form but
becomes incorporated into the infundibulum and hence
cannot be recognized. Whether a transient floor plate exists
briefly in the prosencephalon before “cleavage” into paired
telencephalic hemispheres is uncertain, but, even in the
absence of a demonstrable corresponding anatomic struc-
ture, ventral midline neuroepithelial cells probably serve a
similar inductive function. The floor plate exerts a powerful
ventralizing influence in the neural tube and, indeed, is a
primary organizer of the histological structure of the spinal
cord and brainstem (Yamada et al. 1991; Fig. 1.2). Like the
notochord but unlike other ependymal cells that differenti-
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Figure 1.2 Transverse section of fully formed neural tube be-
coming spinal cord in a 6-week human fetus. The central canal is a
large vertical slit whose wall consists largely of undifferentiated neu-
roepithelium. Dorsal horns and long tracts have not yet formed, but
migration of motor neuroblasts is contributing to ventral horn for-
mation. An ependyma is partially differentiated in the region of the
roof plate and basal plate but not yet at the alar plate; the floor plate
(fp) is well formed in the ventral midline. The floor plate is directly
induced by the notochord and in turn induces many other struc-
tures, including ependyma and motor neurons; it exerts a strong
ventralizing effect in the dorsoventral gradient. At this gestational
age and earlier, the dorsal root ganglia (drg) are large structures ly-
ing lateral to the neural tube; they differentiate early from the neu-
ral crest after the latter separates from the paramedian dorsal neu-
roepithelium at the time of dorsal fusion. The dorsal root ganglia
show neural crest migration. Hematoxylineosin. x40.
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ate later, it secretes both retinoic acid and Sonic hedgehog
glycoprotein. The floor plate induces differentiation of mo-
tor neuroblasts, although Shh from the notochord may also
do this directly.

The adult ependyma is a simple cuboidal epithelial lin-
ing of the ventricular system with a function limited to the
transport of fluid, ions, and small molecules between the
cerebrospinal fluid (CSF) and the cerebral parenchyma. In
the fetus, by contrast, the ependyma is a dynamic structure
primordial to brain development (Sarnat 1992a, 1992c). A
variety of metabolic and structural features distinguish fetal
from adult ependyma (Sarnat 1992c).

Structurally, the ependyma differentiates in a precise
spatial and temporal sequence in the human fetal CNS, be-
ginning with the floor plate at 3 weeks’ gestation and not
completely covering the entire surface of the lateral
ventricles until 22 weeks’ gestation (Sarnat 1992b). The
pseudostratified organization represents a continuation of
the primitive neuroepithelial structure and gradually
becomes thinned to a single layer of cells as the ventricles
grow, although the size of the fetal ventricles relative to the
mass of the brain is larger than at maturity. Once ependy-
mal cells differentiate, they forever lose their potential for
mitotic proliferation, so that the pseudostratified structure
allows for the covering of a larger total ventricular surface
area as the ependyma becomes a simple epithelium. The
postnatal lengthwise growth of the spinal cord is accompa-
nied by progressive narrowing of the central canal and the
eventual obliteration of its lumen, because not enough
ependymal cells are available to preserve the central canal’s
tubular shape.

Individual ependymal cells in the fetus have long basal
processes that extend radially into the cerebral parenchyma,
but these processes do not reach the pial surface in the te-
lencephalon as they do in the brainstem and spinal cord.
The processes and their ependymal cell bodies contain cy-
toskeletal structural proteins such as vimentin, glial fibril-
lary acid protein (GFAP), and certain cytokeratans; these
proteins develop and regress according to a precise sched-
ule, and none of them are expressed by adult ependymal
cells. Basal processes are also absent from adult ependymal
cells, except for a few small, specialized regions such as the
infundibulum and the subcommissural organ. The apical
(ventricular) surface of the ependymal cell has microvilli
and is ciliated; cilia form early in the differentiation of
ependymal cells while the cells are still arranged as a
pseudostratified epithelium, and cilia are retained through-
out life.

Functionally, the most important difference between fe-
tal and adult ependymal cells is that fetal cells are secretory
and adult cells are not. The products secreted by fetal cells
include (1) glycosaminoglycans and proteoglycans, such as
keratan sulfate, that strongly repel axonal growth cones,
and (2) other molecules that attract growing axons, such as
neton and S-100-beta protein (Kennedy et al. 1994; Sarnat
1992b). The basal processes of ependymal cells intermingle

with developing ascending and descending tracts. One
function of the fetal ependyma is to guide the tips of grow-
ing axons along their intermediate trajectories (Snow et al.
1990). The influence may be positive or negative: floor
plate processes attract and facilitate the passage of commis-
sural fibers but repulse longitudinally growing tracts to pre-
vent aberrant decussation (Bovolenta and Dodd 1990).

Another important function of the fetal ependyma is to
arrest mitotic activity of the neuroepithelium. Because
nearly all mitoses occur at the ventricular surface, differen-
tiation of an ependyma precludes further cellular prolifera-
tion at that site; thus, it is advantageous for ependymal dif-
ferentiation to be delayed in the fetus as long as possible to
allow the requisite number of mitotic cycles to occur and to
ensure production of an adequate number of neurons (Sar-
nat 1992c; Smart 1972).

The ependyma may play a role in transformation of ra-
dial glial cells to mature astrocytes, possibly through fetal
ependymal secretion of S-100 protein (Sarnat 1992c). Fi-
nally, the fetal ependyma, like the adult ependyma, helps
to regulate transport of fluid, ions, and small molecules be-
tween the CSF and the cerebral parenchyma. Whether the
ependyma plays a role in the immune system in the brain
is uncertain.

NEURONS

All neurons of a homogeneous population have the same
“birthday”—that is, they all differentiate together on the
same embryonic day. Examples are the granular cells of
layer 3 of the parietal cortex, neurons of various brainstem
nuclei, and Purkinje cells of the cerebellum. An exception
is the external granule cell of the cerebellum, which prolif-
erates while spreading over the cerebellar cortex from the
posterolateral part of the rhombic lip over several days. The
external granule cell also is exceptional in being one of only
two neurons capable of regeneration; destruction of most
(but not all) of the external granule layer by irradiation or
by cytotoxic drugs in rodents is followed by cellular prolif-
eration and repopulation of the external granule layer of
premigratory neuroblasts (Altman and Anderson 1972;
Jones and Gardner 1976; Shimada and Langman 1970).
The other neuron capable of regeneration is even more re-
markable, because it is fully differentiated; the primary ol-
factory receptor neuron undergoes a continuous turnover
even in adults, a process that is necessary because of its ex-
posed site at the surface of the nasal epithelium and its vul-
nerability to destruction by upper-respiratory-tract infec-
tions. The sensory olfactory neuron is replenished by a
population of stem cells at the base of the epithelium that
differentiate and establish synaptic contact with target neu-
rons in the mature olfactory bulb (Crews and Hunter
1994).

Among the earliest cells to differentiate within the neu-
ral tube after formation of the floor plate are the spinal mo-
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tor neurons. These are induced by Shh gene products se-
creted by the floor-plate ependyma and the notochord. Dif-
ferentiation of neurons in the hindbrain occurs first in the
even-numbered rhombomeres and then in the odd-num-
bered segments (Keynes and Lumsden 1990).

How early a neuroepithelial cell is committed to differ-
entiate into a particular type of mature neural cell and,
specifically, which type of neuron it is fated to become—
questions fundamental to the issue of cerebral plasticity
and adaptability of the immature brain to adverse events in
fetal life—continue to be highly debated among develop-
mental neurobiologists. Two opposing schools of thought
have emerged, each supported by some experimental
evidence. The predetermination hypothesis presumes that un-
differentiated neuroepithelial cells already have different
genetic programs, so that their fate is fixed even before all
mitotic cycles are completed. The epigenetic hypothesis pre-
sumes that nongenetic environmental events, such as
altered afferent synaptic innervation and the metabolic mi-
lieu, may alter the fate of a neuroepithelial cell so that it
becomes a different neuron than it would have become un-
der other physiological conditions. In this regard, thalamic
differentiation may be more highly programmed than cor-
tical differentiation, and thalamocortical connections may
be largely responsible for determining regional cortical spe-
cialization, including lamination and cell types (Bayer and
Altman 1991). Dorsal and ventral neural tube derivatives
can arise from a single precursor of a clone. If an ectopic no-
tochord is homologously transplanted to the region near
the roof of the neural tube, where its strong ventralizing in-
fluence is mixed with the normal inherent dorsalizing pat-
tern, cells as diverse as dorsal root ganglion neurons and
pigment cells of the neural crest, roof-plate ependyma, mo-
tor neurons, and floor-plate ependyma can all arise from
the same clone (Artinger et al. 1995).

Cell fate has been examined by tagging individual neu-
roepithelial cells with isotopes, special dyes, or genetic
markers introduced into the cell’s DNA by retroviruses.
Studies using this approach have demonstrated that at the
onset of neuronogenesis, there is a heterogeneity of neural
progenitor cells within the proliferative ventricular zone
(Krushel et al. 1993). A single cell has progeny that differ-
entiate into ependyma, glia, and neurons of several types.
Yet separate sets of progenitor cells may give rise to the
deep and superficial layers of cortex and may coexist as spa-
tially segregated populations even though their waves of
migration are not coincident (Crandall and Herrup 1990).
Transplantation of fetal neuroepithelium into ectopic sites
in the nervous system or into other embryos of a different
gestational age demonstrates that the differentiation of
neurons from the transplant may change. Transplanted
neurons also selectively eliminate neurites unsuitable for
the cortical area to which they are transplanted (O’Leary
and Stanfield 1989). Autoradiographic data, by contrast,
suggest that the unlaminated cortical plate is not a totally
undifferentiated aggregate of identical cells and that lami-

nar specificity is at least partially programmed (Bayer and
Altman 1991). Cell cultures of neuroepithelial cells pro-
duce uniform populations of maturing neurons or glial
cells in some laboratories and mixed populations in others
(Lois and Alvarez-Buylla 1993), although the conditions of
the culture medium—for example, nutrients, cell density,
exposure to cyclicadenosine monophosphate (cAMP)—
may influence the phenotypic differentiation of the cells
(Juurlink and Hertz 1985). Neurotrophic factors influence
whether neural crest cells will develop in vitro as neurons
or glia (Sieber-Blum 1999; Silver and Hughes 1974).

GLIAL CELLS

Radial glial cells (Figs. 1.3 and 1.4) are among the earliest
neuroepithelial cells to differentiate, and new radial glial
cells proliferate mitotically until midgestation (Misson et
al. 1988; Schmechel and Rakic 1979). Radial glial cells are
identified in the human brain by their coexpression of the
cytoskeletal proteins vimentin and GFAP (Roessmann and
Gambetti 1986). After the radial glial cells’ role in the guid-
ance of migratory neuroblasts and glioblasts is complete,
vimentin synthesis ceases, and the long radial process ei-
ther is retracted or degenerates as the monopolar cell is
transformed into a mature multipolar astrocyte that con-
tinues to express GFAP (Creutzfeldt 1977). Between 21 and
30 weeks’ gestation, fascicles of radial glial fibers become
clustered in the intermediate zone of the cerebral hemi-
spheres (Gressens et al. 1992). The transformation of radial
glial cells provides the bulk of the population of astrocytes
in the deep corticallaminae and in the subcortical white
matter at maturity, where as in the superficial cortical lay-
ers astrocytes are derived in the second half of gestation
from radial migration of subventricular glioblasts and
never became radial glia (Cameron and Rakic 1991;
Gressens et al. 1992). Cortical radial glial cells transform
themselves into astrocytes in vitro as well as in vivo (Culi-
can et al. 1990). During development, there is a close cor-
relation of the perivascular arrangement of astrocytes and
the formation of endothelial tight junctions in the blood-
brain barrier (Bertossi et al. 1993).

Some radial glial cells may be transformed into oligo-
dendrocytes (Choi et al. 1983), but most oligodendroglia
originate from the same pool of subventricular glioblasts
that supplies most of the astrocytes (Goldman and Vaysse
1991; Kiernan and Ffrench-Constant 1993; Noll and Miller
1994). Cortical gliogenesis involves a progressively re-
stricted sequence of progenitor cell pools genetically pro-
grammed and activated by growth factors and other
molecules at the proper time, although astroblasts and
oligodendroblasts may be of separate lineages (Kiernan and
Ffrench-Constant 1993; Skoff and Knapp 1991). Oligoden-
drocyte progenitor cells migrate along the optic nerve from
the chiasm (Kiernan and Ffrench-Constant 1993). Oligo-
dendrocyte precursors originate from the ventral regions of
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the spinal cord (Noll and Miller 1994). Retinoic acid
secreted by the floor plate acts as a mitogen for oligoden-
drocyte precursors but inhibits their maturation in early ges-
tation, thus allowing migration and dispersal of these pre-
cursor cells to populate the developing white matter
throughout the spinal cord, including the dorsal regions.
Later in gestation, basic fibroblast growth factor exerts these
same mitogenic and differentiation inhibiting influences,
but retinoic acid now abolishes these effects (Noll and
Miller 1994). Retinoic acid is thus a regulator of oligoden-
drocyte development. Extra cellular matrix molecules
present in developing white matter tracts at the time of
oligodendrocyte progenitor cell migration include laminin
and the glycoproteins tenacin and thrombospondin.

Microglia of the CNS are not derived from the neuroep-
ithelium, as are other glial cells; rather, these microglia are
intracerebral macrophages of mesodermal origin and gen-
erally develop in parallel with the earliest sprouting of the
intracerebralvascular system, at about 51 days’ gestation.
Some microglia may be demonstrated even earlier, at 38
days’ gestation (Fujimoto et al. 1989); these early-
developing microglia probably are needed to phagocytose
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Figure 1.3 (A) Radial glial fibers arch through the subcortical white matter and cerebral cortex of
the temporal lobe in a 30-week human fetus. (B) These glial processes extend to the pial surface,
where they form end feet with astrocytes of the subpial granular layer. (C) Radial glial fibers in the
subcortical white matter (intermediate zone) are seen with migratory neuroblasts and glioblasts glid-
ing along their surface as on a monorail. (D) Radial glial cells in the subventricular zone of the cere-
brum. Each cell extends a long process centrifugally, the radial glial fiber. Ependymal cells in the fe-
tus also have basal processes, but these are short and do not guide migratory neuroblasts; immature
ependymal cells also express vimentin. Vimentin immunocytochemistry. A: �40; B–D: �250.

Figure 1.4 Drawing of a coronal section through the cerebral
hemispheres of a 25-week fetus or preterm infant. The left side of
the figure shows the normal position of radial glial cells in the sub-
ventricular zone and their processes spanning the cerebrum; the
right side of the figure illustrates three potential sites where ac-
quired lesions could destroy or interrupt the radial glial cell orits
process or cause retraction of its end foot from the pial surface. Le-
sions at these sites arrest migrating neuroblasts and glioblasts and
result in heterotopia and abnormal cortical lamination. (Reprinted
from Sarnat HB. Cerebral Dysgenesis: Embryology and Clinical Ex-
pression. New York: Oxford University Press, p. 263, 1992. Copy-
right 1992, Oxford University Press, Inc. Used with permission.)
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the cellular debris of apoptosis. In the developing cerebral
cortex, microglia are more numerous, superficial to, and
beneath the cortical plate than within it (Fujimoto et al.
1989). Additional microglial cells may enter the brain as
transformed amoeboid macrophages from the blood after
microcirculation is established, and this process may con-
tinue into adult life. Microglia also have anatomic articula-
tions with pericytes—small, undifferentiated cells beneath
the basement membrane of capillary endothelial cells of
the brain—and pericytes may be the origin of some mi-
croglia (Monteiro et al. 1996). The differentiation of hu-
man fetal microglia is modulated in vitro by basic fibrob-
last growth factor (Di Pucchio et al. 1996).

The density of astrocytes in the term neonatal brain is
about one sixth that in the normal adult brain and makes
it more difficult for the neonatal brain to form dense gliotic
“scars” in response to focal lesions. The development of
glial cells has long been neglected because of the erroneous
view that they serve no purpose except as the glue or the
filler substance of the brain, but the complexities and func-
tional importance of glia in the developing fetus, as well as
in the mature organism, is being increasingly recognized
(Jessen and Richardson 2001).

APOPTOSIS (PROGRAMMED 
CELL DEATH)

The number of cells generated in the fetal nervous system is
30% to 70% more than the number required at maturity.
Surplus cells survive for a finite period, usually days to
weeks, and then spontaneously undergo a cascade of de-
generative changes and die. This physiological process of
programmed cell death, or apoptosis, was discovered in 1949
by Hamburger and Levi-Montalcini, who demonstrated its
occurrence in the spinal dorsal root ganglion of the chick
embryo (Hamburger and Levi-Montalcini 1949). Many in-
vestigators subsequently confirmed that apoptosis occurs in
all parts of the nervous system and, indeed, that it operates
in most organ systems and in all animals, from the simplest
worms to humans (Ferrer et al. 1990, 1992; Harris and Mc-
Caig 1984; O’Connor and Wyttenback 1974; Okado and
Oppenheim 1984). The 120-day half-life of erythrocytes
and the continuous turnover of intestinal mucosal cells are
examples of apoptosis that continues throughout life. In the
fetal nervous system, however, the process is unique in that
most differentiated neurons do not regenerate if lost.

Apoptosis differs from cell death by necrosis (due to is-
chemia, hypoxia, toxins, or infections) in several important
morphological details. In neural cell apoptosis, the se-
quence begins with shrinkage of the nucleus, condensation
of the chromatin, and increased electron opacity of the cell,
followed by disappearance of the Golgi apparatus, loss of
endoplastic reticulum, and disaggregation of polyribo-
somes; final events are formation of ribosome crystals and
breakdown of the nuclear membrane (O’Connor and Wyt-

tenback 1974). Mitochondria are preserved until late in
apoptosis, where as they swell and disintegrate early in cel-
lular necrosis. Phagocytic microglial cells remove the debris
of apoptotic cells, but lymphocytes and other inflamma-
tory cells do not appear.

Programmed cell death is genetically patterned, as is the
case with other early developmental events, but it is more
complex than most such events because there does not ap-
pear to be any gene or gene combination that initiates the
cascade; on the contrary, apoptosis appears to be pro-
grammed into every cell but its expression is blocked by the ge-
netically-regulated secretion of trophic factors by other cells
in the vicinity that preserve metabolic integrity. Nerve
growth factor and basic fibroblast growth factor block cell
death and preserve the identity of various cell lineages in the
nervous system (Diener and Bregman 1994; Gomez-Pinilla
et al. 1994; Pittman et al. 1993). Many other trophic factors
are also essential for cellular survival. Table 1.2 lists four
prominent neurotrophic factors and their specifications for
preserving the integrity of various types of neurons.

Not all programmed cell death is an early embryonic
event; motor neurons of the cervical spinal cord of the rat
continue to show apoptosis in the early postnatal period
(Nurcombe et al. 1981). Neural cell apoptosis is a biphasic
process; early apoptosis involves undifferentiated or incom-
pletely differentiated neuroepithelial cells, where as late
apoptosis involves well-differentiated neurons or glial cells.
In one popular analogy, necrosis is compared to “death by
murder,” where as apoptosis is likened to “death by neglect,”
because the cell’s death is caused not by a toxin but by a de-
ficiency of atrophic factor needed to preserve its integrity.

Apoptosis may be either accelerated or retarded by
metabolic “environmental” factors, such as the circulating
thyroxine level; fetal hypothyroidism delays apoptosis, and
fetal hyperthyroidism enhances it. Neurotoxic excitatory
amino acids such as glutamate and aspartate may trigger or
accelerate apoptosis (Page et al. 1993). Lactic acidosis, high
concentrations of ammonia, electrolyte and calcium im-
balances, and many other transient metabolic aberrations
may accelerate apoptosis.

Other environmental factors that affect apoptosis in-
volve synaptic relationships. An inverse relationship exists
between the rate of apoptosis of spinal motor neurons and
synaptogenesis. On the afferent side, neurons that fail to be
innervated because of loss of presynaptic neurons degener-
ate; an example of “transsynaptic degeneration” is what oc-
curs in the lateral geniculate body as a consequence of
lesions of the optic nerve. On the efferent side, motor neu-
rons degenerate if they fail to match with target muscle
fibers. Removal of a limb bud of a developing embryo
results in accelerated loss of motor neurons at the corre-
sponding spinal cord level. The ectopic grafting of a
supernumerary limb bud close to a natural limb bud re-
quires innervation by the same pool of motor neurons and
causes apoptosis to be retarded or stopped, resulting in an
increased number of motor neurons on that side.
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cialized foci, such as the olfactory tract, some neurons may
follow axonal guides of others; however, the great majority
of neuroblasts slide to their destinations on the outer sur-
face of radial glial fibers. Neurotrophins also play an im-
portant role: NT-3 is required for olfactory tract migration
and, if defective, results in arrhinencephaly as in holopros-
encephaly, though hypoplastic, rudimentary, unmigrated
olfactory bulbs may be “fused” to the entorhinal cortex in
carefully examined microscopic sections (Sarnat and
Flores-Sarnat 2001).

The radial migration of periventricular postmitotic neu-
roblasts in the cerebrum is regulated in part by the special-
ized Cajal-Retzius neurons of the initial marginal zone of
the early cerebrum, which later becomes the molecular
layer or layer 1 of the cerebral cortex when the developing
cortical plate from radial migrations forms in the middle of
the molecular zone. Cajal-Retzius neurons are mature neu-
rons that form a preplate plexus prior to the first wave of
radial migrations. They synthesize GABA and other neuro-
transmitters, including several calcium-binding proteins
such as calmodulin and parvalbumin, and also express sev-
eral genes that both mediate radial migration and organize

In addition to the well documented apoptosis involving
differentiated or maturing neurons and glial cells, some
undifferentiated neuroepithelial cells also undergo physio-
logical cell death, but the factors that select these short life
cycles are less well understood (Homma et al. 1994). The
mechanism may involve activation of the immediate early
protooncogene c-fos, which is also expressed in regions of
cerebral infarction (Gonzales-Martin et al.1992; McLean et
al. 1994; Page et al. 1993).

NEUROBLAST MIGRATION

Few, if any, neurons in the mature human brain are ulti-
mately located in the same site where they began their dif-
ferentiation. Neurons shift position, often migrating over
long distances, to form three-dimensional relationships
with other neurons with which they must establish synap-
tic circuitry. The migration of neuroblasts is a precise and
orderly process and is intimately associated with special-
ized fetal glial cells with long processes that serve as guides
(Sidman and Rakic 1973; Figs. 1.3 and 1.4). In a few spe-

TABLE 1.2 
NEUROTROPHIN SPECIFICITIES FOR DIFFERENTIATION AND MAINTENANCE OF VARIOUS TYPES OF
NEURAL CELLS

NGF Receptor BDNF Receptor NT-3 Receptor NT-4/5 Receptor
Neural Cell Trk-A Trk-B Trk-C (Minor Trk-B) Trk-B

Sympathetic ��� � �� �

Parasympathetic � � � �

Motor
Lower motor neuron � ��� ��� ���

Upper motor neuron (layer 5 � � ��

pyramidal)
Sensory

Small DRG cells ��� � �

Medium DRG cells � �� �

Large DRG cells � � ��

Cochlear ganglion (and organ of Corti) � � ���

Vestibular ganglion (and labyrinthine � ��� �

neurons)
Nodosal ganglion (vagal) � �� ��

Nucleus dorsalis (column of Clarke) ��

Locus coeruleus � � ��

Amygdala �

Hippocampus
CA1, CA2, granular layer of dentate � � ��

gyrus; calbindin neurons
Pyramidal cells; cholinergic neurons � �� �

Cingulate gyrus ��

Cerebellum � � ���

Obligodendrocytes � � ��

Schwann cells � �� �

Striated muscle � � ��

Note: � � no expression; � � weak expression; ��� � strong expression; blank spaces indicate incomplete
data. BDNF � brain-derived NGF; DRG � dorsal root ganglion; NGF � nerve growth factor; NT-3 �
neurotrophin-3; NT-4/5 � neurotrophin-4/5; Trk � tyrosine kinase receptor.
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the cortical plate; these genes include reelin, LIS1 and DS-
CAM. Cajal-Retzius neurons form the first intrinsic cortical
circuits, forming synapses with neurons of layer 6 (the first
to migrate radially) and later with all cortical layers (Sarnat
and Flores-Sarnat 2002). At the end of cerebral develop-
ment, the Cajal-Retzius neurons become sparse in the
molecular zone with growth of the brain but do not disap-
pear; their function in the adult brain is unknown.

In the cerebral hemispheres, the radial glial cell bodies
are in the subventricular zone, and their processes extend
to the pial surface radially. Groups of postmitotic premi-
gratory neuroblasts migrate together in waves throughout
the subcortical white matter (i.e., the intermediate zone)
to the surface of the cortical plate; each subsequent “wave
of migratory neuroblasts completes its journey superficial
to the preceding one, so that the deepest layer of the neo-
cortex is formed by the first migratory wave, and the most
superficial neurons in layer 2 are the last to migrate. The
inverted arrangement of six-layered neocortex is not the
pattern followed in the three-layered paleocortex (hip-
pocampus) or the laminated superior colliculus, however.
In these trilaminated cortices, the outermost layer repre-
sents the earliest rather than the latest migratory wave. In
the cerebellar cortex, Bergmann glial cells in the Purkinje
cell layer extend radial processes to the surface and guide
the migratory external granule cells to their mature posi-
tion in the interior of the folia.

In addition to the columnar radial migrations along glial
fibers from the subventricular zone to the cortical plate, tan-
gential migration occurs within the intermediate zone (i.e.,
the future subcortical white matter); a minority of migratory
neuroblasts turn to travel perpendicularly to the radial glial
fibers for a net effect of tangential dispersion of clonally re-
lated cortical neurons (DeDiego et al. 1994; O’Rourke et al.
1992). Time lapse confocal microscopy of living slices of
cerebrum demonstrates that these horizontal cell move-
ments are three times faster than radial migrations, suggest-
ing that nonglial substrates such as tangential axons guide
this cellular movement (O’Rourke et al. 1992, 1995). The
validity of these observations of horizontal migration in the
subcortical white matter has been confirmed by other
techniques, including retroviral labeling to trace clonal al-
location of neuroblasts (Walsh and Cepko 1988) and ra-
dioisotope marking of premigratory clones of neuroblasts
(O’Rourke et al. 1995). Tangential migrations are not lim-
ited to the cerebrum; they also have been documented in the
developing optic tectum of the midbrain (Gray and Sanes
1991) and near the surface of the medulla oblongata, where
neuroblasts migrate in the subpial region along circumfer-
ential axons and perhaps are also guided along the leading
processes of other tangentially migrating cells (Ono and
Kawamura 1989). Horizontal migrations occur in the de-
veloping cerebellar cortex as well (Hager et al. 1995). Even
in the spinal cord, longitudinal and tangential migrations
serve to disperse and mix different clones and generations
of postmitotic neuroblasts (Leber and Sanes 1996).

The signals that mediate neuroblast migration are in-
completely understood. The ependyma may play a role in
the regulation of radial glia, but this speculation is not
well documented. The mechanism of actual migration is
uncertain. The neuroblast travels along the radial glial
process as if it were a monorail, but the identity of the
molecules attracting the migratory neuroblast surface,
their location, and the role of adhesive substrates on the
radial glial process are unresolved questions. Glycopro-
teins, including lectin, tenacin, and thrombospondin,
may be important in this regard (Bartsch et al. 1992;
Lehman et al. 1990; O’Shea et al. 1990). By contrast, 
S-laminin, a component of the basement membrane, acts
as a chemical barrier to cell migration (Porter and Sanes
1995). The plasma membrane of the radial glial cell itself
shows a complex dynamic and topographic flow that fa-
cilitates cell migration, as is demonstrated in Bergmann
glial cell guidance of cerebellar external granule cells (Ko-
muro and Rakic 1995). Genetic programming of neurob-
last migration is of primordial importance and regulates
many of the other factors that influence this migration
(Mochida and Walsh 2004).

Although most neuroblast migration is complete by
midgestation, some neuroblasts continue to migrate past
this time, perhaps until 34 weeks. In the second half of ges-
tation, most of the post mitotic neuroepithelial cells in the
subventricular zone or periventricular “germinal matrix”
are glial precursors, and these glioblasts also migrate to-
ward the cerebral cortical surface. After migration is com-
plete, the radial glial cell retracts its process and becomes a
mature astrocyte.

Gyri and sulci form in a predictable sequence to enlarge
the surface area of the cerebral cortex without concomi-
tantly increasing the volume or mass of the brain (Chi et al.
1977). By 20 weeks’ gestation, only the rudimentary pri-
mary fissures are formed—the sylvian and calcarine fissures
and the early appearance of a Rolandic fissure. The sec-
ondary and tertiary gyri develop with further maturation of
the cortex and additional radial migration of glioblasts and
are fully formed by term. Convolutions of the cerebral cor-
tex thus develop during the phase of glioblast, not neurob-
last migration. The forces responsible for gyration of the
cerebral cortex are predominantly intracortical rather than
subcortical (Richman et al. 1975). They are related more to
neurite growth and expansion of the neuropil between cor-
tical plate neurons and to enlargement of the neurons of
the cortical plate than to cellular migration.

Neuroblast migration to the cerebral cortex may be di-
vided into three phases, with different genes regulating
each and, consequently, mutations of each of these genes
resulting in different malformations with arrested migra-
tion in different stages. The earliest stage is the initiation of
migration from the periventricular region (i.e., the embry-
onic subventricular zone. The second stage is the centrifu-
gal journey through the subcortical white matter to reach
the cortical plate. The third stage is the organization of the
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cortical plate and lamination of the cortex (Mochida and
Walsh 2004; Pinter and Sarnat 2004).

AXONAL PATHFINDING

The outgrowth of a single axon precedes the formation of
the multiple dendrites and is one of the first events mark-
ing the maturation of neuroblast to neuron, sometimes be-
ginning during the course of neuroblast migration. The tip
of the growing axon, termed the growth cone by Ramon y
Cajal (1909–1911), is neither pointed nor blunt, but rather
a constantly changing complex of cytoplasmic fingers, the
filopodia, enclosed by a membrane that forms veils or webs
between the filopodia. Microtubules, filaments, and mito-
chondria fill the cytoplasm of the filopodia.

Axons must be guided to their destinations, which are
often a great distance from the cell body. Three mecha-
nisms are involved in this guidance (Oakley and Tosney
1993; Tessier-Lavigne et al.1988):

1. Cell-cell interactions. Molecular signals generated by the
target cell induce the growth cone to form a synapse.
This mechanism is effective only as the axon approaches
to within 1 to 2 mm of the target.

2. Cell-substrate interactions. Molecules known as integrins
bind the cell to an extracellular protein matrix such as fi-
bronectin or laminin. Such substrates serve as adhesive
surfaces for growth cones, allowing them to pull them-
selves along, but might also provide some directional
cues as attractants or repellants.

3. Chemotactic interactions. Secretory molecules may release
powerful attractants or repellants to keep the axon
aligned along an intended course of intermediate
trajectory; growth cones are exquisitely sensitive to cer-
tain chemical sand grow toward or away from these
molecules.

An example of a repellant molecule is keratin sulfate. This
glycosaminoglycan is secreted by many tissues of the fetal
body at sites where nerves are not wanted: the epiphyseal
plates of growing bones, the epidermis (to prevent nerves
from growing through the skin), the notochordal sheath,
and the developing neural arches of the vertebrae (to seg-
ment and guide nerve roots from the spinal cord) (Oakley
and Tosney 1993). The segmental somites are important
early guides of neural crest cellular migration and also of
axonal projections peripherally (Tosney 1988). Within the
CNS, fetalependymal cells synthesize keratan sulfate partly
to prevent axons from growing into the ventricles of the
brain but also to prevent aberrant decussations of long
tracts and wandering of axons toward the wrong targets
(Sarnat 1992c). The dorsal median raphe that separates the
dorsal columns of the two sides in the dorsal midline of the
spinal cord is composed of ependymal roof-plate processes
that secrete keratan sulfate at the time when the axons of
the dorsal columns are ascending. The raphe repels growth

cones that might otherwise decussate (Bovolenta and Dodd
1990; Snow et al. 1990). However, the effects of such re-
pellant molecules are selective. Keratan sulfate secreted by
the floor plate and by the dorsal median septum of the
midbrain allows the passage of commissural fibers of local
interneurons but repulses axons of longitudinal tracts. The
floor plate also repulses axons of developing motor neu-
rons, so that they extend into spinal roots only on the same
side as the soma (Guthrie and Pini 1995). The commissural
axons are actually facilitated in their traversal of the mid-
line septa of ependymal processes by other selective attrac-
tant molecules known as netrins (Kennedy et al. 1994;
Keynes and Cook 1995), but netrins may be bifunctional
and may also act as chemorepellants in other sites (e.g., for
trochlearaxons) (Colamarino and Tessier-Lavigne 1995;
Keynes and Cook 1995). Another family of proteins, the
semaphorins/collapsins act mainly as growth-cone repel-
lants both in neural tissue (including the floor plate) and
throughout the body in nonneural tissue (Dodd and
Schuchardt 1995). Some axons are initially drawn toward
the floor plate, perhaps through long-range chemoattrac-
tion by a netrin, but then are repelled locally by a
semaphorin as they approach the midline and are forced to
turn and proceed in another direction. Thus, although the
midline septa of ependymal processes act as chemical bar-
riers, they are not the physical barriers to axonal passage
that they appear to be in histological sections. Nerve
growth factor and S-100 � protein are examples of other
growth-cone attractants secreted by ependymal and per-
haps other cells of the immature CNS.

The cytoskeleton plays a central role in axonal guidance.
The internal organization of actin filaments and micro-
tubules changes rapidly within the growth cone before large
scale changes in growth-cone shape are seen, and these
changes are evoked by local environmental molecules,
which stabilize local changes of cytoskeletal polymers in the
growth-cone (Tanaka and Sabry 1995). Although micro-
tubule assembly in the growing axon is required for the
axon’s extension in forming pathways, drugs that inhibit or
disrupt microtubule assembly appear not to impede the
process of assembly and grow that the axonal tip, a finding
that refutes the hypothesis that the growth cone is the prin-
cipal site of microtubule assembly (Yu and Baas 1995).
Local electrical fields within the neural tissue may play an
additional minor role in orienting axons within their
trajectories, perhaps by altering receptive properties of
the growth-cone membrane to neurotransmitters and
molecules that attract or repel (Erskine and McCaig 1995).

Finally, or perhaps first of all, homeobox genes are in-
volved in the regulation of axonal growth as well as earlier
stages of development. A gene expressed early in neuronal
differentiation, TOAD-64 (turned-on-after-division, molec-
ular weight 64 kDa), is strongly expressed by its protein
transcription product in growth cones and is down regu-
lated after axonal projection is complete; mutations in this
gene result in aberrations in axonal out growth in the
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mouse and also in the simple roundworm Caenorhabditis el-
egans, in which TOAD-64 is identified as the gene unc-33,
with an identical nucleotide sequence (Minturn et al.
1995). Overexpression of Hox-2 reverses axonal pathways
from r3 (Kessel 1993). Boundary regions between adjacent
domains of regulatory gene expression influence where the
first axons will extend (Wilson et al.1993). The establish-
ment of intersegmental connectivity by short axons pre-
cedes the development of long ascending and descending
tracts (Oppenheim et al. 1988). Initial tract formation is
also associated with the selective expression of certain cell
adhesion molecules and their regulatory gene transcripts
(Chedotal et al. 1995).

MEMBRANE EXCITABILITY

Two features distinguish mature neurons from all other
cells: (1) an electrically polarized and excitable membrane
and (2) secretory function. Muscle cells have excitable
membranes but do not secrete; endocrine and exocrine
cells are secretory but have electrically neutral mem-
branes.

The development of electrical polarity of the cell mem-
brane is a maturational feature that marks the transition
from neuroblast to neuron. This maturational process de-
pends on the development of ion channels for Na�, K�,
Cl�, and Ca�� as well as the means for delivering continu-
ous energy production to maintain a resting membrane po-
tential, the Na�/K� adenosine triphosphatase pump
(Spitzer 1981). Although the importance of glial cells for
ion transport in this regard is incompletely understood, it
is thought that astrocytes may play a substantial role in reg-
ulation of the cerebral microenvironment in the develop-
ing and the mature brain (Walz 1989).

DENDRITIC SPROUTING AND
SYNAPTOGENESIS

Dendrites sprout only after the axon of the neuron begins
its projection. The branching pattern of dendrites and the
formation of spines on these dendritic arborizations upon
which synapses form are varied and characteristic for each
type of neuron. In the cerebral cortex, synaptogenesis al-
ways occurs after migration of the neuron to its mature site
is complete, but in the cerebellar cortex, the external gran-
ule cells project bipolar axons as “parallel fibers” in the
molecular layer and form synapses with Purkinje cell den-
drites before migrating to their mature site in the interior of
the folium.

Afferent nerve fibers reach the cerebral cortex even
before the cortical plate becomes laminated. The first
synapses are axodendritic and form both superficial to and
deep within the cortical plate, between the Cajal-Retzius
cells of the molecular zone and the pyramidal cells of layer
6, the latter representing the earliest wave of radial neurob-

last migration from the subventricular zone. However,
most of the dendritic arborization and synaptogenesis in
the cerebral cortex occurs during the third trimester of ges-
tation and in early infancy, a circumstance that renders this
developmental process vulnerable totoxic, hypoxic, is-
chemic, and metabolic insults in the postnatal period, par-
ticularly in preterm neonates.

An excess of synapses is generated, and many of these
synapses are later deleted with the retraction of redundant
collateral axons. In addition, transitory neurons (e.g., the
Cajal-Retzius neurons of the fetal cerebral cortex) form
temporary synapses that function for a time and then dis-
appear as the transient neuron undergoes apoptosis.

When an axonal terminal reaches a dendritic spine and
cell-cell contact is achieved, a chemical synapse usually
forms rapidly. It has been proposed that some “promiscu-
ous” neurons secrete transmitters even before contacting
their targets, thus inducing an overabundance of synapses
which then undergo additional electrical activity depen-
dent refinement (Haydon and Drapeau 1995). Dendritic
spines determine the dynamics of intracellular second-
messenger ions such as calcium and very likely provide for
synaptic plasticity by establishing compartmentalization
of afferent input based on biochemical rather than electri-
cal signals (Koch and Zador 1993). Neurotrophins play
an important role in the modulation of synaptogenesis as
selective retrograde messengers (Thoenen 1995). Transsy-
naptic signaling by neurotrophins and neurotransmitters
also may influence neuronal architecture such as neurite
sprouting and dendritic pruning (Greenough 1984; Lip-
ton and Kater 1989). Prostaglandins and their inducible
synthetase enzymes (e.g., cyclooxygenase-2) are expressed
by excitatory neurons at postsynaptic sites in the cerebral
cortex and hippocampus; they modulate N-methyl-D-
aspartate (NMDA)-dependent responses such as long-
term potentiation and show a spatial and temporal
sequence of expression that is demonstrated immunocy-
tochemically in the fetal brain. This expression is highly
localized to dendritic spines and reflects functional rather
than structural features of synapse formation (Breder et al.
1995; Kaufmann et al. 1996; Lerea and McNamara 1993;
Williams et al. 1989). Thus, prostaglandin signaling of
cortical development, and synaptogenesis in particular,
may be mediated through dendrites, and the same is
likely for neurotrophin signaling (Thoenen 1995).

In addition to the axodendritic and axosomatic
synapses, a few specialized sites in the developing brain
show dendrodendritic contacts, such as those on the spines
of olfactory granule cells (Shepherd and Greer 1989).

The electroencephalogram (EEG) is probably the most
reliable and accessible noninvasive clinical measure of the
functional state of synaptogenesis in the cerebral cortex of
the preterm infant. The maturation of EEG patterns in-
volves a precise temporal progression of predictable
changes with increasing conceptional age and includes the
development of sleep/wake cycles.
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BIOSYNTHESIS OF
NEUROTRANSMITTERS

The synthesis of secretory products is the function of neu-
rons, and the beginning of this metabolic process denotes
the adequacy of the organelles and the maturity of the
nerve cell. The number of ribosomesin the cytoplasm of
maturing neurons is large if the secretory product is a pep-
tide, such as somatostatin or substance P, or if the product
requires the continuous synthesis of protein enzymes of
synthesis or degradation, such as those involved in the
metabolism of acetylcholine and the monoamines. Nonse-
cretory neuroblasts have few ribosomes.

Neuropeptides are sometimes synthesized in immature
nerve cells but not in mature cells. An example is the pep-
tide substance P, which is present in high concentrations in
the cerebellum at 16 to 18 weeks’ gestation but is almost
undetectable in the cerebellum at term or thereafter; in the
second half of gestation, granule cells begin the synthesis of
glutamic acid and Purkinje cells produce gamma-
aminobutyric acid (GABA) as their neurotransmitters. At
this time, the neuropeptides synthesized earlier, in the first
half of gestation, probably function more as trophic factors
than as synaptic transmitter molecules. Neuropeptide se-
cretory products may coexist with other transmitters, such
as acetylcholine and amino acids, in both the fetus and the
adult. Cajal-Retzius neurons of the fetal cerebral cortex ap-
pear to synthesize both acetylcholine and GABA (Sarnat
and Flores-Sarnat 2002).

Neurotransmitters that persist at maturity appear in a
predictable sequence during development: serotonin is de-
tected in the fetal brainstem earlier than norepinephrine
and dopamine, where as acetylcholine and GABA do not
appear until later. Endorphin is found in high concentra-
tions much earlier than substance P, enkephalin, and the
hypothalamic hormonal peptides (Lagercrantz 1984). En-
dogenous glutamate release in the cerebellar cortex pro-
duces a dramatic increase in the tonic NMDA receptor
channel activity during granule cell migration and synap-
togenesis, an effect which suggests that transmitters con-
tribute to the maturational process and are not just end
products of maturation (Rossi and Slater 1993).

Equally important to the maturation of secretory capac-
ity of neurons for the biosynthesis of neurotransmitters is
the development of specific receptors for each of these
molecules on the cell and dendritic membranes of the neu-
rons with which the axons synapse (Rho and Storey 2001;
Simeone et al. 2003, 2004).

MYELINATION

The velocity of conduction of a depolarization wave along
an axon is important because the transsynaptic propaga-
tion of an impulse depends on its temporal summation of
generator potentials. Myelination greatly increases the

speed of conduction, but myelin is not essential for the
integrity or function of many small nerves, such as most
of those of the sympathetic nervous system. If a hypothet-
ical axon, whether central or peripheral, conducts 50 im-
pulses per second without myelin and 200 impulses per
second with myelin, synaptic block will occur if 100 im-
pulses per second is the critical threshold to release
enough quanta of neurotransmitter to trigger the next
neuron. For this reason, immature infants without suffi-
cient myelination do not simply move and think more
slowly; rather, they have functional synaptic block in
many polysynaptic pathways of the brain.

As with other aspects of nervous system development,
myelination cycles (i.e., the time of onset and termination
of myelination) are specific for each pathway and are pre-
cisely time linked. The proximal and distal portions of
most pathways myelinate at the same time, but some path-
ways (e.g., the corticospinal tract) myelinate in rostrocaudal
progression. Some cycles are short; the medial longitudinal
fasciculus of the brainstem begins myelination at 24 weeks’
gestation and completes it at 28 weeks. Others are long; the
corticospinal tract begins myelination at about 38 weeks’
gestation and is not fully myelinated until 2 years of age.
Postnatal myelination is first seen in the forebrain in the
thalamus, corona radiata, and posterior limb of the internal
capsule at 1 month of age. Myelination is then seen in the
optic radiations to the occipital poles at 3 months, the an-
terior limb of the internal capsule and the radiation to the
precentral gyrus at 6 months, the parietal and frontal deep
white matter at 8 months, and the white matter of the tem-
poral lobe at 12 months (Brody et al. 1987; Kinney et al.
1988). Myelination in the corpus callosum begins at age 4
months postnatally and finishes in midadolescence. The
last pathway of the brain to myelinate is the association
bundle connecting the prefrontal cortex with the ipsilateral
temporal and parietal lobes, which finally completes its
myelination cycle at 32 years of age (Yakovlev and Lecours
1967). These very late cycles require further study and doc-
umentation.

Most studies of myelination are based on the staining of
postmortem brain tissue with luxol fast blue or other tradi-
tional myelin stains (Brody et al. 1987; Gilles 1976; Kinney
et al. 1988; Rorke and Riggs 1969; Weidenheim et al.
1992). Newer techniques of histopathological examination
use gallocyanin histochemistry, antibodies to myelin basic
protein (Bodhireddy et al. 1994; Hasegawa et al. 1992),
and special stains that detect myelination more precisely
with polarized light or fluorescence microscopy (Miklossy
and Van der Loos 1991). In the living patient, T2-weighted
magnetic resonance images are a valuable and reliable
means of semiquantitatively assessing myelination in the
various tracts, fiber bundles, and white matter (Barkovich
et al. 1988; Dietrich et al. 1988). When one is comparing
studies, care must be taken to ensure that technical condi-
tions in each are the same; for example, results obtained
with a 0.5-T magnet will differ from those obtained with a
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1.5-T magnet. Although tables of myelination cycles gener-
ated by magnetic resonance imaging (MRI) differ some-
what from those based on tissue examination at autopsy in
fetuses and infants, the general sequence of myelination of
the various tracts correlates well. Conventional Tl- and T2-
weighted sequences of MRI show that brain maturation
proceeds sequentially, from central to peripheral, from in-
ferior to superior, and from posterior to anterior areas
(Barkovich et al. 1988). Compared with conventional MRI,
newer techniques of quantitative MRI are potentially more
sensitive, less subject to subtle changes in myelination and
less open to variable interpretation (Steen et al. 1994).

Early onset of myelination is not always associated with
early maturation of myelin (Kinney et al. 1988). On the
other hand, an early adult pattern of white matter myelina-
tion on MRI has been reported in infants as young as 10
months of age (Dietrich et al. 1988).

Myelination depends both on the normal differentia-
tion and maturation of oligodendroglial cells and on the
availability of the lipids needed to form the complex
compounds of myelinated membranes. The sequence of
proteins and lipids incorporated into myelin may be quan-
titatively measured by the biochemical study of white mat-
ter at autopsy, and the normal sequence of myelination in
the human fetus differs from the abnormal sequences in in-
dividuals with metabolic diseases involving myelin (Kin-
ney et al. 1994). Like other developmental processes of the
nervous system, differentiation of oligodendrocytes from
precursor cells and programming of myelin formation are
under genetic regulation (Topilko et al. 1994; Yu et al.
1994). The Krox-20 “zinc finger” gene has been identified as
playing an important role in the process of myelination by
Schwann cells in the peripheral nervous system (Topilko et
al. 1994). PMP22/gas3, another gene that programs aprote-
olipid protein, encodes an axonally-regulated Schwann cell
protein that is incorporated into myelin; this gene is the tar-
get of mutations both in a mouse model of defective myeli-
nation and in human Charcot-Marie-Tooth disease type la,
the most common form of inherited peripheral neuropathy
(Lemke 1993). Whether these same genes are active in CNS
myelination is not yet known.

In addition to their role in forming myelin sheaths or
enveloping unmyelinated axons in both the peripheral
and central nervous systems, oligodendrocytes express
nerve growth factor and may secrete other molecules that
stimulate the growth of axons (Byraven et al. 1994). The
number of axons per Schwann cell or per oligodendrocyte
becomes reduced with maturation, from as many as 55 to
as few as 1 to 4 unmyelinated axons per Schwann cell
from midgestation to birth; only rarely does a Schwann
cell ensheathe more than one myelinated axon (Hasan et
al. 1993).

Myelination as an important parameter of the normal
functional maturation of the brain is a clinically measur-
able index of delayed cerebral maturation (Dambska and
Laure-Kamionowska 1990; van der Knaap et al. 1991).

VASCULAR DEVELOPMENT

The development of both the major cerebral arteries and
the microvasculature of the brain have an additional influ-
ence on cerebral development. Acquired ischemic episodes
during fetal life, such as maternal shock, and congenital
vascular malformations that alter normal cerebral perfu-
sion may result in abnormal development or in infarcts or
hemorrhages before maturation is complete and, at times,
resemble genetically determined dysgeneses.

The embryology of the vascular development is complex
and was reviewed and illustrated (Sarnat 2004b). The basi-
lar artery initially is a pair of parallel vessels, the longitudi-
nal neural arteries, at the base of the embryonic brain; it
then undergoes a true fusion to form the basilar artery. It re-
ceives its blood from the internal carotid arteries, with ros-
trocaudal flow because the plexus that coalesces to form the
vertebral arteries occurs at a later stage. The carotid blood is
provided to the early fetal basilar artery through a series of
transient communicating vessels, mainly the trigeminal,
otic, and hypoglossal arteries on each side, and some small
and less constant communicators such as the stapedial
artery. Because of the pontine flexure, the internal carotid
and early basilar arteries lie in parallel and in close prox-
imity, making these transient communicating arteries
anatomically feasible. With the straightening of the pon-
tine flexure, the carotid and basilar arteries move farther
apart. Occasionally, the transient fetal arteries persist rather
than regress, particularly the most rostral or trigeminal
artery, and in such cases the carotid circulation also pro-
vides most of the blood to half of the brainstem and half of
the cerebellum. Persistent fetal cerebral vessels and other
congenital vascular malformations of the brain are well de-
scribed in an article by Pascual-Castroviejo and Pascual-
Pascual (2002).

The anterior cerebral artery arises from the first
branchial pouch (really, pharyngeal pouch, since humans
do not have gills at any stage) associated with rhombomere
1, and the middle cerebral artery from the second branchial
pouch and rhombomere 2; only later do they fuse with the
internal carotid artery on each side. The full circle of Willis,
including the anterior and posterior communicating arter-
ies, are the final elements to form.

Most of the microcirculation of the cerebrum is from ra-
dial arteriole-like immature fetal vessels that span the cere-
bral mantle from the subventricular zone to the cortical
plate, initially with few collaterals and communications be-
tween them, but these increase with advancing gestational
age. Vessels in the subventricular zone or “germinal matrix”
around the ventricles are mainly thin walled vascular chan-
nels, variable in diameter, that are fragile and easily rupture
with reperfusion after an episode of systemic hypotension.
In the brainstem, the microcirculation arises exclusively
from the basilar artery, from a series of 25 to 30 pairs of ves-
sels: the paramedian penetrating and circumferential arter-
ies with short and long branches. The latter course around
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the brainstem before penetrating the parenchyma to supply
the lateral tegmentum. The cerebellum also receives its
blood supply from the vertebrobasilar circulation through
several vessels: superior, anterior inferior cerebellar, poste-
rior inferior, and middle cerebellar arteries.

Watershed zones are territories between the circulation
zones of two major arteries with overlap. In the cerebrum,
the major watershed zones are between the anterior and
middle cerebral and between the middle and posterior cere-
bral arteries. In the brainstem, the main watershed zone is
in the middle of the tegmentum of the pons and medulla
oblongata, and infarcts in this area are usually symmetrical
and produce several syndromes that mimic genetic disor-
ders and can cause Möbius syndrome (paralysis of lateral
rectus and facial muscles and other cranial neuropathies),
central respiratory insufficiency or apnea, dysphagia, anky-
losis of the jaw and micrognathia (Sarnat 2004b).

CONCLUSION

Neuroembryology is prerequisite to understanding cerebral
dysgeneses because all malformations of the nervous sys-
tem—focal or widespread, genetic or acquired in utero—are
disturbances in one or more of the developmental pro-
cesses. To explain the pathogenesis of malformations, one
must invoke not only descriptive morphogenesis, or “clas-
sical” embryology, but also the molecular genetic regulation
of programming and induction, the “new” neuroembryol-
ogy. For pediatric neurologists, neuropsychiatrists, neuro-
surgeons, neuroradiologists, neuropathologists, and other
medical specialists who treat persons with congenital de-
fects of the brain and spinal cord, the foundation that mod-
ern neuroembryology provides becomes as practical and
indispensable as a knowledge of clinical complications such
as hydrocephalus, epilepsy, and cognitive disorders.
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MAJOR THEORIES AND THEORISTS OF
CHILD DEVELOPMENT

The changing patterns of abilities and behavior we call
“development” present intriguing challenges to clinicians.
Children and adolescents are unique because they are chang-
ing, and at a greater rate than at any other time in life, which
creates a special challenge to clinicians. In this section, we
present a brief overview of the major theories of child de-
velopment and provide principles to guide clinicians. For the
various stages of development, we present the classical the-
ory and also describe the clinical manifestations.

One of the forebears of child development, Arnold
Gesell, described development as a spiral, with alternating
periods of equilibrium and disequilibrium (Gesell and Am-
atruda 1964). Each transition in the child’s progress elicits
and requires reciprocal changes in the parents, so that, ide-
ally, parenting has its own developmental course that is co-
ordinated with the child’s changing abilities and behaviors.

It is not surprising that such a complex phenomenon
fostered several major schools of thought to explain the

transitions. In the broadest classifications, the theories can
be divided into two frameworks: reactive and structural
(Lewis and Volkmar 1990). Reactive theorists postulate that
the child’s mind begins as a tabula rasa (i.e., blank slate)
and that changes in behavior and development result
almost exclusively from environmental events. These
theorists believe that abnormal development should be
regarded as involving learned behaviors and that only
through relearning or environmental change can the
“symptom” be removed and the behavior modified.

Structural theorists postulate a genetically determined ca-
pacity for the development of patterns, or systems, of
behavior. The child is seen as interacting with and actively
shaping his or her environment. The continuing behavior
patterns or stages that emerge are sequential and different
from one another; progress is orderly and straightforward,
building on the stage before it. Theoretical schools with this
perspective are quite diverse and include the psychoanalytic
school (Freud) (see Dare 1985), the emotional school (Erik-
son), the cognitive school (Piaget) (see Hobson 1985), and
the attachment school (Mahler). A summary of these theo-
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ries is presented in Table 2.1. Each of these theories provides
a different structural lens through which to understand an
individual child’s development.

The transactional model, formulated by Sameroff and
colleagues, attempted to reconcile these apparently contra-
dictory views of child development. In this view, both be-
havioral and biological attributes must be considered in
their reciprocal relationships to other characteristics of
the child. In this theory, development is conceived of as a
fluid, dynamic reciprocal process between biological
attributes and environment that can reinforce, modify,
or change specific psychological patterns at all age peri-
ods—that is, the child affects the environment, and the en-
vironment affects the child (Sameroff and Seifer 1983). The
transactional model counsels looking at the mutually inde-
pendent nature of the relationship between a child and his
or her environment in order to understand development.
The innate characteristics of an individual child (e.g.,
health, personality, temperament) affect the way a child re-
sponds to his or her environment. These patterns of reac-
tion will in turn change certain aspects of the environment
(e.g., parental caregiving style). Conversely, the environ-
ment has certain qualities (e.g., socioeconomic status, fam-
ily structure) that have a profound effect on the child.
Development must be understood as resulting from the
complex interplay of the child and his or her environs. Each
modifies and potentiates the other. Together, they weave a
complex pattern of development that cannot be under-

stood by examining a single thread of nature or of nurture
(Parker et al. 1988).

The process of development is complex and, in spite of
much research, still not completely understood. It is
helpful when examining human development to apply the
preceding above theories as a clarifying, but not conclusive,
lens through which to view human behavior and growth.
In the following sections, we describe innate characteristics
of children that contribute to individual behavioral differ-
ences and then explore the stages of human development
using the structure of these theories as a framework.

INDIVIDUAL DIFFERENCES
THROUGHOUT DEVELOPMENT

Overview of Temperamental Theory

In addition to understanding the theory and sequence of
development, it is important to understand individual dif-
ferences among children. In the early 1900s, it was thought
that parents totally shape their children’s personalities—in
other words, children were born as “lumps of clay” for
parents to mold through daily interactions over the course
of childhood. Such a theory of personality development,
however, does not explain why some children who were
born into nurturing families had problems and some who
were born into troubled families did well.
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TABLE 2.1
MAJOR STRUCTURAL THEORIES OF CHILD DEVELOPMENT

Psychoanalytic
Age (Freud) Emotional (Erikson) Cognitive (Piaget) Attachment (Mahler)

Newborn Oral Trust vs. mistrust Sensorimotor: Stage I Normal autistic phase
Reflexive

1 month Sensorimotor: Stage II Normal symbiotic phase
Primary circular reactions

4–5 months Sensorimotor: Stage III Peak of symbiosis
Secondary circular reactions Beginning of separation and 

individuation
First subphase: Differentiation

7 months Second subphase: Early practicing 
phase

9 months Sensorimotor: Stage IV Practicing phase
Coordination of existing 

scheme
1 year Anal Autonomy vs. shame/doubt Sensorimotor: Stage V

Tertiary circular reactions
18 months Sensorimotor: Stage VI Third subphase: Rapprochement

Representational period
2–3 years Preoperational period
3–6 years Oedipal Initiative vs. guilt
6–12 years Latency Industry vs. inferiority Concrete operational thought Object constancy (libidinal)
12–18 years Genital Identity vs. identity diffusion Formal operational thought Resolution of omnipotence
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Children are intrinsically different from one another,
and although parents may love all their children, they
respond to each child differently because the children are
different. Siblings experience both shared and nonshared
aspects of their environment. Research from behavioral
genetics suggests that nonshared environmental influences
on each child tend to have a greater effect than shared ones.
Consequently, parents can respond differently to a persis-
tent, slow-to-warm child—for example, with more frustra-
tion or anger—than to a sibling who is more adaptable and
less persistent. The folk wisdom is that the person who
“invented” temperament was the first parent who had a
second child! The dilemma of intrinsic differences between
children has led child developmentalists to embrace the
concept of innate “temperamental” characteristics that play
a role in personality development.

Temperament is often defined as how the child behaves,
in contrast to why the child does what he or she does (mo-
tivation) and what he or she does (abilities) (Chess and
Thomas 1986). The nine characteristics of temperament
that were initially described by researchers Stella Chess
and Alexander Thomas (1986) in the New York Longitu-
dinal Study are outlined in Table 2.2. This landmark study
demonstrated that children are born with a unique combi-
nation of temperamental characteristics that describe an
individual’s particular behavioral style. These characteris-
tics are presumably derived from a combination of genetic,
intrauterine, central nervous system, and postnatal envi-
ronmental factors. Although not fixed, an individual’s
temperamental style is likely to be consistent over time,
especially when the interplay between the individual and
the environment is relatively stable.

This is in contrast to personality which is commonly
defined as what makes one person different from other

people, perhaps even unique. This aspect of personality is
called individual differences. However, personality theorists
are just as interested in the commonalities among people.
The central point is that the major personality traits will
vary “with the nature of the adaptive demands created by
the social setting, as the profile of animal species varies
with the local ecology” (“Normal Personality Develop-
ment,” Kagan, J in Textbook of Pediatric Neuropsychiatry, First
Edition p. 14).

Specific Temperamental Characteristics

Activity level refers to the motor component of a child’s
functioning. A child with high activity level is one for
whom a parent needs four hands to change a diaper: two to
hold the baby down and two to change the diaper. These
children are running instead of walking at 1 year of age, and
at age 5 years they can sit at the dinner table for only 5 min-
utes at a time. On the other hand, a child with low activity
level moves very little while being dressed or during sleep
and, when older, can stay seated through dinner.

Rhythmicity refers to the degree of predictability and
rhythm in the timing of biological functions (e.g., sleep,
hunger, elimination). A child with predictable rhythms
sleeps, eats, and eliminates at roughly the same times
each day. Although all newborn infants take a couple of
days to adjust to extrauterine life, the child with unpre-
dictable rhythms never seems to develop regular, pre-
dictable patterns.

Approach–withdrawal refers to the nature of a child’s ini-
tial response to new or altered stimuli (e.g., new foods,
toys, or people). A child with a positive approach likes new
foods and approaches strangers and new surroundings
readily. A child with a negative approach–withdrawal
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TABLE 2.2
TEMPERAMENTAL CHARACTERISTICS

Characteristic “Easy” “Difficult”

Activity level Low: Moves very little while being dressed or 
sleeping

Rhythmicity Regular: Eats, sleeps, and eliminates at 
predictable times

Approach–withdrawal Positive approach: Approaches strangers easily

Adaptability Quick: Easily learns to accept new situations
Threshold of High: enjoys being touched and cuddled; is not

responsiveness easily aroused
Intensity of reaction Mild: Whines but does not cry when angry
Quality of mood Positive: Generally has a “sunny” disposition
Distractibility High: Can be coaxed away from forbidden 

activities
Attention span and Long: Intently concentrates and continues 

persistence activity despite obstacles

Source: Adapted from Chess and Thomas 1986.

High: Is constantly on the move; four hands
needed to change a diaper

Irregular: Is unpredictable from day to day

Negative approach: Does not like new clothes or
toys; initially rejects new environments

Slow: Has difficult time adjusting to new situations
Low: Is easily startled; rejects new textures

Intense: Cries loudly and laughs hard
Negative: Has serious disposition
Low: Is not easily drawn away from desired activity

Short: Gives up easily; stays briefly on each activity
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rejects the first tastes of infant cereal, will not sleep in
strange beds, and can be expected to hide behind mother
on the first day of school.

Adaptability refers to the ease with which a child’s re-
sponse to new or altered situations can be modified in a
desired direction, irrespective of his or her initial response.
A highly adaptive child could have been somewhat tenta-
tive during the first bath but now enjoys bathing; could
have initially rejected new foods but now accepts them
well; could have been afraid of certain toy animals at first
but now plays with them happily. On the other hand, a
child with low adaptability has a difficult time adjusting to
new situations, even after multiple exposures. These chil-
dren have difficulty with transitions; for example, resisting
daily dressing and facing the start of each school year or of
summer camp with dread.

Threshold of responsiveness refers to the intensity of stim-
ulation that is necessary to evoke a discernible response
from a child. Parents of a child with a high threshold of
responsiveness do not need to tiptoe around the house
during nap times for fear that a sudden noise will awaken
their sleeping baby. These children also enjoy being
touched and handled and often enjoy roughhousing dur-
ing play. On the other hand, a child with a low threshold
of responsiveness is easily startled, is awakened from sleep
by normal household sounds, finds certain articles of
clothing unbearable against his or her skin, and refuses to
eat foods with certain textures.

Intensity of reaction refers to the energy level or vigor of a
child’s response (either negative or positive) to stimuli.
Intensely reacting children reject foods vigorously, scream
when frustrated, and laugh loudly when amused. Children
with low intensity of reaction whine but do not cry when
angry, and give a brief smile but do not laugh when happy.
Some parents of children with low response levels might
consider their babies “boring” and have a difficult time
establishing an emotional connection because the children
offer little or no emotional feedback.

Quality of mood refers to the amount of pleased, joyful,
and friendly behavior versus the amount of displeased,
crying, and unfriendly behavior. A child with a positive
mood is “quick with a smile” or has a “sunny disposition,”
whereas a child with a negative mood has a serious dispo-
sition or frequently acts sullen or cranky. This is not to say
that children with negative demeanors never feel pleasure,
but rather that they do not express their pleasure openly
and with the behaviors typically associated with happiness.

Distractibility refers to the ease with which a child can be
diverted from ongoing activity by extraneous peripheral
stimuli. Highly distractible children stop crying when their
parents sing to them and are alert to sounds and sights
in their environment. These children also can be coaxed
away from a forbidden activity by being led into something
else. Parents who “distract” their children during temper
tantrums will be successful with highly distractible children,
but not with children who have low distractibility. Children

with low distractibility do not seem to hear when they are
spoken to if they are involved in their favorite activities.

Attention span and persistence refer to the length of time a
child will pursue a particular activity and the continued
maintenance of the activity in the face of obstacles, respec-
tively. Children with long attention spans and persistence
will intently watch toy mobiles over the crib and will stay
with tasks like puzzles or blocks for long periods of time.
When these children start a temper tantrum, it is difficult to
stop it. Children with short attention spans go from one
activity to another but, if they have high persistence, will
return to the original task. However, if they have low
persistence, they have difficulty completing any task.

“Goodness of Fit”

When one is looking at a particular child’s behavior, it is
possible to see the temperament characteristics of a child
emerge and to understand how a child’s behavior could
affect different parents differently. These characteristics do
not in and of themselves cause problems. Rather, it is the
“fit” between the child’s temperament and the demands and
expectations of the parents and other caretakers that can
determine whether a struggle will take place. The question
is whether the parents and child complement or antagonize
each other—in other words, is there a “good fit”?

A classic example of this concept is routinely experi-
enced at dinnertime. There will inevitably be friction
between a “10-minute parent” and a “5-minute child,”
because the parent has the expectation that the child
should sit at the table for 10 minutes, but the child can
sit there for only 5 minutes. Obviously, if the parent wants
the child to stay, he or she will have to fight for the last
5 minutes. On the other hand, a “5-minute parent” with a
“5-minute child” has expectations that fit with the child’s
temperamental capabilities.

If there is a good fit between parent and child, optimal
development is likely. On the other hand, if there is a poor
fit between parent and child (i.e., parental and caretaker
expectations are not consistent with the child’s tempera-
ment), the ensuing dissonance will result in stress and
potential problem behavior. There is a tendency for healthy
growth if the fit is good or for disturbed behavior if the fit
is poor. Importantly, the notion of goodness of fit is situa-
tional. When parents see a consistent style of expression in
“good” behavior as well as “bad,” they can understand
the pattern and see it as a unique feature of their child’s
temperament.

Children may have a good fit with some, but not all, care-
givers or in some, but not all, settings. For example, there
may be a good fit with a child in a relaxed home, and he or
she is regarded as an “easy” child. Later, upon entering a day
care or preschool program, the same child is labeled “diffi-
cult” because the expectations and practices in these struc-
tured environments can be very different from those in the
more relaxed environment the child experiences in the
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home. The opposite case can also be true. A child thought of
as difficult by the parents can be more comfortable—and
consequently better behaved—in a structured school envi-
ronment. Understanding a child’s temperamental style will
help parents—and, later, teachers—find the appropriate fit.

Temperament in Clinical Practice

Understanding a child’s temperament can be a very liberat-
ing experience for parents, freeing them from a lot of
unproductive parental guilt. For example, parents can be
assured that the characteristics of their “colicky” baby are
constitutional and not caused by parental inadequacy, or
that their intensely reacting child is prone to tantrums
unrelated to anything the parents have done. Once parents
feel “off the hook,” they learn to appreciate the child’s
unique style and to develop behaviors that complement
him or her. A child’s basic temperament cannot be changed,
but a parent’s expectations and behavioral response to the
child can be adjusted to create a better fit.

Emotional Regulation and Dysregulation

Another concept useful in understanding the “how” of
children’s behavior is emotional regulation, a process that is in-
timately connected to temperament (Harris 1995). Emo-
tional regulation is a developmentally acquired process, and
various experiences of the child require the child to master
this skill (coping), leading to adaptation. Various behaviors,
such as out-of-control temper tantrums, social withdrawal,
and excessive response to severe pain, can represent failures
of emotional regulation, or dysregulation. During normal de-
velopment, there are marked changes in the child’s abilities
and behavior that allow the child to master new develop-
mental tasks. The failure to regulate the emotional input can
result in maladaptation or delay. There has been increasing
interest in regulatory disorders (Diagnostic Classification 0-3,
1997). Regulatory disorders are characterized by the infant or
young child’s difficulties in regulating behavior and physio-
logical, sensory, attentional, motor, or affective processes,
and in organizing a calm, alert, or affectively positive state.
The diagnosis of regulatory disorder involves both a sensory,
sensory-motor, or processing difficulty and a distinct behav-
ioral pattern indicated by one or more behavioral symptoms.

DEVELOPMENTAL STAGES

It is important to preface a discussion of normal develop-
mental pathways with two caveats. First, the suggestion that
development follows a series of discrete stages that proceed
in an unvarying order is no longer accepted. The intrinsic
variation of each individual is both recognized and re-
spected. Second, at any of the stages following birth, nervous
system disease, environmental changes, infections, and so
forth can all perturb the normal development discussed.
Thus, not only individual variability but also individual

vulnerability from other areas must be considered in assess-
ing the developmental course of any individual child.

Pregnancy

Behavioral development begins long before delivery of the
child. Mothers are aware of the pattern a fetus follows:
sleep/wake, with certain intermittent periods of increased
activity. Ultrasound studies show coordinated movements
such as thumb sucking and kicking by 16 weeks; evidence of
such movements is that some children are born with blisters
on their forearms from the strength of in utero sucking.

There are also developmental stages for parents that begin
during pregnancy and continue for the remainder of the
child’s life (Howard 1990) (Table 2.3). Possibly the largest
adjustment, though, takes place when the parents first take
the child home from the hospital and recognize the reality of
a new life and the issues and responsibilities concomitant
with this lifelong commitment. Clinicians can help parents
by understanding and discussing this important adjustment.

Early Infancy: “A Small Collection of . . .
Reflexes”

Neurobehavior of the Newborn
During the first weeks of life, the physiological organization
of infants is not entirely stable. For instance, periodic breath-
ing (i.e., breathing stops and starts) occurs in healthy, full-
term infants about 20% of the time during active sleep.
Other autonomic functions, including temperature control,
skin color, urination, defecation, yawning, gagging, hiccup-
ing, and vomiting, are also variable during the first weeks of
life. The normal physiological instability of the newborn is
as varied as all aspects of normal development, such as tone.
Some infants emit long, lusty squalls; others tend to voice
their opinions a bit less noisily but more frequently. There is
no average duration to individual crying spells, although
there is a tendency toward very abrupt starts and stops. New-
borns sleep from 14 to 16 hours per day, or approximately
60% to 70% of the time, and rarely sleep longer than 4.5
hours before waking. In full-term babies, “active” sleep (i.e.,
rapid eye movement [REM] sleep) occupies 45% to 50% of
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TABLE 2.3
PARENTAL DEVELOPMENT 
DURING PREGNANCY

Stage Parental Concerns

First trimester: Ambivalence
Incorporation Anxieties about responsibilities

Second trimester: Recognition of fetus as separate
Differentiation Fantasies/dreams about child

Third trimester: Fears about delivery
Separation Concrete preparations

Source: Howard 1990.
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total sleep time, while indeterminate sleep (passing between
stages) occupies 10% and “quiet” sleep occupies 35% to
45% of total sleep time.

Colic is often one of the first major developmental obsta-
cles that parents and clinicians encounter. Most basically
defined, colic is excessive crying seen in infants who are
otherwise well. Usually agreed-on characteristics include the
Wessel criteria: unexplained fussiness or crying, child is un-
der age 3 months, lasts (cumulative) more than 3 hours per
day, occurs more than 3 days per week, persists longer than
3 weeks. The crying is described as “intense” and lasts for sev-
eral hours at a time, often on a daily basis, occurring in the
late afternoon or evening. Colic starts as a cycle of increased
crying and decreased sleep that leads ultimately to neurobe-
havioral disorganization involving increased tone and
reflexes and poor state regulation. The problem affects
between 9% and 26% of infants, making it one of the most
frequent complaints of parents seeking the help of clinicians
in the first year of a child’s life (Jenkins et al. 1980). Thus, it
is important that clinicians distinguish colic from two
other etiologies of crying in this period: normal crying and
secondary excessive crying resulting from physical illness.

Normal crying was first studied by Brazelton (1962),
who found that in a sample of 80 middle-class infants,
crying lasted about 2 hours per day at 2 weeks, increased to
a peak of almost 3 hours per day by 6 weeks, and then
gradually decreased to about 1 hour per day by 3 months.
Thus, when presented with a baby who by history is crying
excessively, it is important to recall that the amount of
parental concern about crying is not necessarily directly
proportional to the degree of crying, since parents can have
different thresholds of concern. Likewise, the clinician
must evaluate the child for any physical etiology of the
crying, including (1) acute disorders, such as infection,

intestinal cramping with diarrhea, corneal abrasion, or
incarcerated hernia; (2) allergy or lactose intolerance; and
(3) external modifiers, such as open diaper pin, occult skin
burn, or strangulated finger, toe, or penis.

Neurodevelopment in the Newborn
Infancy is a time of rapid neurological growth and devel-
opment. During the fetal period, the development of the
brain, in terms of volume percentage, proceeds in a cau-
docranial direction (Tanner 1970). Therefore, at birth, the
medulla, pons, and spinal cord are more advanced than the
cerebellum. The more advanced development of the former
structures is congruent with the newborn’s developmental
activity, for which complex coordination is not required.
The cerebellum, which is least advanced at birth relative to
other brain and CNS structures, grows rapidly beginning
just before birth and extending through the first year of life.
In response to experience, cortical synaptic connections
increase during infancy, reaching a maximum of about
50% above the adult mean at age 12 to 24 months and
remaining at that level until about age 16 years, at which
time they begin to decrease (pruning) to adult levels
(Huttenlocher 1979). Some of the motor and sensory
milestones of the newborn period are noted in Table 2.4,
and the primitive reflexes are listed in Table 2.5.

Examination of Newborn Behavior
Until a generation ago, a newborn was thought to be little
more than a warm lump of clay that loosely resembled
a miniature human body. Jean Piaget, in The Origins of
Intelligence, referred to the neonate as a “small collection
of somewhat clumsy, unfinished, and isolated reflexes”
(Piaget 1952/1985, p. 17). Research and observation of the
newborn have shown that the newborn is much more than
that. Newborn behavior is commonly classified according
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TABLE 2.4
DEVELOPMENT OF THE NEWBORN (0–3 MONTHS)

Age Motor Communication Cognition

Birth Lifts/turns head in prone position Has mature hearing—prefers human Has mature vestibular senses
Exhibits complete head lag on pull- voice frequencies Has mature touch, taste, smell—prefers sweet

to-sit motion Color vision 20/800
Hand fisted, flexes arms
Is able to track moving object up 

to 180°
1 month Lifts head enough to get chin off Returns parents’ gaze Prefers faces with talking movements

surface in prone position
2 months Lifts head up to 45° in prone Coos in response to voices Becomes excited in anticipation of objects

position Exhibits social smile Coos in response to voices
3 months Grasp reflex disappearing; may Chuckles Recognizes taste/smell of mother’s breasts

voluntarily hold/wave a toy Exhibits vocal-social response Is alert to/consoled by rocking/changes of
Lifts head 90° position
Makes prereach movements with 

fingers/toes
Is able to sit with support
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to six behavioral states or states of alertness (Nugent 1985)
(Table 2.6). The infant’s ability to maintain an alert state
and to move smoothly from one state to another is an im-
portant sign of neurobehavioral integrity (Windmayer and
Field, 1980).

The Neonatal Behavioral Assessment Scale (NBAS)
The NBAS was developed by Brazelton to examine new-
born behavior in a research setting. A clinical tool, the
CLINBAS, has been derived from the NBAS. To conduct the
assessment, a graded series of procedures is carried out that
involves slowly arousing a sleeping infant and then testing
20 reflexes and 26 behavioral responses over 30 to 40 min-
utes and rating them on a 9-point scale (Nugent 1985) (see
Table 2.7 for specific reflexes and behavioral responses).
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TABLE 2.5
REFLEXES

Reflexes Appears/Disappears

Postural Reflexes

1 month/4 months

Primitive Reflexes

Extension phase/Startle persists into adult life
Birth/6 months
Birth/6 months
Birth/2 months

Birth/Becomes voluntary
Birth/Becomes voluntary

Feeding Reflexes

Birth/Become differentiated feeding patterns

Birth/Becomes voluntary

Asymmetric tonic neck reflex: When face is turned to one side, arm and leg on that side
extend

Symmetric tonic neck reflex: When head extends, arms and tongue extend and legs flex;
when head is flexed, arms and legs extend

Moro: When head suddenly drops back, arms and fingers first extend, then flex
Galant: When back is scratched beside the spine, lateral flexion occurs
Grasping: When pressure is placed on palm of hand and sole of foot, infant grasps
Stepping: When held vertically over a surface, infant touches feet to the surface in an

alternating pattern
Uncovering: When eyes are covered with cloth, infant fusses and swipes at it
Leg scraping: When one foot is restrained, infant scrapes that leg with free foot

Rooting and sucking: When the cheek is touched, infant turns head and searches for the 
nipple; when the nipple touches the lips, infant sucks

Cuddling: When held, the infant cuddles up to the chest and grasps at the breast

TABLE 2.6
NEWBORN BEHAVIORAL STATES

Deep sleep Breathing/heart rate regular; eyes closed; 
no spontaneous movement; no rapid eye 
movement; startles may appear

Light sleep More modulated motor activity; irregular 
heart/respiratory rates; rapid eye 
movements present (often called 
REM sleep)

Drowsy/Semialert Eyes may be open or closed; activity levels 
variable

Alert Bright look; minimal motor activity
Fussing Eyes open; considerable motor activity
Active crying Vocalizations and uncoordinated movement

TABLE 2.7
SUMMARY OF REFLEXES AND BEHAVIORAL
RESPONSES ASSESSED ON THE NEONATAL
BEHAVIORAL ASSESSMENT SCALE (NBAS)

Item Task

1 Initial observation of state
2 Habituation to light, rattle, bell, tactile stimulation of the

foot
3 Foot reflexes: plantar, Babinski, and ankle clonus
4 Uncovering, undressing, and placing in supine
5 Passive resistance of arms and legs
6 Rooting and sucking
7 Glabella reflex
8 Hand grasp
9 Pull to sit

10 Placing
11 Primary walking
12 Prone position and crawling
13 Galant reflex and tone assessment
14 Spin and nystagmus
15 Defensive movements
16 Asymmetric tonic neck reflex
17 Moro reflex
18 Cuddliness
19 Irritability, crying, and consolability
20 Orientation to animate and inanimate visual stimuli
21 Orientation to animate and inanimate auditory stimuli
22 Signs of stress: Startles
23 Signs of stress: Tremors
24 Signs of stress: Color change
25 Signs of stability: Hand to mouth
26 Signs of stability: Smiles
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The NBAS assesses four general categories of infant be-
havior: habituation, regulation of states of consciousness,
motor control, and reflexes. Habituation is the capacity of
the newborn to cope with environmental stimuli and is
assessed by evaluating the decrement of behavioral
response to repetitive visual, auditory, or tactile stimuli in
the sleeping infant. Infants usually respond to stimuli, for
example, with startles that diminish with ongoing presen-
tation of the stimuli. Infants who have difficulty habituat-
ing cannot shut out their environments and become
aroused or inconsolable with repeated stimulation. This
can lead to frustration and anxiety for parents.

Regulation of states of consciousness reflects an infant’s
ability to maintain an alert, responsive state and to move
smoothly from one state to another. Infants with a small
range of state, for example, go from sleeping to crying and
back to sleep, with little ability to maintain an alert respon-
sive state. Problems with state regulation are also seen with
lethargic infants or irritable infants (e.g., those who were
exposed to opiates in utero). State control not only reflects
neurobehavioral integrity but is a key contributor to parent-
infant interactions and parental feelings of competency. An
alert, responsive state provides parents with an enhanced
opportunity to interact visually and feel connected with
their infant. Lethargic infants or those with small ranges of
state are difficult to reach, and this leads to some parents
becoming disappointed or frustrated. Irritable infants
provoke feelings of anger or helplessness because of parents’
inability to console them. Some investigators believe that
“reading” and understanding the infant’s regulation of state
is the first developmental task of parenting.

Motor control refers to the smoothness of infants’ move-
ments, reflecting the balance between extensor and flexor
tone, and the frequency and extent of startles and jitteriness.
Smooth movements and minimal startles and jitteriness
typically are indicative of a coordinated infant, whereas the
other extreme raises concerns in the parents about the
infant’s neurological integrity.

Assessment of reflexes provides the neurological context
in which to interpret the behavioral findings. Reflexes have
most clinical significance in the assessment of neurological
integrity when they are absent, asymmetrical, or excessive.
The goal of the NBAS and the CLINBAS is to help parents
identify specific infant behaviors that enable them to
“read” their infants’ behavioral cues and therefore respond
more contingently.

Bonding and Attachment: The Beginning Stages
The terms bonding and attachment describe important pro-
cesses in early infancy by which a unique relationship is
established between infant and caregiver (Klaus and Ken-
nel 1982). These two processes can be distinguished by the
direction of the parent-child relationship: bonding generally
refers to the parent’s relationship to the infant, whereas
attachment generally refers to the infant’s relationship to
the parent. Sensitivity to the importance of early infant

relationships generated the preceding research that pro-
vided information on the potential detrimental effects that
can occur when newborns are separated from their moth-
ers, which was common hospital policy until 25 years ago.
Infants with early and extended contact with their mothers
were more readily accepted and consoled at 4 months by
their mothers. At age 12 months, they showed a significant
increase in positive, compared with negative, behaviors in
the home (Siegal et al. 1980). Among infants of mothers
who were allowed 12 additional hours of contact in the
first 2 days of life, there was a significantly lower incidence
of child abuse or neglect in the 17 months that the children
were followed (O’Connor et al. 1980). However, there has
been no scientific research to support a critical period of
bonding; that is, no evidence that if bonding does not hap-
pen in a specified period of time, such as the newborn pe-
riod, it will not happen.

Later Infancy: “Attachment as a Goal”

Neurodevelopment in Infancy
By 3 months of age, the infant has begun to establish
control over physiological processes and states of alertness.
Although not mobile, the 3-month-old infant is rapidly
developing prerequisites for independent locomotion.
Gross motor development in this stage is characterized by
increasing control of flexor muscles, especially in the lower
back and legs. At the same time, the infant displays in-
creasingly fine control of fingers and hands and inhibition
of generalized movements of the opposite extremity,
which, along with disappearance of the primitive reflexes,
enable him or her to engage in more overtly purposeful
movements.

Attachment
The attachment of the infant to primary caregivers begins
in the first months of life and continues over time, as noted
in the prior discussion. The infant’s actual appearance and
behavior are major determinants of the attachment pro-
cess. For example, with an alert infant who reacts readily to
parents’ faces and responds promptly to consoling maneu-
vers, parents’ positive feelings and sense of competence are
enhanced. Conversely, with a drowsy, relatively hypotonic
infant who provides less satisfying feedback, parents may
feel disappointed when they attempt to gain emotional
satisfaction from him or her.

Attachment theory grew out of ethology, developmental
psychology, and psychoanalysis to provide a model by
which the attachment process could be explained. At the
core of attachment theory is the concept of “internal work-
ing models,” which describe how the infant’s sense of self
and other unfolds through interactions with a primary
caregiver. The motivation for attachment itself, as
explained by Bowlby (1958) and Ainsworth (Ainsworth
and Bell 1970), is the process of learning: the more the
infant seems interested in things, the more he or she wants
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to see. Since human beings are the most interesting phe-
nomena in his or her environment, the infant becomes
most interested in learning more about them. Primary
attachment is also based on the baby’s biological need to
be close to the mother as a means of protection from inter-
nal needs (e.g., hunger, cold, pain, and negative feelings)
and from dangers in the environment.

Infants respond to their primary attachment figures in a
certain pattern. At 3 to 4 months of age, infants smile more
quickly at and are consoled more readily by their primary
attachment figures than by others. At age 9 months, these
infants will cry when their attachment figures leave them,
but not when others leave them. At age 12 to 18 months,
these infants will use their attachment figures as a secure base
to explore new surroundings. They will explore but will
return to their attachment figure periodically, for example,
frequently burying their head into a parent’s lap, a process
that can be understood in terms of a “refueling” metaphor.

A commonly used research paradigm to describe attach-
ment relationships was designed by Mary Ainsworth in the
1970s (Ainsworth and Bell 1970). A mother and infant
(younger than 24 months of age) are together in a strange
environment with age-appropriate toys for the child to
explore. A stranger then enters the room, and the infant’s
response is noted and scored on a scale of behavioral
descriptions. The mother then exits from the room, leaving
the child with the stranger. The infant’s response is then
coded. The mother returns, and the child’s response to the
reunion is observed and scored. The stranger leaves the
room, followed by the mother, and the child is left alone.
The stranger then returns, followed by the mother.
Children are classified on the basis of their response to the
strange situation as exhibiting one of the following
attachment patterns (Ainsworth and Bell 1970)

■ Pattern A: “Anxious/avoidant” attachment (gave the
impression of independence and snubbed mother on
return; are affect sharing)

■ Pattern B: “Secure” attachment (cried on separation, but
greeted mother with pleasure on return, seeking to
restore proximity and contact after the stress of being
away from her)

■ Pattern C: “Anxious/resistant” attachment (were ambiva-
lent; anxious initially and at reunion)

■ Pattern D: “Disorganized” attachment (had variable,
ambiguous response to departure and reunion)

Disorders of primary attachment can have serious implica-
tions for a child’s future development. Avoidant or anx-
iously attached children, for example, are often far less able
to engage in fantasy play than are securely attached chil-
dren, and their play often is characterized by irresolvable
conflict. Some researchers feel that security of attachment
can be an important factor in predicting healthy function-
ing as far into the future as the teenage years (Karen 1990).
Although the quality of attachment can influence the
course of development, it should not be considered as a

fixed attribute in the child’s evolving personality, no more
than temperament is. Changing life circumstances can alter
the quality of attachment, leading to improvement or dete-
rioration, depending on how these changes affect the pri-
mary caretakers’ availability to the child. The major phases
of attachment are summarized in Table 2.8. The general de-
velopment of the infant is summarized in Table 2.9.

The Toddler Years: Emotional and Adaptive
Development to the Forefront

Neurodevelopment in the Toddler Years
Once a child is up on his or her feet and walking, the expe-
riential possibilities (as well as the demands of parent-
hood!) enter a new and more challenging dimension.
Securely attached toddlers usually cope with the develop-
mental tasks of these years with greater ease and compe-
tence than do anxiously attached children. For example,
they are more cooperative with their mothers and more
persistent and enthusiastic in trying to master a develop-
mental task. Securely attached 4-year-old children are often
more comfortable with their peers. As 5-year-olds, they are
able to problem solve and look at challenges from others’
perspectives. At 6 years of age, they are more open-minded
and accepting and face fewer behavioral challenges. In this
way, a secure early attachment provides a solid foundation
by which the child can interact with and learn from the out-
side world.

The life of a toddler is constantly changing. One new
developmental task rapidly builds on the next, and over a
course of weeks, children can learn vast amounts of new
knowledge. For example, a child at 9 months can be crawl-
ing, at 10 1/2 months walking, and by 13 months climbing
up stairs “marking time.” In terms of fine motor develop-
ment, toddlers become increasingly capable of refined
actions both in their play with other children and when
alone, as well as in activities of self-care. Therefore, the
toddler is able to string beads easily in play, as well as to
become toilet trained and brush his or her teeth. Gross
motor development involves balance and coordination
skills. The parenting issues that arise with the child’s
development are primarily those of limit setting, safety,
and the parent’s physical exhaustion.
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TABLE 2.8
PHASES IN THE DEVELOPMENT 
OF ATTACHMENT

Age Phase

0–3 months Undiscriminating social responsiveness
3–8 months Discriminating social responsiveness
7 months–35 months Active initiative in seeking proximity and 

contact
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Successful parents are sensitive to their child’s changing
needs. They are able to be securely bonded to the toddler
and yet sensitive to autonomy strivings, wants, and needs
while at the same time providing clear and firm guidelines.
Parents can encourage this partnership in several ways: by
using a tone of voice that conveys conviction; by appealing
to the toddler’s sense of fairness; by explaining that they,
the parents, are the ones in charge of deciding what to do;
and by having a sense of humor.

Emotional Development of the Toddler
One of the major emotional milestones of the toddler years
is gaining independence, which results largely from attain-
ing mastery motivation. Mastery motivation is a psychologi-
cal force that stimulates a child to attempt independently,
in a focused and persistent manner, to solve a problem or
to master a skill or task that is at least moderately challeng-
ing for him or her (Morgan et al. 1990). Specifically, these
mastery skills are obtained in children ages 15 to 36
months and apply to all domains of behavior. There are
five domains in which mastery motivation plays out in the
emotional life of a toddler: gross motor skills, combinato-
rial skills, means-end skills, social skills, and symbolic
skills. It is this quest for the unknown that drives the
toddler to reach the next developmental milestone.

Toddlers fear that their activities can result in the loss of
parental love. Thus, a primary motivator for much of the
behavior of a toddler is an increase in the love and attention
they receive from their primary caretakers. Unfortunately,
toddlers lack the cognitive insight to recognize which
behaviors result in positive attention and which result in
negative attention. Thus, the majority of discipline tech-
niques that are advocated for use with children of this age
emphasize the child’s innate quest for attention and love.
These techniques emphasize the importance of the amount
and quality of positive contact between parent and child
(called “time-in”). Increasing the amount of parental
attention the child receives and teaching parents strategies
that encourage positive interactions (i.e., active listening,
physical nurturing) are basic tenets of the success of these
discipline techniques (Christopherson 1992).

Separation anxiety is another fear experienced by tod-
dlers. It is often distinguished from stranger anxiety, which
occurs at age 6 to 9 months when the infant has developed
a concrete schema of the primary caregiver’s face and notes
that a stranger’s face is now a discrepant one. Separation
anxiety and protest, which also begin at approximately 9
months of age and wane at about age 18 months, have two
major components. The first occurs when a child is placed
in a strange environment without the primary caretaker
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TABLE 2.9
DEVELOPMENT OF THE INFANT (3–12 MONTHS)

Age Gross Motor Fine Motor Communication Cognition

3 months Rolls over Makes prereach/pointing Initiates cooing conversation Interacts differently with 
Lifts head 45° in motions with adults different people

prone position
4 months Head midline when Bats at objects; may engage Laughs and squeals Associates experiences

pulled to sit in bilateral “hand play”
Can get chest wall well 

up from surface in 
prone position

Lifts head 90° in prone 
position

5 months When prone, “swims” Reaches more with hand Makes raspberries
with arms/legs closer to object, although 

both arms activate
6 months Sits alone Obtains objects by raking Imitates sounds Is attached to adults who 

When standing with both hands equally Babbles in one-consonant take care of him or her
supported, will syllables Looks for falling object at 
bounce place where it came from

9 months Crawls Transfers object from Uses “mama,” “dada” Uncovers object hidden 
Pulls to stand one hand to the other specifically from view
May cruise along Uses radialized raking motion 

furniture for reaching small objects
12 months Most can walk Uses fine pincer grasp with May know one or two words Suits actions to object 

index finger/thumb and responds appropriately qualities (i.e., explores 
to several more other ways besides 

Understands simple command mouthing)
combined with gesture
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and realizes that the primary caretaker is gone. The second
involves the child’s realization that he or she is powerless
in the face of the separation—that he or she cannot “get
to mother.”

The child’s and parent’s responses to everyday experi-
ences of physical separation, such as bedtime, child care,
and parent’s vacations or hospitalization, can vary widely.
In assessing the developmental progress of the child’s
internal process of separation, the clinician should antici-
pate that the child and parent will show mixed feelings
about separations. Appropriate management of a physical
separation depends on its duration and context as well as
on the developmental readiness of both parents and
child. If parents are ambivalent about the separation and
communicate their feelings to their children, there is
greater difficulty in negotiating separation. Parents can
help children master separation by introducing the new
caretakers over time and having small doses of separation
after the initial contact with the new person without
prolonged separation. By the end of the third year, most
children are able to accept the absence of the primary
caregiver and to be sufficiently comforted by a secondary
figure (e.g., child care provider, friend, other family mem-
ber). Parents need to prepare themselves and the child
and to build a mutual confidence that the experience will
be rewarding and the reunion joyous. The process of in-
ternal separation does not end in infancy for either parent
or child, but it must be negotiated repeatedly throughout
the life cycle.

Anger and frustration are prominent emotions in most
toddlers, and thus it is not surprising that somewhere be-
tween ages 24 and 36 months, most children will have
their first (but not their last) temper tantrum. This occurs
most frequently at home because of the combination of
normal autonomy strivings (children want to do every-
thing themselves) and normal developmental limitations
involving gross and fine motor functioning that result in
frustrating experiences. Children who are temperamen-
tally intense respond with a high activity level and high
persistence and have the longest, loudest tantrums, in-
cluding throwing themselves on the floor. As language
development progresses, most children will begin to ver-
balize their frustrations instead of acting them out motor-
ically. Though most tantrums diminish by 3 or 4 years of
age, parents often need guidance both in understanding
the cause of a tantrum and in dealing with the behaviors
exhibited.

Gender differences are evident as early as age 12
months. The toddler has already internalized his or her
gender, based on how he or she interacts and compares
himself or herself with father and mother. The 3-year-old
child can reliably state his or her sex and is entering a
period of intense gender role practicing. Though there are
inherent difficulties in studying the concept of gender
identification, research has shown that boys and girls are
treated similarly by their parents in the first 3 to 4 years

of life. For example, in areas such as warmth, nurturing,
acceptance, restrictiveness, allowing dependency, and
allowing aggression, very young boys and girls do not
seem to be treated differently by their parents (Maccoby
and Jacklin 1980). Boys do seem to receive more physical
punishment. This may be a direct result of differential
levels of aggression in boys and girls that lead to differing
behavior of parents.

Cognition in the Toddler
Children are also exploring in this period the concept of
cause and effect. At the end of the sensorimotor period
described by Piaget, at 2 years of age, the child has decided
that everything happens for a reason and will try to figure
out what that reason might be. For Piaget, during the
preoperational stage, there are two substages that make the
exploration of causality possible: the stage of symbolic
activity and make-believe play and the stage of decentration
(discussed later in this chapter). As a result of symbolic
activity in play, the child becomes able to reason symboli-
cally rather than motorically as he or she had in infancy.
Thus, the child, who as a toddler considered a hairbrush as
serving only one purpose, will transform the brush into a
phone and a bat and a broom, all within seconds!

The child’s reasoning, though, is still limited in two key
ways. The first is that the child’s judgments are dominated
by his or her perceptions of events, objects, and experiences.
The young child cannot take the perspective of another.
This leads to the second limitation, which is that the child
can attend only to one perceptual dimension or attribute
at a time, to the exclusion of all others. The child’s reason-
ing at this stage is often described as transductive, by which
is meant events are related not because of any inherent
cause-and-effect relationship, but simply on the basis of
spatial or temporal contiguity or juxtaposition (Inhelder
and Piaget 1958).

Language Development in the Toddler: A Key to
the World!
The elaboration of language is one of the most striking
developments of the toddler years. Actual language begins
when the brain has matured to two thirds of its full extent.
(The brain has reached about four fifths of its adult weight
by age 3 years [Marshall 1968].) The child progresses in
this brief period from speaking 1 to 2 words at 1 year of
age to having a vocabulary of as many as 500 words, in-
cluding first and last names and his or her own sex, by age
2 years, with the largest explosion of new words between
ages 18 and 24 months. By age 3 years, the child is speak-
ing sentences that average 3 to 4 words in length. Between
the ages of 2 and 4 years, the child has acquired most of
the fundamental rules of grammar. The “why” question
becomes incessant as the child attempts both to learn the
answer to the question and to control the situation with
his or her new-found autonomy. This growth occurs
equally in expressive and receptive language. By 3 years
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of age, a child can follow two- or three-step commands
and can formulate answers to “what if” questions. The de-
velopmental tasks of toddlerhood are summarized in
Table 2.10.

THE PRESCHOOL YEARS: “PRACTICING
INDEPENDENCE”

Neurodevelopment in the Preschool Years

It is in the span from ages 3 to 6 years that children are trans-
formed from still-dependent toddlers to academically ready
6-year-old children. Motor planning continues to develop,
so that complex tasks like “bear walking” can be copied, but
posturing and poor balance during such activities are still
common. Fine motor planning as well becomes more com-
plex, and children are able to copy and complete a circle by
age 3 years, a cross by age 4 years, a box by age 5 years, and
a triangle by age 6 years. Language, which grew at logarith-
mic rates in the previous stage in terms of both reception
and expression, begins to be more refined and complex.

Children begin to understand the semantics (“meaning”) of
language as well as the pragmatics (“mechanics”). The
preschooler still uses language primarily for qualitative
description; quantitative language is still to come.

Cognitive Development in the Preschool Years
In terms of cognitive development, the preschooler is in-
creasingly able to understand the subtleties of categories and
has firmly entered the preoperational stage (i.e., before logical
mental operations) described by Piaget. In the second half of
the preoperational stage, as Piaget described, there is an
intuitive stage, from 4 to 7 years of age. In this stage, there is
an increased accommodation to reality, with progressive
“decentering” from the child’s own interests, perception, and
point of view. Decentering takes place primarily through
socialization, which occurs on entry to school. The child
discovers that what one thinks is not necessarily the same as
what one’s peers think, and so the child learns to take into
consideration the points of view of others.

Children’s conception of illness causation follows a
similar developmental progression, changing from primi-
tive, circular, and egocentric reasoning to more abstract and
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TABLE 2.10
DEVELOPMENT IN THE TODDLER YEARS (12–36 MONTHS)

Age Gross Motor Fine Motor Communication Cognition

12 months Walks with “tip Uses a cup Uses one to two words Practices independence
toddling” Cooperates briefly in Understands gestural Begins having temper

dressing commands tantrums
Plays peek-a-boo,

imitative games
15 months Runs Stacks two blocks Uses four to six words, Experiences separation

Pivots Does free scribbling simple jargon anxiety
Walks backward Uses spoon Understands commands Is self-consoling

without gestures
18 months Walks up stairs with rail Makes stroke on paper Uses 10� words Is capable of

Throws ball Can take off most Uses two-word representational play
clothes combinations and imitates household 

Points to one body part tasks
24 months Jumps with two feet Stacks eight blocks Uses 300 words Tries to figure out how

Stands briefly on one Puts on pieces of Uses noun-verb things work
foot clothing sentences Does pretend play

Kicks ball 25% of speech intelligible
Walks downstairs

two feet/stair
“marking time”

30 months Jumps forward Pulls on pants Uses “I” Can imagine what another
Stands on one foot for child might think/feel

1 second
Pedals tricycle

36 months Alternates feet on stairs Stacks 10 blocks Uses 900 words Role plays
Jumps off bottom step Copies a circle Uses three- to four-word Prefers “gender

Copies three-block sentences appropriate” toys
bridge 75% of speech intelligible Participates in true

cooperative play
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logical views (Perrin and Gerrity 1981). For example, it is
only when a child has mastered concrete operational
thought that he or she could be expected to link isolated
concrete symptoms to other bodily events and thus under-
stand the relationship between, for example, a cough,
runny nose, and fever. This understanding contrasts with
that of a child at the preschool level, who can easily think
that a broken arm is a result of misbehavior.

Play: Window to a Child’s World
Play is an essential occupation of children and becomes
an important way for children to test their reasoning as
well as to learn and master feelings. The preschooler’s play
is quite spontaneous, with the child using a wide range of
feelings and fantasy themes. Play involves the coordina-
tion of the various regulatory systems of the child: neuro-
physiological-biochemical, cognitive-experiential, and
motor-behavioral (Harris 1995). Superheroes often take
center stage in this period. Role playing is highly charac-
teristic, with a rich use of dolls, props, and costumes.
Much of play at this stage is an attempt to copy adults’
behavior and roles, sometimes out of anger, envy, or fear
(Lowe 1975). Occasionally, children’s play can be an
attempt at mastering self-reassurance in stressful situa-
tions, such as when the child imitates big and powerful
roles such as a parent, doctor, or police officer. In this
regard, play can be extremely useful in preparation for a
hospitalization or another stressful event such as parental
remarriage (Perrin and Gerrity 1981).

Emotional Development of the Preschooler
In the classic psychoanalytic model, the years from 3 to 6
encompass the oedipal period, when the child wants the
opposite-sex parent all to himself or herself and even thinks
of eliminating the same-sex parent. The resolution of these
oedipal feelings appears to require some degree of identifi-
cation with the parent of the same sex and internalization
of the good and bad aspects of both parents into the
consolidation of the child’s individual superego.

Although not a distinctly preschool aspect of develop-
ment, but one whose roots lie in this period, moral judgment
is a concept that many theorists have begun to explore in
the preschool years. One theorist of moral development,
Lawrence Kohlberg, has built on the cognitive stages of Pi-
aget. Kohlberg suggests three major levels of development
of moral judgment: premorality, morality of conventional role
conformity, and morality of self-accepted moral principles
(Kohlberg 1967). Further work in defining these levels
identified two types of reasoning in general, each of which
is used to a lesser or greater degree as the child develops.
Type A emphasizes literal interpretation of the rules, and
type B, a more consolidated form, refers to the larger intent
and interpretation of the normative standards (Colby and
Kohlberg 1987). Kohlberg’s theory of moral development
is summarized in Table 2.11. General preschool develop-
ment is summarized in Table 2.12.

Middle Childhood: “Crossing the Threshold”

Neurodevelopment in Middle Childhood
Middle childhood represents a period of consolidation,
when the pieces of earlier development seem to fit together
and function in a smooth, integrated fashion. Gross motor
development of children is fairly complete by age 6 years,
but the degree of stamina and coordination varies. Chil-
dren, however, continue to refine their fine motor and
perceptual skills. Proficiency in fine motor tasks varies
across a wide spectrum, and the child’s particular talents
and weaknesses become most evident in this stage. This
aspect is particularly critical when children enter school
and begin having difficulties. Coordinated motor skills that
become evident between ages 5 and 12 years include heel-
toe walking, performance of rapid, alternating movements,
simultaneous sensory stimulation, and performance of
crossed commands (e.g., “Put your right hand on your left
knee”). Failure to perform one or more of these tasks at
certain ages can be associated with the child’s difficulty in
performing school-related tasks such as reading or writing
(Mclnerny 1995).

Cognitive Development in Middle Childhood
Children’s cognitive functioning becomes increasingly
complex in middle childhood, and more mature ways of
using moral judgment are possible. A child moves from the
“law-abiding” morality of the first grader to the more
sophisticated perception that rules are necessary to main-
tain social order. For example, the first grader who needed
to focus on the head of the child in front of him to stay in
line now becomes the fifth grader who understands that in
a fire drill, orderly exit is key to survival. In this period,
there is an increased capacity for more complex thought in
other cognitive processes in addition to morality.
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TABLE 2.11
KOHLBERG’S STAGES OF MORAL REASONING

Stage 1 Punishment and obedience orientation (i.e.,
obedience to parent’s superior force)

Stage 2 Naive instrumental relativistic hedonism (i.e.,
agreement to obey only in return for reward)

Stage 3 Conventional morality: good-boy morality of
maintaining good relations/approval of others
(i.e., conformity to rules in order to please and
gain approval)

Stage 4 Social order: authority maintaining morality
(i.e., adherence to the rules for the sake of
maintaining social order)

Stage 5 Morality of social contract of individual rights
(i.e., reliance on legalistic “social contract”)

Stage 6 Morality of individual principles of conscience
(i.e., voluntary compliance based on ethical
principles)
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Piaget termed this stage the concrete operations period.
This period, which begins at age 6 to 7 years, has two
outstanding characteristics: acquisition of (1) the ability
for “reversible operations” (i.e., the child can reason that
6 � 4 � 10 but also that 10 � 6 � 4) and (2) the ability
to perceive two or more variables at the same time (i.e.,
the child can understand “conservation of volume”). An
example of the logic involved in the latter is the classic ex-
periment of the two beakers: A child is first asked to make
sure that the amount of water in two identical beakers is
the same. Water from one of the beakers is then trans-
ferred into a tall, thin cylinder, and the child is asked, “Is
the amount of water the same?” A child who is in the pre-
operational stage will say no and then, if asked to explain,
the child will say that the taller beaker has more because
it is higher. A child in the concrete operations period, hav-
ing mastered the concept of conservation, will say that the
amount of water is the same. Gradually, the thought pro-
cesses of a child in this stage become increasingly orga-
nized into a complex network through which he or she
can confront and systematically respond to the surround-
ing world.

School Entry and the “World Outside”
At 6 years of age, children officially leave the “family circle”
and formally enter the world of peers and school. This
world becomes the arena for their development and is best
summarized by a character from the television show The
Wonder Years who stated, “Who you are in sixth grade is
who the other sixth graders say you are.”

It is likewise important to emphasize the pivotal role of
sixth grade in a child’s development. Most students in sixth
grade are 11 years old, physically and emotionally on
the brink of puberty. A wide range of body types is evident.
The combination of hormonal changes and the tumultuous
nature of entering junior high school makes the sixth

grade a safety net for the transition between the worlds of
childhood and adolescence. Friendships switch rapidly, and
these switches of loyalty are experiments in social skills.
Children often have an increased body awareness in this
stage and thus may present with a steady litany of somatic
complaints, especially following stressful experiences. Sexual
development begins in this stage, with children exploring
how their bodies function. Fears are particularly common in
this stage, as a whole new outside world opens up to the
child. This is particularly true in school systems where sixth
grade marks the passage into junior high school. These range
from concrete fears of monsters and ghosts in the earlier
years to fears of robbers and child abductors in the later
years. Correlated with the child’s widening experience of
the outside world is the large role played by peer pressure.
At the same time, the demands of school and academics
loom increasingly larger in a child’s world.

Learning and School Failure
All children want to be successful in the academic arena,
although their motivation and anxiety level are profoundly
influenced by their family expectations. Key elements to
success in academics are self-expression and self-esteem,
characteristics that are vital to developmental success in
middle childhood. In learning, an individual adapts present
behavior to the results of previous interactions with the
environment. Adequate perception, memory, attention, and
motivation are all necessary for learning. Higher cognition is
composed of a range of complex “thinking skills.” Included
in this category of neurodevelopmental function are concept
acquisition, problem-solving skill, critical thinking, brain-
storming (including creativity), metacognition, and rule
recognition and application (Levine 1992).

Children with problems in any of these areas may pre-
sent with difficulties in learning. Perhaps the single most
common problem found in school-age children who come
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TABLE 2.12
DEVELOPMENT IN THE PRESCHOOL YEARS

Age Gross Motor Fine Motor Communication Cognition

3 years Rides tricycle Draws circle Uses prepositions/pronouns Dresses with supervision
Draws person with Often stutters

two facial features
4 years Steers well Draws square Understands size concepts Understands the rules of

Hops Constructs five-block train Makes novel grammatical social interaction but may
Puts clothes on correctly errors not always observe them

Enjoys rhyme and wordplay
5 years Skips Draws triangle Follows three commands Can compare different

Copies five-block gate objects but still only one
Spreads with knife feature at a time

6 years Rides bicycle Draws Union Jack Understands passive voice Understands that dreams
Walks sideways Copies 10-block steps Understands double are not “real”

Ties bow negatives
Understands the subjunctive
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to mental health attention or to pediatric clinics is some
form of school learning difficulty, often a reading disability
(Rutter 1974). Estimates of the number of children receiv-
ing some degree of specialized educational assistance range
from 10% to 15% of the school-age population (Mclnerny
1995). School failure has numerous etiologies, including
the following:

■ Mental retardation
■ Learning disability
■ Attention-deficit/hyperactivity disorder
■ Emotional disturbance
■ Chronic illness

The precise definition of learning disability is likewise diffi-
cult to agree on. Most clinicians agree that a discrepancy of
2 or more years between actual achievement and the child’s
developmental age constitutes a learning disability, but
even this standard is not universally accepted. Others pre-
fer to use a span of greater than 15 points between the
verbal and performance portions of a standardized test.
Regardless of the criteria used, a learning disability presents
significant challenges to a child’s sense of success and self-
esteem. It is critical to the success of any intervention that
the appropriate etiology be sought for school failure. The
medical workup for school failure must include a search for
the cause of the learning problem(s), including internal
factors such as heredity, developmental variations, medical
problems (e.g., hypo- or hyperthyroidism, depression,
hearing or visual impairment), chromosomal disorders,
and prenatal and perinatal insults to the developing CNS,
as well as prematurity. External factors include language
dysfunction, sociocultural deprivation, prenatal and post-
natal toxins, and CNS infections and trauma.

Evaluation of the child must include a thorough physi-
cal examination and history. The history must include past
and present school performance, as well as pertinent med-
ical history, including any current or past medications.
Formal tests that should be part of the evaluation include
cognitive testing (e.g., overall IQ score), tests of perception
and visual-motor skills (e.g., Bender Visual Motor Gestalt
[Bender 1938]), achievement tests (e.g., Wide Range
Achievement Test—Revised [Jastak and Wilkinson 1981]),
and tests of adaptive behavior (e.g., Vineland Adaptive
Behavior Scales [Sparrow et al. 1984]).

Social Development in Middle Childhood
A common phenomenon in middle childhood is labeling.
Years ago, childhood labels, such as “bully” or “clown,”
were dismissed as funny and harmless, with their use
considered a rite of passage not unlike fraternity hazing.
Unfortunately, though, research has shown that labels can
become self-fulfilling prophecies. Labeling in its purest
form is a natural and necessary human behavior similar to
verbal categorization. However, a label impedes a child’s
development when it closes off other possibilities, and it
has the potential to become a self-fulfilling prophecy.

Labeling often intensifies when children begin school; la-
bels such as “bookworm,” “class clown,” “little princess,”
“nerd,” and “mental” often peg children into slots from
which it is difficult to escape. Misleading labels can draw at-
tention away from real problems, which can then go undi-
agnosed, such as with the child called “shy” who is actually
hearing impaired. Parents, teachers, and other involved
adults need to help children recognize that the world is full
of possibilities and that being “different” is not wrong. The
major developmental tasks of middle childhood are sum-
marized in Table 2.13.

Adolescence: “Growing Into Maturity”

Stages in Adolescence
Adolescence, which is felt by many to be the healthiest and
yet most challenging phase of development, is often classi-
fied into three stages of development: early (12 to 14
years), middle (15 to 17 years), and late (18 years and
older). Unlike the earlier phases of development, to which
one could easily assign milestones across the four develop-
mental lines (motor, communication, cognition, and
social/emotional), adolescence is a period of integration
and enhancement of earlier skills. The major domain of
growth involves social and psychological development and
behavior. Common issues across all stages of adolescence
include identity formation, autonomy, achievement, and
intimacy. A common definition of the end point of adoles-
cence is the achievement of an adult work role, though in
current societies where advanced training can postpone
this several years, this definition might be irrelevant.

Physical Development and Neurodevelopment in
Adolescence
The onset of adolescence, which more or less coincides
with the onset of puberty, is influenced by the physical
changes associated with puberty. Puberty starts in girls at
about 10 years of age and in boys at about age 12 years
(Marshall and Tanner 1969). There has been a downward
trend over the past 150 years in the average age at menar-
che of about 2.3 months per decade, with the most recent
average at 12.7 years (Sizonenko 1987) and when stratified
by race, 12.16 for African-American girls and 12.88 for
White girls (Herman-Giddens et al. 1997). Hence, cogni-
tive or emotional age can be at variance with chronological
age during adolescence.

The early adolescent faces new, preemptive challenges
when adjusting to the following: (1) the physical changes
of puberty, (2) entry into a new social system (namely,
high school), and (3) sudden entry into a new role status
(i.e., as “teenager”), with all the social challenges that im-
poses (Hamburg 1974). Obviously, the challenge of each
of these areas is formidable in its own right. Additional
stress occurs from the superimposition of these challenges
at a time when the child’s physical being is also rapidly
changing (Carnegie Quarterly 1986).

Chapter 2: Normal Childhood Growth and Development 45

75191_ch02.qxd  9/12/05  21:00  Page 45



Cognitive Development in Adolescence
Cognitive development during adolescence is character-
ized by a widening scope of intellectual activity, increased
awareness, and development of a capacity for insight.
During adolescence, there is a transition from concrete
to abstract thought, the latter defined by Piaget as “for-
mal operations.” In the formal operational period, the
adolescent is able to grasp highly abstract concepts (e.g.,
infinity) and to reason logically from hypotheses (e.g.,
generate all possible hypotheses that may apply during a
biological experiment) (Inhelder and Piaget 1958). Even
with these changes, the egocentrism of middle childhood
remains, but in the early adolescent it takes on a new
form: the early adolescent is convinced that other people
are as obsessed as he or she is with his or her own behav-
ior and appearance. By 15 to 16 years of age, many ado-
lescents have undergone enough reality testing to be able
to perceive situations both logically and realistically. It is
at this age that the adolescent risk taker starts to be able to
weigh choices and visualize consequences more readily.
It is after this stage has been accomplished that primary
prevention programs that rely on cognitive insight into
consequences can be successful.

Socialization in Adolescence
In all cultures, adolescence is a phase of development
marked by rites of passage, with the major developmental
goal being socialized behavior in order to support the con-
tinuation of the culture. The process of individuation and
separation from family, which plays such a prominent role
in the development of an adolescent in Western society, is
not universal. In cultures where adolescents are needed to
do adult work to support the family, the period of initia-
tion is short, and the identification as adult is based on fa-
milial tradition and responsibility. In contrast, in societies
where adolescence can be protracted because of prolonged
dependence on parents for support—for example, to
finance the completion of advanced education—the attain-
ing of adult responsibility can be more philosophical than
realistic.

The role of peer relationships in the life of an adolescent
cannot be overemphasized. What began in middle child-
hood as a new arena to test skills becomes an all-
encompassing and ruling domain of “peer definition” of
self. For early adolescents, the peer group generally consists
of members of the same sex. Boys usually belong to a group
of friends from childhood, and girls have two or three best
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TABLE 2.13
DEVELOPMENT IN MIDDLE CHILDHOOD

Age Gross Motor Fine Motor Communication Cognition

6 years Able to broad jump Writes, eats neatly Verbalizes emotions Preoperational thinking:
smoothly Copies square touching Can follow three serial Is not yet able to

Hops on one foot a circle commands engage in true mental
Ties shoe Uses dependent clauses operations, has difficulty
Reverses some letters keeping more than one

aspect of a problem in
mind at a time

7 years Is able to run at least Draws three interlocking Understands passive Concrete operational
4 yards circles voice thinking: Begins to

Begins to learn complex Knows right/left Articulates clearly consider multiple
motor tasks features simultaneously;

has internalized mental
actions that fit into
logical system

8 years Is more adept at specific Draws vertical diamond Reasons with increasing
sport skills (e.g., batting, Cuts with knife exactness or
kicking) quantitativeness

9 years Is able to throw a ball Draws circle made of Masters irregular verbs Is increasingly able to
overhand at least 6 feet eight dots place things in sequence

10 years Has more strength Draws cube
Has good eye-hand

coordination
11–12 years Gender differences in Formal operational

sport skills/interactions thinking: Is able to
apparent consider theoretical

Has much-increased possibilities
strength, endurance, and
coordination
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friends. These unisexual groups provide a safe haven for
early adolescents to test out ideas. In middle adolescence,
close peer group relationships are expanded to include
heterosexual friendships; this marks the beginning of dat-
ing. In late adolescence, individual relationships assume
increasing importance, in many cases overriding the peer
group. It is often through both the group and individual
relationships that adolescents cement and define their
gender identity.

Emotional Development of the Adolescent
One cannot ignore the impact of psychological issues—in
particular, the role of fluctuating moods and that of risk
taking as developmental markers—on the adolescent’s
development.
Adolescence is a period of development characterized by
fluctuating moods and periods of intermittent euphoria
and dysphoria. This cycle is a normal part of emotional de-
velopment in adolescence but can be trying for the individ-
ual and the family. Recently several health issues have
taken on increased significance in adolescents, specifically
their weight. The percentage of overweight adolescents age
12 to 19 years has increased from 5% in 1970 to 14% in
1999. (Centers for Disease Control and Prevention 1999).

The view that risk taking is an integral aspect of adoles-
cent life is supported by statistics. More than half (57%) of
adolescents have tried cigarettes by the 12th grade, and
27% of current 12th graders are smokers (Grunbaum et al.
2002). Alcohol is the most commonly used psychoactive
substance during adolescence. In 2002, 20% of 8th graders,
35% of 10th graders and 49% of 12th graders admitted to
drinking an alcoholic beverage in the 30 days prior to the
survey (Johnston et al. 2003). Marijuana is the most com-
monly used illicit substance; in 2001, 23% of high school
students reported using marijuana in the past 30 days
(Grunbaum et al. 2002). Sexual activity and identity is a
major issue in adolescence. In 2001, 46% of high school
students reported that they had been sexually active (Grun-
baum et al. 2002). Of the 33% of currently sexually active
teenagers in 2001, 58% reported that their partner had
used a condom in their last sexual encounter. On a positive
note, teenage pregnancy decreased 27% between 1990 and
1999 for girls 15 to 19 years of age (Child Trends 2002).

Risk taking, in essence, defines adolescence and varies
throughout the early, middle, and late stages. Much as in
the progressive cognitive development of the toddler, early
adolescents take risks to test the relation of themselves to
their families and peers. Like younger children, they move
out from a secure base but require frequent check-ins to
reaffirm their place in society. Middle adolescents, who
cognitively are now capable of abstract reasoning, are able,
often for the first time, to visualize the consequences of
their risks, and for that reason preventive education may be
successful at this age. Because all teenagers spend most of
their time in one of three spheres—school, family, or
friends—much information can be gained by evaluating

the adolescent’s functioning in each of these areas. It is
important to remember that risk taking, at its essence, is
often a positive and sustaining characteristic of adolescent
development. The tasks of social and psychological devel-
opment in adolescence are summarized in Table 2.14.
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Neurology has traditionally claimed the domain of dis-
eases that have a structural or anatomical correlate and can
be defined in neuropathological terms. The time-honored
clinical pathological correlation has been the gold standard
with the utility and validity of the neurological examina-
tion and diagnostic tests being measured against the neu-
ropathological examination. Psychiatry grew from medical
science’s inability to account for mental illnesses that
lacked a demonstrable pathological correlate and as a result
the mind-brain dichotomy evolved with the mind becom-
ing the providence of psychiatry. The psychiatrist’s diag-
nostic tools became the patient’s history and the mental
status examination with a combination of symptom com-
plexes used to define disease states. With the tools of func-
tional neuroimaging and genetic-molecular neurobiology,
the potential for narrowing the brain-mind divide is ever
increasing (Price et al. 2000). The common ground of neu-
ropsychiatry is the remerging of the two disciplines to ex-
plain behavior in terms of cortical and subcortical function.

The clinical neuropsychiatric assessment is a blend of the
diagnostic strengths of traditional neurology with those of
psychiatry. This chapter focuses on assessing children as op-
posed to adults, comparing and contrasting the adult versus
the child examination when appropriate. The emphasis is
on how the examination is used for anatomical localization.

The history plus the examination become the diagnostic
foundation for determining etiology and the basis for ex-
tending the diagnostic process with the tools of appropriate
formal neuropsychiatric and neurodiagnostic tests.

ADULT VERSUS CHILD, DIFFERENCES
AND COMMON GROUND

To begin with, it is helpful to compare and contrast the dif-
ferences between the child and the adult brain. One of the
immediate and obvious differences is that of growth and
development. The term infant’s brain weighs about 400
grams, while the adult brain weighs about 1400 grams. The
increase in the size of the neurons, the elaboration and pro-
liferation of dendritic and axonal processes and connec-
tions, along with myelination accounts for most of this
growth. These changes are reflected in the increased
metabolic activity and the more widespread activation of
the cortex for attention and language tasks in children
(Casey 1997; Gaillard 2000). Myelination is reflected by
the acquisition of motor and cognitive milestones with the
last axonal pathways being myelinated in adolescence and
young adulthood.
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Understanding these developmental aspects of the brain
is important in assessing the child clinically. It is essential to
tailor the neuropsychiatric examination to the age and de-
velopmental level of the child. It is also essential to interpret
the findings in the context of developmental expectations
for that age of child. The examination of the newborn is dif-
ferent than the examination of a 3-month-old or 12-month-
old infant. If the 12-month-old has the motor and behavior
responses of a 3-month-old, then there is significant neu-
rodevelopmental disease. Because of the developmental as-
pects of brain function, the level of maturity of the brain also
affects the expression of disease. An infarction of the left
middle cerebral artery in the adult will produce a right hemi-
paresis. The same infarct in a neonate will present with
right-sided focal seizures without any signs of hemiparesis
because the motor control of the newborn is predominantly
brainstem in nature and lacks cortical modulation. The mo-
tor expression of the infarct will not be manifested until at
least 4 to 5 months of age. The nature of the infarct has not
changed; rather the maturation of the brain has now
reached a level where that deficit becomes apparent.

The spectrum of diseases that are seen in children are dif-
ferent than in adults. C. Miller Fisher stated the house offi-
cer and student learns neurology “stroke by stroke” (Adams
et al. 1997). The incidence of cerebrovascular disease in
adults is between 100 to 300/100,000 per year (Chung
2003) compared to 2.7/100,000 per year in children (Brod-
erick et al. 1993). So stroke, although important, is not the
mainstay of pediatric neurology practice. Focal lesions, de-
generative disease, and the effect of lifestyle and aging are
predominant in the adult spectrum of neurological disease
while diffuse disease processes, congenital, infectious, and
metabolic diseases are predominant in children. Seizure
disorders, on the other hand, are a common neurological
problem for both adults and children.

Although there are differences between adult and child
neuropsychiatry, there is fundamental common ground.
The temporal profile of the basic pathological disease pro-
cesses is the same. The first diagnostic task for both is re-
gional or anatomical localization. The second task is using
the temporal profile to identify the disease process. For the
child, a third task must be added and that is to take into 
account neurodevelopment and its affect on the expression
of brain function or dysfunction. An emerging fourth task
that is impacting both adult and child neurology is the
molecular-genetic understanding of disease. The challenge
at this level will be to correlate molecular/genetic defects
with phenotypic disease realizing that one genotype does
not always equal one phenotype.

THE DIAGNOSTIC PROCESS

The first step in approaching the diagnosis in a patient with
suspected neuropsychiatric disease is regional or anatomical
localization of the lesion. Where in the nervous system is the

lesion? Is the lesion focal or diffuse? Both the history and the
examination are essential in this process. The second step is
to recognize or identify signs or symptoms and laboratory or
imaging findings that are specific, demand explanation, and
quickly focus attention on a specific diagnosis (Weiner,
1986). For example, in a patient with tremor, ataxia, dysto-
nia, and psychosis, the finding of a Kayser-Fleischer ring
leads to the correct diagnosis of Wilson’s disease. Similarly,
identification of a cherry red spot on funduscopic exam nar-
rows the diagnostic considerations to just a few diseases.

HISTORY

The patient comes to the physician because of a problem—
something is wrong and is causing distress, discomfort, or
dysfunction. The physician’s task is to take the complaint of
the patient and work backward to the cause of the problem.
To do this, the physician listens to the patient’s story, con-
structs a timeline or temporal profile of the problem, and se-
lects those elements of the story that are essential clues or
parts of the puzzle of “What’s wrong with me?” The prob-
lem or complaint does not occur as an island unto itself but
must be considered in the context or the landscape of the pa-
tient’s past medical history, social history, and family his-
tory. Only when the essential elements of the present illness
are considered in the context of the patient’s overall history
can a complete and accurate picture be pieced together,
which allows the physician to identify a probable cause (a
diagnosis) or generate a list of possible causes (a differential
diagnosis). By the time the history portion of the patient en-
counter is completed, the physician should be well on the
way to understanding the patient’s problem and formulat-
ing a hypothesis, which the physical examination and ap-
propriate diagnostic tests will confirm or negate. The nature
of neuropsychiatric problems necessitates a complete and
accurate history as a foundation for a diagnosis.

TEMPORAL PROFILE AND
NEUROPSYCHIATRIC DISEASE

Constructing a temporal profile of the patient’s complaint
is essential in arriving at a correct diagnosis. Basic patholo-
gies have certain temporal profiles, and the temporal profile
is often the key to the diagnosis. Multiple different patho-
logical processes can cause weakness of the right side of the
body from an upper motor lesion. If the temporal profile of
the deficit is acute it is most likely a vascular event or stroke,
if subacute it could be an infectious or immune process, or
if chronic then a neoplastic process. The temporal profile
can be conceptualized as a graph (Fig. 3.1). Function can be
plotted over time. The patient’s baseline function is defined
by the patient’s past medical history, family and social his-
tory, and review of systems. The point of departure from the
baseline function is the onset of the chief complaint. The
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signs and symptoms of the chief complaint usually have one
of four temporal profiles: acute (seconds, minutes, hours),
subacute (hours, days), chronic (days, months), or parox-
ysmal (episodes of symptoms/signs with return to baseline
function). Most diseases of the nervous system are due to
one of ten types of pathology. Each one of these pathologies
has a usual or typical temporal profile (Benarroch, 1999)
(Table 3.1). These pathologies can also be considered in
light of their location, whether they affect the nervous
system focally or diffusely and whether or not they have a
progressive or nonprogressive course (Table 3.2).

CHIEF COMPLAINT AND 
PRESENT ILLNESS

At the beginning of a patient encounter, the first question
that should be asked is “In your own words, what is it that

brings you to see me today?” The reply is recorded as the
chief complaint. Listen carefully to the story, interrupting
only if clarification is needed. Because the patient is a
child, it is tempting to skip over the child and obtain the
history from the parent. Most of the history will be from
the parent, but it is important to circle back to the child
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Figure 3.1 Temporal profile of
diseases affecting the brain.

TABLE 3.1
TYPICAL TEMPORAL PROFILE OF PATHOLOGIES
AFFECTING THE BRAIN

Acute Subacute Chronic Paroxysmal
Hypoxic Inflammatory/ Congenital Seizure

Infectious
Vascular Immune Degenerative Vascular/

Syncope
Trauma Toxic/Metabolic Neoplastic Pain/

Headache

TABLE 3.2
LOCALIZATION AND COURSE OF BASIC BRAIN
PATHOLOGIES

Acute

Vascular-focal or diffuse
Hypoxic-diffuse
Trauma-focal or diffuse, progressive

Subacute

Inflammatory/Infectious-focal or diffuse, progressive
Immune-focal or diffuse, progressive
Toxic/Metabolic-diffuse, progressive

Chronic

Congenital-focal or diffuse
Degenerative-diffuse, progressive
Neoplastic-focal, progressive

Paroxysmal

Seizure-focal or diffuse
Vascular/Syncope-diffuse
Pain/Headache-focal or diffuse
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and if the child is able, have him or her describe what has
happened and what he or she is experiencing. The physi-
cian then asks directed questions to fully characterize the
chief complaint and present illness. Because the temporal
profile is so important for a diagnosis, the physician must
be able to reconstruct from the history an accurate and de-
tailed timeline of the symptoms. The physician should
seek other characteristics of the symptoms, such as impact
on activities of daily living, aggravating and alleviating
factors, progression and relationship of symptoms, associ-
ated complaints, previous diagnostic studies, and treat-
ments and their effects. Because neuropsychological
problems are typically chronic in nature, one important
question to ask the parents is “Is there anything that your
child used to do that he cannot do now?” This question is
helpful in determining if the disease process is static, such
as in cerebral palsy, or progressive, such as in one of the
neurodegenerative diseases.

PAST MEDICAL HISTORY

For a child, the past medical history starts with a review of
the mother’s pregnancy, labor, and delivery. It is impor-
tant to ask if there was any exposure to alcohol, smoking,
and drugs during the pregnancy. Complications of the
pregnancy and information about fetal movement and re-
sults of fetal ultrasound or any diagnostic tests should be
noted. Specific questions should be asked about the labor,
delivery, and nursery course of the baby. It is not uncom-
mon for parents to attribute the baby’s neurodevelop-
mental problems to a difficult delivery. If the patient did
not have any neurological symptoms or signs during the
nursery course, but fed well and went home with the
mother at the usual time, then the parents can be reas-
sured that the child’s problems were not a result of
perinatal events (Volpe 2001).

A developmental history should be obtained next. The
physician should have a checklist of developmental mile-
stones that either the parent goes through and indicates
attainment of milestones or that the physician verbally ob-
tains from the parent. Typically, developmental milestones
can be divided into personal-social, language, fine motor,
and gross motor skills. Standardized references and tests
such as the Denver II or Infant-Toddler Checklist, have
been developed and can be used or adapted for screening
purposes. The failure of the child to obtain developmental
milestones as well as the pattern of developmental delay
are important diagnostic clues.

Included in the medical history should be any hospi-
talizations, surgeries, significant illnesses, trauma (espe-
cially head injuries), medications, and allergies. Most of
this information can be obtained by having the parent fill
out a new patient history form, which the physician
reviews with the parent during the visit for any needed
clarifications.

FAMILY HISTORY

Because genetic disease has such an important impact on a
child’s health and can be key to making a diagnosis, this
part of the history should be explored in detail. It is impor-
tant to understand the health and medical problems of the
parents and the siblings. The family history is frequently
unknown or, due to circumstances such as adoption, can be
limited; these limitations should be noted. Constructing a
family tree or pedigree chart with ages, medical conditions,
and deaths is essential when genetic disease is a possibility
for the patient. A review of possible neurological and psy-
chiatric illnesses in the family is particularly important to
emphasize. A questionnaire that the parent fills out prior to
the clinic visit can facilitate this and be used to further
explore diseases that occur in the family (Table 3.3).

SOCIAL HISTORY

The patient’s social history should include an understand-
ing of the patient’s family constellation and home setting as
well as the preschool and school function. This history is the
physician’s opportunity to gain insight into the child’s be-
havior and adaptation in the important realms of the child’s
life. Although the parents are the primary source for this in-
formation, day care, preschool, school, or special education
provider assessments and evaluations are important to
obtain and review. The patient’s grade level and academic
performance should be noted. The results of any formal
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TABLE 3.3
FAMILY HISTORY QUESTIONNAIRE

Mother, Father, and Siblings: age, health problems
Is there anyone in the family with the following conditions and

what is their relationship with the patient?
Seizures
Mental retardation
Cerebral palsy
Learning problems
Headaches
Fainting
Deafness
Blindness
Muscle disease
Stroke
Ataxia
Tics
Birthmarks (neurocutaneous syndromes)
Degenerative neurological diseases
Depression
Schizophrenia
Attention deficit disorder
Anxiety disorder
Substance abuse and alcoholism
Anyone with the same or similar problem as the patient

75191_ch03.qxd  8/29/05  17:29  Page 52



psychological or psychometric testing should be reviewed.
This is the time to review if there are any comorbid psycho-
logical problems such as conduct, anxiety, attention, affect,
psychotic, or compulsive disorders. Any unusual environ-
mental exposures should be noted and identified.

REVIEW OF SYSTEMS

The review of systems provides the physician with one last
chance to make sure that he or she has not missed impor-
tant elements of the history. It can be done quickly, but
should include all major organ systems with the neurolog-
ical and psychiatric systems review being expanded. It is
surprising how often important pieces of information are
forgotten or ignored by the family, and this last review will
sometimes jog their memory. A checklist can facilitate a
rapid but complete review.

NEUROLOGICAL EXAMINATION

As stated previously, the first step in neuropsychiatric prob-
lem solving is anatomical or regional diagnosis. The neuro-
logical examination is the physician’s window to the brain.
If the examination is approached in a systematic and logical
fashion that is organized in terms of anatomical levels and
systems, the physician can establish where in the nervous
system the problem is. In a sense, the physician can think of
the neuraxis in terms of an “x, y graph” (Larsen 2001) (Fig.
3.2). The vertical location of the lesion on the graph can be
determined by examining the cortex (mental status exami-
nation and neuropsychological examinations), brainstem
(cranial nerve examination), cerebellum (coordination ex-
amination), and spinal cord and peripheral nerve (motor
and sensory examinations). Because the motor and sensory
examinations test the function of crossed descending and
ascending tracts that connect the cortex to or from the pe-
riphery, these parts of the neurological examination are very
helpful, in combination with the other elements of the ex-
amination, to determine not only the level of the lesion or
disease but also the horizontal (right, left, or midline) loca-
tion. Cranial nerve and cerebellar findings are also impor-
tant in determining right versus left location in the neuraxis.
Because of cerebral hemisphere dominance and cortical
functional location, parts of the mental status examination
also help in determining anatomical localization at the cere-
bral hemisphere level. For example, if the patient has a right
hemiparesis plus an expressive aphasia, then the lesion
would be localized to the cerebral hemispheres because of
the combination of a language deficit plus the motor deficit.
If a patient presents with a right hemiparesis plus diplopia
from a left third cranial nerve palsy, the only place that the
lesion can be located in the neuraxis is at the level of the
midbrain, on the left side where the corticospinal tract and
the third cranial nerve are in close proximity.

For children, regional or anatomical localization is the
basis of neurological assessment; however, it is not suffi-
cient. The examination and the interpretation of the
examination must be couched in the context of neurode-
velopmental milestones. As mentioned previously, the
assessment of the acquisition of motor and cognitive
milestones is an essential part of the neurological exami-
nation. Delay in obtaining developmental milestones and
abnormal patterns of development are important indica-
tors of underlying neurological disease.

NEUROLOGICAL EXAMINATION 
IN CHILDREN

Because the infant and child are unable to fully cooperate
for the standard neurological examination, the examina-
tion must be tailored to their developmental level and
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Figure 3.2 Neuraxis and the neurological examination in terms
of an “x, y graph.”
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temperament (Larsen 2003). The first part of the exami-
nation requires the physician to stop, look, and listen. More
can be learned about the child’s neurological status by ini-
tial hands-off careful observation than by forcing the child
to conform to the physician’s set pattern of performing
the neurological examination. By watching a baby’s spon-
taneous activity, a great deal can be determined about
mental status, cranial nerve function, coordination, and
motor status.

The second part of the examination is the hands-on part,
which extends and further clarifies the physician’s initial
observations. For this part of the examination, make it into
a game that engages the child’s curiosity and imagination.
The examination is less threatening and the child is much
more cooperative when toys are used and the examination
tools are turned into inviting play objects. For example, use
a finger puppet for coordination testing and turn the reflex
hammer into an imaginary horse when testing deep tendon
reflexes.

The third and last part of the examination includes all
those things that are the most threatening and unsettling
for the child such as undressing the child for a complete
body examination, looking at the fundus with an ophthal-
moscope, using the otoscope, testing the gag reflex, or mea-
suring the head circumference.

ELEMENTS OF THE MENTAL 
STATUS EXAMINATION

The purpose of the mental status examination is to examine
the function of the cerebral cortex. Because the behavior
that is produced by the cortex is dependent on the
developmental level of the child, the mental status exami-
nation must be directed by age-appropriate expectations.
For the newborn, the mental status examination consists
mainly of observations of the baby’s alertness, sleep-wake
changes, temperament, and ability to adapt and react to en-
vironmental stimuli (Brazelton 1973). The exam is heavily
weighted in reflex behavior. By age 2 to 3 months, a social
smile develops and the baby is more socially interactive. At
age 6 months, the baby laughs, coos, jabbers, is socially en-
gaging, and is inquisitive. By 12 months of age, the infant
has developed stranger anxiety, indicates wants, plays sim-
ple games, and has a few meaningful words. As the child
becomes verbal, more detailed testing can explore other do-
mains of cortical function. With the preschool and school-
aged child, the elements of the traditional psychiatric and
neurological mental status examination can be used. Ob-
servation of the child’s behavior is the main tool of the
exam. The mental status examination includes observation
of the child’s appearance, mood, affect, thought processes,
and content. In addition to these areas of behavior, the men-
tal status examination should explore the cognitive do-
mains of attention, executive function, language, memory,
and visuospatial function (Guy 2003). These cognitive

domains allow functional examination of various regions of
the cerebral cortex. Attention and executive function are pre-
dominantly frontal lobe functions. Language can be divided
into receptive areas in the posterior temporal-inferior pari-
etal lobes and expressive areas in the inferior frontal lobe.
The cognitive domain of memory depends on an intact 
hippocampal-limbic system of the temporal lobes. The pari-
etal lobes are important for visuospatial function. This is an
oversimplification of the anatomical location of these cog-
nitive domains, but it provides a working system to organize
the clinical approach to the patient and anatomical local-
ization in the cerebral cortex.

Assessment of cortical function is facilitated by the use of
standardized tests, which for the infant include the Cattrell
Infant Intelligence Test and the Bayley Scales of Infant De-
velopment (Table 3.4). For the child 2 to 8 years of age, the
McCarthy Scales of Children’s Abilities (McCarthy 1972) 
allows for the assessment of language, memory, and visu-
ospatial skills. Other tests that are helpful in assessing the
young child’s cognitive function at this age are the Stanford-
Binet Intelligence Scale and the Wechsler Preschool and Pri-
mary Scale of Intelligence (WPPSI) (Table 3.4). For the child
3 to 12 years of age, the NEPSY allows for testing in the do-
mains of attention-executive function, language, sensori-
motor, visuospatial, and memory (Neeper 1998).

These tests require additional evaluation beyond the ini-
tial office visit. Table 3.5 provides an outline of the mental
status examination of the verbal child, which can be done
as part of the initial office visit. It is not a substitute for for-
mal assessment, but it should help the clinician recognize
those cognitive domains that will need more extensive
assessment.

Frontal Lobe Function

The frontal lobes are important for executive function, judg-
ment, and volition. Dysfunction of the frontal lobes can be
seen in many neuropsychiatric conditions including atten-
tion deficit disorder, neurotrauma, neoplastic, and neu-
rodegenerative diseases. Functional neuroimaging studies
have demonstrated that frontal lobe functions can be tested
by specific clinical tests (Sarazin 1998). Conceptualization
tests correlate with dorsolateral frontal lobe activity, word
generation with medial-frontal, and inhibitory control with
orbital-frontal areas. The Frontal Assessment Battery (FAB)
is a bedside screening test developed to assess frontal lobe
dysfunction (Dubois 2000). Although this battery has not
been standardized for children, it has value as a set of six
clinical tests that can be done in 10 minutes and can be pre-
formed on older children and adolescents (Table 3.6). Sim-
ilarities are used to test conceptualization. Mental flexibility
and verbal fluency is tested by asking the patient to list in
one minute as many words possible that begin with a cer-
tain letter. Patients with frontal lobe dysfunction have diffi-
culty with temporal organization and sequencing of motor
tasks. Testing this aspect of frontal lobe function can be
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TABLE 3.4
NEUROPSYCHOLOGICAL SCREENS AND PSYCHOLOGICAL TESTS FOR INFANTS AND CHILDREN

Instrument Age Range Score/Scales Subtests

Infants and Younger Children

Prechtl’s Neurological Newborns/Infants Reflexes
Examination (Prechtl 1977) Muscle tone

Parmelee’s Neurological Examination Arousal
(Parmelee et al. 1974) Spontaneous behavior

Brief Infant Neurobehavioral
Optimality Scale (Aylward et al. 1988)

Neonatal Behavioral Assessment Scale Infants Activity level
(Brazelton 1973) Visual and auditory

orientation
Habituation
Response to caretakers

and environment
Gesell Developmental Schedules Infants Gross and fine motor

(Knobloch et al. 1980) abilities
Adaptive functioning
Language development
Social interactions

Cattell Infant Intelligence Scale Infants Motor
(Cattell 1940) Language

Cognitive abilities
Bayley Scales of Infant Development Newborns/Infants Mental Developmental Shape discrimination

(Bayley 1969) (2 months–21/2 Index (mean � 100, Sustained attention
years) SD � 16) Comprehension

Memory
Naming
Problem solving

Psychomotor Purposeful manipulation
Developmental of objects
Index (mean � 100, Imitation
SD � 10) Vocalization

Gross motor
Fine motor

Older Children

McCarthy Scales of Children’s Abilities 21/2–81/2 years Verbal Scale Pictorial memory
(McCarthy 1972) (mean � 50, SD � 16) Word knowledge

Verbal memory
Verbal fluency
Opposite analogies

Perceptual Performance Block building
Scale (mean � 50, Puzzle solving
SD � 10) Tapping sequence

Right-left orientation
Draw-a-person
Draw-a-child
Conceptual grouping

Quantitative Scale Number questions
(mean � 50, SD � 10) Numerical memory

Counting and sorting
Memory Scale Pictorial memory a

(mean � 50, SD � 10) Tapping sequence b

Verbal memory a

Numerical memory c

(continued)
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TABLE 3.4
(continued)

Instrument Age Range Score/Scales Subtests

McCarthy Scales of Children’s Motor Scale Leg coordination
Abilities (continued ) (mean � 50, SD � 10) Arm coordination

Imitative action
Draw-a-design b

Draw-a-child h

General Cognitive Index d

(mean � 100, SD � 16)
Stanford-Binet Intelligence Scale, 2 years–23 years, Verbal Reasoning Vocabulary

4th Ed. (Thorndike et al. 1986) 11 months (mean � 100, SD � 16) Comprehension
Absurdities
Verbal relations

Abstract/Visual Reasoning Pattern analysis
(mean � 100, SD � 16) Copying

Matrices
Paper folding and cutting

Quantitative Reasoning Quantitative
(mean � 100, SD � 16) Number series

Equation building
Short-Term Memory Bead memory

(mean � 100, SD � 16) Memory for sentences
Memory for digits
Memory for objects

Test Composite
(mean � 100, SD � 16)

Wechsler Preschool and Primary 4 years–7 years, Verbal IQ Information
Scale of Intelligence—Revised 3 months (mean � 100, SD � 15) Vocabulary
(Wechsler 1989) Arithmetic

Similarities
Comprehension
Sentences

Performance IQ Animal house
(mean � 100, SD �15) Picture completion

Mazes
Geometric design
Block design

Full Scale IQ
(mean � 100, SD � 15)

NEPSY (Korkman et al. 1998) 3 years–12 years, Attention/Executive
11 months Language

Sensorimotor
Visuospatial
Memory

a Also included in the Verbal Scale.
b Also included in the Perceptual Performance Scale.
c Also included in the Quantitative Scale.
d Comprises the 15 subtests from the Verbal, Perceptual Performance, and Quantitative Scales.

done using the Luria technique of having the patient imitate
and then demonstrate the fist-palm-edge of hand sequence
tests. Proper frontal lobe function allows the child to direct
attention and ignore extraneous or competing sensory or
environmental stimuli. The Stroop test can be used to de-
termine whether the patient can maintain attention and not
be distracted by conflicting sensory cues. The patient is
asked to name the color of a printed word rather than saying

the color that the word names. In the Frontal Assessment
Battery, the same frontal lobe function is tested by asking
the patient to do a motor task that is different than what the
examiner is doing (Table 3.6). The examiner asks the patient
to tap twice when the examiner taps once and to tap once
when the examiner taps twice. The patient with frontal lobe
dysfunction will be echopractic and will repeat the demon-
strated pattern rather than following the directions. Patients
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with orbital-frontal lobe dysfunction have difficulty
controlling impulsiveness and inhibiting inappropriate
responses. The Go–No Go test assesses this aspect of frontal
lobe function. The patient is asked to tap when the examiner
taps once and not to tap when the examiner taps twice. The
Go–No Go test has been studied in children and it has been
demonstrated that the same underlying prefrontal circuitry
is activated in children as in adults (Casey 1997). The last
subtest of the Frontal Assessment Battery tests environmen-
tal autonomy. Patients with prefrontal lobe dysfunction
cannot inhibit their motor response to environmental cues.
Testing for environmental autonomy is done by instructing
the patient not to grasp the examiner’s hand and then plac-
ing a hand in the patients outstretched hand. Normally the
patient should be able to inhibit the impulse to grab the
examiner’s hand.

Another area of assessment for frontal lobe function is
testing working memory, which evaluates the child’s ability
to maintain and focus attention. Digit span, spelling words
backward, and naming the months of the year backward
are good screening tests for working memory.

Language Function

In the classical construct of language there are two nodes:
the receptive node in the posterior superior gyrus of the
dominant hemisphere (Wernicke’s area) and the expressive
node in the inferior frontal gyrus (Broca’s area). The nodes
are connected by the arcuate fasciculus. Language is cer-
tainly more complex than this simple paradigm, but this
model allows the clinician to organize an approach to the
child. Children with language disorders can have difficulty
with phonology, morphology, syntax, semantics, and prag-
matics (Crosley 1999).

The child initially develops recognition of spoken
words (phonology and morphology) and attaches mean-
ing to words (semantics). This is a function of Wernicke’s
area and the adjacent association cortex in the superior
temporal-inferior parietal area. Children with develop-
mental receptive dysphasias are often uncomfortable in
verbal settings and have difficulty with hearing words cor-
rectly and understanding their meaning. They are most
comfortable in nonverbal settings and prefer visual and
tactile interaction. Assessment of receptive language must
take into account age-appropriate expectations. The 12- to
18-month-old should know the meaning of “no,” “come
here,” and be able to point to body parts. By 24 months
the child should obey simple commands and be able to
point to many named objects. By 3 to 4 years the child
should be able to name objects by their actions and un-
derstand prepositions. Important speech and language
milestones are outlined in Table 3.7. Comprehension and
inner vocabulary can be tested for age-appropriate levels
by using a screening test such as the Weinberg Symbol
Language and Communication Battery (SLCB) (Table 3.8,
item 1) (Weinberg 1998, 2001).

Expressive language skills are slower to develop than re-
ceptive language skills. In a child who has language delay,
expressive language is typically more affected than recep-
tive language. It is not uncommon to have children com-
prehend more than they express. An infant first develops
babbling, then nonspecific “da-da” or “ma-ma.” At age 10
to 12 months the infant will develop one to two specific
words. A vocabulary growth spurt occurs at age 18 to 24
months, and two-word sentences are used by 2 years of age
(Rescorla 1997). By age 3 to 4 years the child uses three-
word to four-word sentences and past and future verb
tenses (Table 3.7).

Assessment of expressive language begins with listening
to the child’s spontaneous speech. The child can be en-
couraged to talk by showing colorful action pictures and
asking the child questions about the picture. More formal
assessment of expressive language can be accomplished by
asking the child to repeat words and name colors, shapes,
numbers, and letters. The hallmark of expressive dysphasia
is nonfluency, grammatical errors, and articulation prob-
lems. The older child should be able to use correct gram-
mar including pronouns, possessives, prepositions, and
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TABLE 3.5
MENTAL STATUS EXAMINATION

Attention/Executive Function

Similarities
Set generation (name all the words you can think of that begin

with the letter s)
Fist-palm-edge motor sequence
Go-No Go test
Working memory: digit span, spell words backward

Language

Naming objects—pen, watch, button, ring, etc
Meaning of these words: money, flower, summer, book, and so on
Repeat “no ifs, ands or buts”
Following commands
Show a picture and make up a story
Read an age-appropriate paragraph, observe for accuracy and

fluency
Ask questions about the paragraph content, check comprehension
Write a sentence (dictated and spontaneous), check for spelling

and grammar

Memory

List of three words—recall in 5 minutes
Question recent and remote events

Visuospatial

Copy a design (simple to complex depending on age)
Draw a person (count body parts, see and draw a man reference)
Draw a clock—draw certain time if age appropriate
Name fingers
Tell right-left and mirror right-left (age appropriate)
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TABLE 3.6
FRONTAL ASSESSMENT BATTERY (FAB)

1. Similarities (conceptualization)
“In what way are they alike?”
A banana and an orange (in the event of total failure: “they are not alike” or partial failure: “both have peel,” help the patient by saying,

“both a banana and an orange are . . .” but credit 0 for the item; do not help the patient for the following items).
A table and a chair
A tulip, a rose, and a daisy
Score (only category responses [fruits, furniture, flowers] are considered correct)
Three correct: 3
Two correct: 2
One correct: 1
None correct: 0

2. Lexical fluency (mental flexibility)
“Say as many words as you can, beginning with the letter S, any words except surnames or proper nouns.”
If the patient gives no response during the first 5 seconds, say, “for instance, snake.” If the patient pauses 10 seconds, stimulate him by

saying, “any word beginning with the letter S. The time allowed is 60 seconds.
Score (word repetitions or variations [shoe, shoemaker], surnames, or proper nouns are not counted as correct responses)
More than nine words: 3
Six to nine words: 2
Three to five words: 1
Less than three words: 0

3. Motor series (programming)
“Look carefully at what I’m doing.”
The examiner, seated in front of the patient performs alone three times with his left hand the series of Luria “fist-edge-palm.” “Now, with

your right hand do the same series, first with me, then alone.” The examiner performs the series three times with the patient, then says
to him or her, “Now, do it on your own.”

Score
Patient performs six correct consecutive series alone: 3
Patient performs at least three correct consecutive series alone: 2
Patient fails alone, but performs three correct consecutive series with the examiner: 1
Patient cannot perform three correct consecutive series even with the examiner: 0

4. Conflicting instructions (sensitivity to interference)
“Tap twice when I tap once.”
To be sure that the patient has understood the instruction, a series of three trials is run: 1-1-1. “Tap once when I tap twice.” To be sure

that the patient has understood the instruction, a series of three trials is run: 2-2-2. The examiner performs the following series: 
1-1-2-1-2-2-2-1-1-2.

Score
No error: 3
One or two errors: 2
More than two errors: 1
Patient taps like the examiner at least four consecutive times: 0

5. Go–No Go (inhibitory control)
“Tap once when I tap once.”
To be sure that the patient has understood the instruction, a series of three trials is run: 1-1-1. “Do not tap when I tap twice.” To be

sure that the patient has understood the instruction, a series of three trials is run: 2-2-2. The examiner performs the following series:
1-1-2-1-2-2-2-1-1-2.

Score
No error: 3
One or two errors: 2
More than two errors: 1
Patient taps like the examiner at least four consecutive times: 0

6. Prehension behavior (environmental autonomy)
“Do not take my hands.”
The examiner is seated in front of the patient. Place the patient’s hands palm up on his or her knees. Without saying anything or looking

at the patient, the examiner brings his or her hands close to the patient’s hands and touches the palms of both the patient’s hands, to
see if he or she will spontaneously take them. If the patient takes the hands, the examiner will try again after asking him or her, “Now,
do not take my hands.”

Score
Patient does not take the examiner’s hands: 3
Patient hesitates and asks what he or she has to do: 2
Patient takes the hands without hesitation: 1
Patient takes the examiner’s hand even after he or she has been told not to do so: 0

Source: Reprinted from Dubois et al. The FAB: a frontal assessment battery at bedside. Neurology 55:1621–1626,
2000. Used with permission.
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correct sentence structure (syntax). Children with expres-
sive dysphasia will have trouble repeating words or sen-
tences. For example, a child who has an expressive dyspha-
sia would have trouble repeating the phrase, “no ifs, ands,
or buts.” This is also seen in conductive dysphasia. The
child with conductive dysphasia from a lesion of the arcu-
ate fasciculus has adequate comprehension (i.e., Wer-
nicke’s area is intact) and spontaneous speech (i.e., Broca’s
area is spared), but the child cannot repeat what is said.

Another important aspect of language that should be as-
sessed in the older child is written language, including both
reading comprehension and written expression. Compre-
hension of written language is assessed by having the child
read age-appropriate material and checking for both accu-
racy and fluency. The young child with dyslexia will have
problems with phonology and decoding the word, but com-
prehension will be intact. Another hallmark of dyslexia is
that reading fluency is always impaired so that the child’s
reading is slow and laborious. Dyslexics also have difficulty
with spelling. Early identifiable risk factors for dyslexia in-
clude delay in speaking, difficulties in pronunciation, in-
sensitivity to rhyme, and inability to learn the names and
sounds of the letters (Shaywitz 2003). Screening tests for
reading readiness, phonemic recall, and spelling ability,
which are associated with reading ability as well as tests for
reading accuracy and comprehension, are outlined in the
Weinberg SLCB, subtests 2 to 4 (Table 3.8). Another infor-
mal way of assessing the child’s reading ability is to have a
collection of children’s books in the office from the first

grade to high school level. The child can then be tested for
age-appropriate reading accuracy, fluency, and comprehen-
sion. Formal reading assessment tools include the 
Woodcock-Johnson III, the Woodcock Reading Mastery
Test, and the Gray Oral Reading Tests.

Prosody is the affective and emotional quality of lan-
guage. Much of the meaning of language is embodied in the
way or manner that something is said (pragmatics). Intona-
tion, inflexion, rate, volume, and emphasis of speech, as
well as facial expression and body gesturing, are all a part of
the meaning of language. An example of this would be the
changing of a statement into a question by adding an in-
flexion at the end or the use of sarcasm to mean just the op-
posite of what is said. A simple declarative statement such
as “I’m going to school now” can convey a state of being sad,
happy, or angry about going to school. The prosody of lan-
guage is a function of the nondominant cerebral hemi-
sphere with the same anatomical nodal organization of
reception and expression as semantic language in the dom-
inant hemisphere. The anatomical location for the receptive
node of prosody is the posterior part of the nondominant
superior temporal gyrus analogous to Wernicke’s area in the
opposite hemisphere. Likewise, expressive prosody is lo-
cated in the posterior region of the nondominant inferior
frontal gyrus analogous to Broca’s area. The receptive and
expressive prosody nodes are connected by a fasciculus. The
disorders of prosody (aprosody or dysprosody) are clini-
cally categorized in the same way as left hemisphere
aphasias (receptive, expressive, and conductive).
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TABLE 3.7
IMPORTANT SPEECH AND LANGUAGE MILESTONES

Receptive Language Age Expressive Language

Turns to sound of bell 6 months Cries, laughs, babbles
Waves bye-bye 9 months Imitates sounds and makes dental sounds during play

(e.g., “da-da”)
Knows meaning of “no” and “don’t touch” 12 months Uses 1–2 words (e.g., “da-da” “mama” “bye”)
Responds to “come here” 15 months Uses jargon (speech-like babbling during play)
Points to nose, eyes, hair 18 months Uses 8–10 words (one third are nouns); puts two words

together (e.g., “more cookie”), repeats requests
Points to a few named objects 24 months Asks one- to two-word questions (e.g., “Where kitty?”)
Obeys simple commands
Repeats two numbers 30 months Uses “I” “you” “me”
Can identify by name “What barks?” and Names objects

“What blows?” Uses three-word simple sentences
Responds to prepositions “on” and “under” 3 years Masters consonants b, p, m
Responds to prepositions “in,” “out,” “behind,” 4 years Speaks in three- to four-word sentences

“in front of” Uses future and past tenses
Masters consonants d, t, g, k

Can repeat a seven-word sentence 6.5 years Masters th sound
Uses six- to seven-word sentences
Says numbers up to 30s

Source: Reprinted from Olson WH, Brumback RA, Gascon GG, et al. Handbook of Symptoms-Oriented
Neurology. 2nd Ed. St. Louis, MO: Mosby-Year Book, p. 347, 1994, Copyright 1994, Mosby-Year Book. Used with
permission.
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60 Section I: Neuropsychiatric Assessment of the Child and Adolescent

TABLE 3.8
SELECTED TESTS FROM WEINBERG SYMBOL LANGUAGE AND COMMUNICATION BATTERY (SLCB)

1. Reading Readiness

This section of the test asks the child age 3 to 6 years to name the classic symbols: colors, shapes, numbers, and letters. A child unable to
name the symbols should be presented with a multiple-choice format using three choices. If the child is unable to select the proper choice,
then assume that the symbol has not been stored.
a. Color naming. “What color is this?” Show the child red, blue, green, yellow, and brown. Children ages 3 to 4.5 years should be able

to name colors.
b. Geometric shapes. “What shape is this?” Show the child a square, triangle, diamond, cross, and star. Children ages 3.5 to 6 years

should be able to name geometric shapes.
c. Number discrimination. “What number is this?” Show the child a 1, 3, 6, 7, and 9. If the child is unable to name the number, offer

three possible responses for the child to choose from. Children ages 4 to 5 years should be able to name numbers.
d. Number naming. “What number is this?” Show the child a 1, 3, 6, 7, 9, 25, and 50. Children ages 5 to 6 years should be able to

name numbers.
e. Letter discrimination. “What letter is this?” Show the child the uppercase A, B, C, D, and E. If the child is unable to name the letter,

offer three possible responses for the child to choose from. Children ages 4 to 5 should be able to discriminate letters.
f. Letter naming. “What letters are these?” Show the child lowercase a, b, c, d, h, j, k, m, n, p, u, w, x, y, and z. Children ages 5 to 6

years should be able to name letters.

2. Reading Comprehension

(Spelling words A: Backward words spelling test). This test relates directly to reading comprehension.
a. “Spell the word dog.” “Spell dog backward.” “What does that new word spell?” Children ages 6 to 7 years should correctly spell and

label the backward word (god) and should understand first-grade reading material.
b. “Spell the word was.” “Spell was backward.” “What does that new word spell?” Children ages 7 to 8 years should correctly spell and

label the backward word (saw) and should understand second-grade reading material.
c. “Spell the word tip, like the tip of my finger.” “Spell tip backward.” “What does that new word spell?” Children ages 7.5 to 8.5 years

should correctly spell and label the backward word (pit) and should understand third-grade reading material.
d. “Spell the word not. Like, ‘I will not go.’” “Spell not backward.” “What does that new word spell?” Children ages 9 to 10 years should

correctly spell and label the backward word (ton) and should understand fourth-grade reading material.
e. “Spell the word live.” “Spell live backward.” “What does that new word spell?” Children ages 9.5 to 10.5 years should correctly spell

and label the backward word (evil) and should understand fifth-grade reading material.
“Spell the word dial. Like, ‘dial a telephone number.’” “Spell dial backward.” “What does that new word spell?” Children ages 9.5 to 11

years should correctly spell and label the backward word (laid) and should understand fifth-grade to sixth-grade reading material. A child
able to do live/evil and dial/laid is literate.

3. Phonemic Recall and Sequencing of Graphemes

(Spelling words B). “Now, these are more difficult words. Some may be fifth-grade words, but do the best you can. Spell them as well as you
can.” Children who are able to spell the fifth-grade words are considered to be literate for spelling.
a. First-grade words (ages 6–7 years): it, cat, look, stop, spot
b. Second-grade words (ages 7–7.5 years): hit, hot, hat, hut

(ages 7.5–8 years): work, talk, girl, went
c. Third-grade words (ages 8–9.5 years): should, could, phone, house
d. Fourth-grade words (ages 9–10.5 years): monkey, elephant, receive, friend
e. Fifth-grade words (ages 10–11.5 years): purchase, ethics, delicate, delicious

4. Word Storage

(Inner vocabulary) Ask the child to define one or more age-appropriate words. If the child is unable to do so, offer three verbal choices. If
the child is unable to choose the correct definition, offer three pictorial choices. If the child is still unable to do this task, then offer one or
more words appropriate for a younger age group. If the child is unable to offer a definition, then offer three verbal choices. If the child is
unable to choose the correct definition, offer three pictorial choices.

a. Ages 6 to 8 years: baby, name, green, second
b. Ages 8 to 10 years: visit, spring, money, thought
c. Ages 10 to 12 years: grasp, moist, stride, browse, coward
d. Ages 12 to 14 years: freight, obsolete, drought, absorb, occupation
e. Ages 14 to 16 years: fortuitous, vaguely, judicious, vocation, absurd
f. Ages greater than 16 years: serendipity, foment, impecunious, litigious

(continued)
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Prosody develops early in infancy and is fully estab-
lished for communication by the late toddler and early
preschool years (Weinberg, 1998, 2001). A child who has
problems with receptive or expressive prosody is signifi-
cantly impaired in social and contextual interactions. Such
a child can understand the meaning of words and say them
correctly, but without normal prosody the child is bewil-
dered and frustrated with social language.

The examiner can learn the most about the child’s
prosody by watching spontaneous verbal and gestural inter-
actions. The examiner should note if the child understands
the emotional and contextual aspects of language and if the
gestures and language prosody are appropriate for the occa-
sion. Formal screening can be divided into tests for gestural
prosody and verbal prosody (Weinberg 1998, 2001). For
gestural prosody, use cards or the examiner’s own face and
ask the child to identify the expression of happy, sad, or an-
gry (Fig. 3.3). Then ask the child to demonstrate facial ex-
pressions of these same emotions. Verbal prosody is tested
by having the child listen to the examiner say a sentence in a
happy, sad, or angry fashion and then asking the child to
identify the correct emotion. The child can then demonstrate
the ability to express these same emotions in a sentence.
While testing verbal prosody, the examiner and child should
not be able to see each other’s facial expression.

Memory

Memory can be subdivided into episodic and semantic
memory (Tulving 1972). Episodic memory is the ability to
recall personal experiences including time, place, persons,
and objects. Semantic memory is knowledge of facts with-
out a personal reference such as general knowledge of
world events or rules of arithmetic. Both types of memory
depend on an intact hippocampus for consolidation.

Insight into the child’s memory function is obtained
throughout the mental status examination as well as the
history part of the evaluation by observing responses to

questions asked during the course of the office visit. A spe-
cific screening test for recent memory is to give the child a
list of three things to remember, and then later in the exam-
ination ask the child to recall the list. If the child can’t recall
all of the objects, then progressive prompting should be
used to see how much help the child needs to be able to re-
call the objects. Another way of testing recent memory is to
give the child a list of words to be memorized and then later
in the examination have the child pick out the memorized
words from a longer list of words. The same testing can be
done for nonverbal recent memory by showing the child
several pictures to remember and then later in the examina-
tion having the child identify the memorized pictures from
a larger assortment of pictures. Episodic memory can be
tested by asking the child to recall recent personal events or
activities as well as important personal historical events. Se-
mantic memory can be tested by asking the child to recall
presidents of the United States, events of history, or other
age-appropriate world knowledge.

Parietal Lobe Function and 
Visuospatial Processing

The parietal lobes are important for somatosensory percep-
tion and visuospatial organization. The nondominant pari-
etal lobe is particularly important for visuospatial tasks.
Testing for parietal lobe function can be subdivided into
tests for cortical discriminatory somatosensory function,
sensory neglect, visuospatial tasks of constructional praxis,
and a constellation of tests used to examine the function of
the dominant inferior parietal area for evidence of the
developmental Gerstmann syndrome.

Cortical discriminatory somatosensory function is
tested in several ways. Having the child identify numbers
that are written on the palm of the hand with eyes closed
tests for graphesthesia. Having the child name objects that
are placed in the hand with the child’s eyes closed tests
stereognosis. Tactile direction movement is a sensitive test
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TABLE 3.8
(continued)

5. Gilmore Oral Reading Test—Form C: Accuracy (Gilmore and Gilmore 1968).

“I want you to read for me. Some of the words may be difficult. That’s okay; just do the best you can. I am going to ask you some questions
after you have read the stories.” Start by having the child reading aloud at a grade level below the child’s estimated ability. When possible,
find the grade level at which the child makes no errors (base) and at which he or she makes four or fewer errors (ceiling). Stop after the
fifth error at a grade level. Record the number of errors made for each test grade level. Types of errors are substitutions, omissions, blanks,
mispronunciations, and skipping around on the page.

6. Gilmore Oral Reading Test—Form C: Comprehension (Gilmore and Gilmore 1968).

Using the child’s ceiling paragraph, read the questions to the child. For each question that the child cannot answer, present a multiple choice
using three choices, with one being correct.

Source: Modified from Coffey CE, Brumback RA. Textbook of Pediatric Neuropsychiatry. Washington, D.C.,
London: American Psychiatric Press, Inc. 1998. Used with permission.
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of cortical discriminatory function (Casey 2000). First, ex-
plain and demonstrate to the child that the examiner is go-
ing to ask the child to report which direction the skin is
stroked with a pointed object, either up or down, to the
right or left. A young child can point to the direction of
movement rather than say the direction. The examiner then
applies a stimulus of at least 2 to 3 cms length on the right
and left sides of the body with the child’s eyes closed.

Children with a parietal lobe lesion neglect space on the
side opposite of the lesion, especially with a nondominant

parietal lesion. This is sensory neglect. Subtle neglect can be
detected by testing double simultaneous stimulation. The
child is tested by touching homologous parts of the body
on one side, the other side, or both sides at once with the
child’s eyes closed and asking the child to identify right,
left, or both. If the child neglects one side on double si-
multaneous stimulation (extinction or simultanagnoisa),
this indicates dysfunction of the contralateral posterior
parietal lobe. This test can also be done with visual stimuli.

Constructional praxis is tested by asking a child to draw
a person, a clock, or geometric figures. By 5 years of age, a
child should be able to draw a person, and by age 7 to 8
years, the child should be able to draw a clock. Difficulty
with these visuospatial tasks can be seen in nondominant
inferior parietal lobe dysfunction.

The dominant inferior parietal lobe is important for
symbol sequencing such as in counting, number process-
ing, letter writing, and spatial orientation such as in right-
left orientation. By age 6 to 8 years, the child should be
able to identify right and left on herself or himself, and by
age 8 to 9 years, the child should be able to identify right
and left on others and the environment. Children with
dominant inferior parietal lobe dysfunction will have ele-
ments of the developmental Gerstmann syndrome, such
as right-left confusion, finger agnosia, dyscalculia, and
dysgraphia. It is interesting that finger naming (finger
gnosia) is a predictor of arithmetic abilities in children
(Fayol 1998).

CRANIAL NERVE EXAMINATION

The cranial nerve (CN) examination allows the physician
to “view” the neuraxis from the level of the olfactory and
optic tracts to the caudal extent of the medulla. The 12 cra-
nial nerves can be divided into four anatomical levels: CN
1 and 2-telencephalon, CN 3 and 4-midbrain, CN 5
through 8-pons, and CN 9 through 12-medulla. Cranial
nerve findings when combined with long tract findings
(corticospinal and somatosensory) are important for local-
izing lesions in the brainstem.

The cranial nerve examination in children must be
adapted to the age and cooperation of the child (Larsen
2003). Most of the exam can be completed by specifically
observing the function of each of the cranial nerves during
the patient’s spontaneous behavior and play. Cranial
nerves 3, 4, and 6 are tested as the child tracks and follows
a colorful toy. Observing smiling, crying, and spontaneous
facial expression and blinking indicate CN 7 function. The
child turning to soft noises or clicks of a toy is an initial
screening for hearing (certainly more detailed audiometric
screening of hearing must be done if there is any question
of language delay or hearing loss). Listening to the child’s
vocalizations, then watching chewing and swallowing, re-
flects CN 5, 9, and 10 function. For the older child, repeat-
ing “lahpahkah,” tests CN 12, 7, and 10.
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Figure 3.3 Faces for testing gestural prosody.
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Observations of spontaneous cranial nerve function
should be combined with examination maneuvers directed
to assess specific cranial nerve function. Table 3.9 lists the
cranial nerves and suggestions for examination adaptations
for children.

COORDINATION

The principle area of the brain that is examined by the co-
ordination examination is the cerebellum. The cerebellum
is important for motor learning and timing of motor
activity. Recent research indicates that it is a sensory coor-
dinator, integrating and processing sensory input that is
essential for feedback and feed-forward control of motor
movements (Bower 2003). It fine-tunes the force of agonist
and antagonist muscle activity simultaneously and sequen-
tially across multiple joints to produce smooth flowing,

goal-directed movements. Its integration and timing func-
tion also extend beyond the motor control realm to include
a role in cognition. At the present time, the cerebellum is
examined in terms of motor coordination. To test the cere-
bellum, the motor and somatosensory systems have to be
sufficiently developed and intact because the cerebellum
has a primarily supportive function for these systems. For
the newborn, the coordination examination is not even a
part of the neurological examination. At age 3 to 6 months,
the infant has developed the ability to start to reach for ob-
jects and grasp objects. At this point most of the tasks that
are tested in the infant are gross motor skills. In the 6 to 12
months age range, the fine motor skills start to emerge and
as the repertoire increases, the need for cerebellar input also
increases. As the baby develops a fine pincer grasp at 10 to
12 months of age and is manipulating small objects, fine
motor testing takes on the familiar characteristics of coor-
dination testing. As an infant develops the ability to sit,

Chapter 3: Clinical Neuropsychiatric Assessment of Children and Adolescents 63

TABLE 3.9
CRANIAL NERVE EXAMINATION ADAPTED FOR CHILDREN

Cranial
Nerve (CN) Sensory/Motor Standard Test Adaption for Infants and Children

CN 1 Sensory Identify nonnoxious Use small container of lemon, orange, vanilla. Ask if child
odor can smell something with eyes closed.

CN 2 Sensory Snellen or Rosenbaum Does infant regard small objects. Is the object held too
chart close to the eyes? Use E or animal pictures Snellen 

chart.
Visual fields Child focuses on object in front of him while another

object is introduced form the side into his field of
vision.

Funduscopic exam Check for symmetric red reflexes. Have child focus on
colorful object as fundus is examined.

CN 3, 4, and 6 Motor Six cardinal positions For neonate, rotate head in horizontal and vertical
of gaze planes and observe conjugate eye rotation in

opposite direction.
For infant and child, use face, finger puppet, doll, or

colorful object for the child to tract and follow.
CN 5 Motor Jaw movement Watch baby suck, older infant chew and open mouth.
CN 5 Sensory Corneal and facial Blink and grimace to corneal reflex. Nasal tickle also

sensation tests ophthalmologic division of CN5. Observe
reaction to tickle of regions of the face.

CN 7 Motor Muscles of facial Infant: Watch cry, smile, grimace.
expression Child: Blow kisses, blow on tissue, response to tickle, say

“pah-pah-pah.”
CN 8 Sensory Soft click, softly spoken Infant: Turns to voice, click or novel sounds. Test both 

words, each ear right and left ear.
CN 9 and 10 Motor/Sensory Say “ah,” gag Infant: Watch suck and swallow, sound of cry and 

vocalizations, gag reflex—save until end of the exam.
Child: Watch swallow, say “kah-kah-kah,” listen for

hypernasalized sound to vocalizations, gag reflex.
CN 11 Motor Turn head against Infant: Turn head and watch for sternocleidomastoid

resistance, shrug muscle action to resist the turning.
shoulders Child: Touch chin on shoulder, shrug shoulders.

CN 12 Motor Side to side and in-out Lick lips, wiggle tongue side to side, try to touch tongue
tongue movements to nose, say “lah-lah-lah.”
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stand, and then walk, the immaturity of the cerebellar sys-
tem is demonstrated in the unsteadiness of the toddler’s
gait and motor movements. With time and maturation, the
gait and movements become more coordinated. The sta-
tion narrows and the gait becomes more steady. At 3 to 4
years of age, the child is able to balance on one foot. At age
6 years, the child can narrow the station to the point of be-
ing able to tandem walk.

Cerebellar dysfunction results in the decomposition 
of movements and the undershooting and overshooting of
goal-directed movements (dysmetria). Decomposition of
movements and dysmetria are the main elements of ataxia.
Ataxias can be divided into gait ataxia and appendicular
ataxias (ataxia of an extremity). Gait ataxia is usually caused
by disease of the midline cerebellar structures (vestibulo-
cerebellum and spinocerebellum), whereas appendicular
ataxia is caused by the ipsilateral cerebellar hemisphere
(cerebrocerebellum). Suggestions for adapting the coordi-
nation examination to children are given in Table 3.10.

SOMATOSENSORY EXAMINATION

The somatosensory examination is the most subjective por-
tion of the neurological examination and perhaps the hard-
est to perform in children. A child who is verbal, can follow
instructions, and can report sensation accurately is tested in
the same manner as an adult. A younger child can only be
tested for the presence or absence of sensation. The child
should be able to localize where he or she is touched. Also,
children should have an affective response to noxious or
painful stimuli such as pinprick. Obviously, once a painful
stimulus is used, the child’s cooperation will diminish and

the potential to continue the examination will be limited.
For children, the sensory examination is most important
when there is a possible spinal cord, nerve root, or periph-
eral nerve lesion. When a child is old enough to follow
directions and stand with eyes closed, testing needs to be
performed to determine the ability to maintain balance. A
positive Romberg sign is present when the child can main-
tain balance with their eyes open but loses balance when
eyes are closed. If the child loses balance only with eyes
closed, that is a proprioceptive problem and an important
indicator of dorsal column-medial lemniscus system dis-
ease. If the child has poor balance with eyes open or closed,
that is a cerebellar problem and not a sensory problem.

MOTOR EXAMINATION

The motor examination includes observing muscle bulk
and palpating of the muscles when appropriate; assessing
tone, strength, deep tendon reflexes; and noting any patho-
logical reflexes. For infants and children, attainment of
motor milestones and the assessment of primitive and pos-
tural reflexes should be added to these standard elements
of the motor examination.

Inspection of the child’s muscle bulk is the beginning of
the motor examination. Any atrophy or asymmetry should
be noted. Atrophy is pronounced in neuromuscular disease,
while it is less noticeable in diseases of the upper motor neu-
ron. The distribution of the atrophy is also important. A le-
sion of the brachial plexus, such as an Erb’s palsy, will have
a characteristic distribution of atrophy and weakness, while
a disease like spinal muscular atrophy will give diffuse
weakness. When weakness is present, the muscle should be
palpated for tenderness, consistency, or contractures.

Muscle tone is the resistance of the muscle to stretch.
Two types of tone are assessed clinically: postural and pha-
sic (Fenichel 2001). Postural tone is the bias or tension
maintained by the muscle to resist gravity. The examiner
can assess it by applying a sustained low amplitude stretch
of the muscle with passive range of motion. Phasic tone is
assessed by applying a high amplitude quick stretch of the
muscle with a resulting brief phasic contraction of the mus-
cle. Testing deep tendon reflexes (DTRs) refers to the clini-
cal method of assessing phasic tone.

Tone assessment is important in determining the intact
function of the upper motor neuron (connections from the
motor cortex to the anterior horn cell) as well as the lower
motor neuron unit (anterior horn cell, nerve, and muscle).
Diseases of the upper motor neuron typically cause in-
creased postural and phasic tone (spasticity and hyper-
reflexia), whereas diseases of the lower motor unit cause
decreased postural and phasic tone (hypotonia and
hyporeflexia). In infants and young children, an upper mo-
tor neuron lesion can cause cerebral or central hypotonia.
Postural tone is diminished, but phasic tone is preserved or
even increased. Cerebral hypotonia is seen with congential
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TABLE 3.10
COORDINATION EXAMINATION ADAPTED
FOR CHILDREN

Appendicular coordination
Pick up small object such as a Cheerio or raisin. Observe for

pincer grasp development.
Take small object and place in a small container.
Reach for and grasp the end of a measuring tape.
Touch nose or eyes of a finger puppet.
Stack blocks (15-month-old: tower of 2, 18-month old: 4–6 blocks,

30-month old: 6–8 blocks, 3-year old: 3 block bridge).
Drawing/copying geometric shapes (age appropriate): line, circle,

triangle, square
Midline or gait coordination

Sitting: able to stabilize trunk
Standing: stable station, broad based as toddler, narrower as

older child
Stoop and recover: 12–14 month old
Toddlers gait: 10–18 months
Stand on one foot: 3-year-old
Hop on one foot: 4-year-old
Tandem walk: 6-year-old
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brain malformations, chromosome disorders, metabolic
diseases, and as a type of cerebral palsy. When hypotonia is
cerebral in origin, additional neurological findings are usu-
ally present, such as pathological reflexes, persistent primi-
tive reflexes, cognitive impairment, and other signs of
central nervous system dysfunction. Table 3.11 summa-
rizes the tone changes and other findings in central versus
peripheral nervous disease.

Strength testing can be a challenge in children who can-
not follow directions or who are uncooperative. In the child
who can follow directions, strength testing is the same as in
the adult examination. For the infant, strength can be tested
by putting the baby through maneuvers that require muscle
strength to oppose gravity (Table 3.12). For the hypotonic
infant, it is important to determine if the child can increase
tone and demonstrate strength when irritated and crying.
The infant with cerebral hypotonia will be able to reinforce
tone and strength when angry or upset, but the infant with
peripheral hypotonia will not. This is an important diag-
nostic clue in determining the cause of hypotonia (Table
3.11). For the older, uncooperative child, strength testing

can be observed when getting out of a chair, getting up off
the ground, walking, running, squatting, and rising. The ex-
aminer can have the child do a push up or use the wheel-
barrow maneuver to assess shoulder girdle strength.

For the infant, an important part of the motor examina-
tion is the testing for primitive reflexes and postural re-
flexes. Neurodevelopmentally, primitive reflexes, such as
the Moro, Galant, root, suck, and grasp (Table 3.13),
should be present in the newborn and their absence is
pathologic. The primitive reflexes normally diminish over
the next 4 to 6 months. The postural reflexes, such as the
positive support reflex, Landau, lateral propping, and
parachute (Table 3.13), emerge at 3 to 8 months of age.
Postural reflexes are essential for postural stability and
without them the child will be unable to sit independently
or walk. Persistence of primitive reflexes and the lack of
development of the postural reflexes are the hallmark of an
upper motor neuron abnormality in the infant.

Other reflexes to test for in the motor examination are
pathological reflexes. An upgoing great toe on noxious
plantar stimulation is normal during the first year of life be-
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TABLE 3.11
TONE, REFLEXES, AND STRENGTH IN CENTRAL VERSUS PERIPHERAL NERVOUS SYSTEM DISEASE

Postural Tone Phasic Tone Pathological Reflexes Weakness

Spasticity: UMN Increased Increased Present Variable
Cerebral hypotonia: UMN Decreased Increased or normal Present Variable
Peripheral hypotonia: LMN Decreased Decreased Absent Invariable

TABLE 3.12
ASSESSING STRENGTH IN AN INFANT

Head Control

The newborn should be able to lift the head to upright position at least for a few seconds while sitting. By 3 months, there may be some
wobbling of the head but most of the time the head is held upright with good control.

Traction

While pulling the newborn to sitting from the supine position, the head will lag behind the trunk but not in full extension. By 3 months, there
may be slight head lag. By 6 months, the head leads the trunk when the baby is pulled to the sitting position. The baby then sits with a
straight back and good head control.

Ventral Suspension

With the newborn suspended in the prone position, the head should stay in the same plane as the back and the extremities would be a
semiflexed position. By 3 months, the baby’s back should be straight, the head extended and looking forward.

Vertical Suspension

The examiner should be able to hold the baby in the vertical position without the baby slipping through his hands because of shoulder girdle
weakness. By 3 months, the baby should be able to support some weight on his or her feet.

Prone Position

The newborn should be able to turn the head side to side and the extremities should be in flexion. By 3 months, the baby should lift the head
45 to 90 degrees off the mat, support weight on the forearms. By 6 months, the chest should be off the mat and weight is on the hands.
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cause of the incomplete myelination of the corticospinal
tracts during this time. After 1 year of age, extension of the
great toe (or Babinski sign) is abnormal and is a sign of cor-
ticospinal tract disease. When a child is old enough to co-
operate, he or she should be tested for pronantor drift. The
patient extends the arms in front with the palms up and
eyes closed. The examiner watches for any pronation and
downward drift of either arm. Any pronantor drift indicates
corticospinal tract disease. This sign is a sensitive indicator
of corticospinal tract disease and has the same clinical sig-
nificance as a Babinski sign.

Attainment of motor milestones is an important part of
the motor examination (Larsen 2003). The development of
motor control proceeds in a head to toe fashion and reflects
the progressive myelination of the corticospinal tracts. The
baby first develops head then trunk control (able to sit) and
finally develops motor control of the lower extremities to
be able to walk. Delay in obtaining motor milestones can
indicate the presence of neurological disease. The infant
less than 1 year of age does not have a hand preference and
uses both hands equally well. Early handedness is an indi-
cation of a motor deficit of the nonpreferred hand. Signifi-
cant motor milestones are listed in Table 3.14, along with
the age at which they typically are obtained.

For many of the children that are assessed for neu-
ropsychiatric problems, the findings on the standard mo-
tor examination will be normal yet they are often noted
to be awkward or clumsy. These children will fre-
quently have subtle neurological findings such as mirror
movements, associated or overflow movements, and im-
paired fluency and accuracy of repetitive movements
(Denckla 1985). In assessing subtle neurological findings,
it is important to remember the neurodevelopmental as-
pect of when these findings should disappear (Table 3.15).
These subtle motor neurological findings do not have the
same anatomical localization power as the classic motor
examination findings. Nevertheless, they have value in

indicating that the motor control in these children is not
totally normal and these findings can be associated with
such conditions as attention deficit disorder and learning
disorders. Other unusual movements that should be
searched for include tics, repetitive self-stimulation move-
ments such as hand flapping, twirling, rocking, choreiform
movements, and pseudochoreiform movements (pseudo-
choreiform movements are seen in hyperactive children
and can be difficult to distinguish from true chorea).

GAIT

Assessing the child’s gait is an essential part of the neuro-
logical examination. As infants develop, they will start to
support weight on their legs at 3 to 4 months, get in and out
of the sitting position at 7 to 9 months, cruise at 10 to 12
months, and walk by 12 to 16 months. As infants start to
walk, the station is wide based and the arms are held up in
front in the high guard position as if they are ready to catch
themselves. Gradually, over the next few months, the posi-
tion of the arms is lowered to the midguard, then low-
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TABLE 3.13
PRIMITIVE AND POSTURAL REFLEXES

Primitive Reflexes

Moro: With sudden downward movement of a supine baby, the arms will fully extend and abduct and then return to midline.
Root, suck: When the cheek is gently stroked toward the lips, the baby should open his or her month and turns toward the stimulus. Suck

should be strong with a coordinated stripping action of the tongue.
Galant (trunk incurvation): With the baby in ventral suspension, stroking the skin on one side of the lower back will cause the trunk and hips

to swing toward the side of the stimulus.
Grasp: The baby should have a strong grasp with the fingers or toes when pressure is applied to the palm of the hand or ball of the foot.

Postural Reflexes

Positive support: When held in the vertical position with feet touching a surface, the infant will extend the legs and attempt to support his
or her weight.

Landau: With the infant held in ventral suspension, the head and legs will extend.
Lateral propping: In the sitting position, the infant will extend the appropriate arm and hand to prevent falling.
Parachute: When the infant is turned upside down and suspended in the air, the arms extend forward and the hands spread out in order to

catch him or her. This is the last of the postural reflexes to appear.

TABLE 3.14
MOTOR MILESTONES

Milestone Age Accomplished

Rollover 2–4 months
Sitting without support 5–7 months
Crawling 6–8 months
Getting to sitting 8–9 months
Creeping 8–10 months
Cruising 9–11 months
Walking 12–16 months
Running 14–18 months
Hop on one foot 3–4 years
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guard position. By 18 months, the arms are held down by
the side and the normal associated swing of the arms is pre-
sent with walking. For the older child, maneuvers to stress
the gait can be used such as toe, heel, hop, and tandem
walking. Although there are multiple types of abnormal
gaits, most children with neuropathological gaits will fit in
one of seven basic types (Table 3.16). Each of these patho-
logical gaits can be recognized by the distribution and
pattern of the gait abnormality (Larsen 2001).

GENERAL PHYSICAL EXAMINATION:
IMPORTANT ASPECTS

Growth parameters are important in assessing the child with
neuropsychiatric problems. Height, weight, and head cir-
cumference should be measured and plotted on standard-
ized growth curves. Obtaining previous measurements is
helpful so that growth trends can be analyzed. Excessive so-
matic growth is seen in the overgrowth syndromes, such as
Sotos, Weaver, or Beckwith–Wiedemann Syndromes (Jones
1997). Short stature is associated with numerous syndromes
and chromosomal abnormalities. Head circumference is an
essential part of the neurological evaluation of the infant and
child. The measurement is obtained by measuring the head
around the greatest circumference, which is from the frontal
prominence around the most prominent part of the occiput.
The most accurate measurements are obtained with a plastic
or steel tape rather than a paper tape because the paper tape
can stretch. A head that is less than the 2nd percentile is mi-
crocephalic and correlates with a brain that is abnormally
small (micrencephaly). A head circumference greater than
the 98th percentile is macrocephaly or macrocrania and can
be caused by abnormal collections of blood (subdural
hematomas), obstructed CSF pathways (hydrocephalus), or
a larger than normal brain (megalencephaly). Head shape is
determined by growth of the cranial bones, which occurs

perpendicular to the cranial sutures. A misshapen head can
be caused by craniosynostosis (premature closure of the su-
tures) or by a positional deformity. The most common type
of misshapen head is a positional deformity with flattening
of the occiput (usually the right side) with a compensatory
prominence of the ipsilateral forehead (plagiocephaly). This
deformation is caused by the baby being placed on the back
to sleep and the head being turned to one side as the pre-
ferred position. The abnormal head shape of craniosynosto-
sis is determined by which suture is prematurely closed and
the compensatory growth that occurs in sutures that remain
open. Synostosis of the sagittal suture causes scaphocephaly
(the most common form of craniosynostosis) and is usually
an isolated finding, while synostosis of the coronal suture
causes brachycephaly and is often associated with an under-
lying syndrome, such as Apert, Crouzon, Pfeiffer, or
Saethre–Chotzen syndromes (Jones, 1997). Synostosis of
the metopic suture results in trigonocephaly, which can be
an isolated finding or can be associated with brain malfor-
mations and cognitive and behavior abnormalities.

A child should be carefully examined for any dysmor-
phic features that may have an associated brain malforma-
tion. This is especially true of the face. There is the adage
that the face predicts the defective brain (DeMyer 2004). This
is especially true for defects in the parts of the face that are
embryologically derived from the frontonasal process. The
frontonasal process produces the forehead, upper eyelids,
nose, and the medial third of the upper lip. Dysmorphic
findings in these facial structures should prompt evalua-
tion of an associated brain malformation. Not only should
the face be carefully analyzed for dysmorphic features, but
there should be inspection of the rest of the body including
the hands and feet for anomalies. A constellation of dys-
morphic features can be the key for making a syndrome
diagnosis with brain involvement (Jones 1997).

The eye examination of a child with neuropsychiatric
problems should not be neglected. Observation of pupillary
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TABLE 3.15
SUBTLE NEUROLOGICAL SIGNS

Sign or Finding Age

Can’t hop on one leg 5 times 4 years
Can’t hop on one leg 25 times 6 years
Can’t balance on one leg for 10 seconds 5 years
Can’t balance on one leg for 30 seconds 8 years
Persistence of feet-to-hands overflow (hands mirror position of feet) on toe walking 6 years
Persistence of feet-to-hands overflow on heel walking 7 years
Persistence of mirror movements of any simple repetitive movement (such as hand or 7 years

foot patting)
Persistence of feet-to-hands overflow with walking on sides of feet 9 years
Persistence of mirror movements with complex movement of repetitive hand patting 10 years

front to back
Persistence of mirror movements with the thumb opposing each finger sequentially 13 years

Source: Modified from Denckla MB. Revised Neurological Examination for Subtle Signs (1985).
Psychoparmacology Bull 21:773–800, 1985. Used with permission.
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reactivity, ocular alignment, conjugate eye movements, and
visual acuity is a part of the cranial nerve examination.
Added to these observations should be a funduscopic ex-
amination. The appearance of the optic nerve, optic disc
margin, vessels, and retinal background should be noted.

Because the skin and the brain share a common embry-
ological origin, cutaneous lesions can lead to the diagnosis
of one of the neurocutaneous disorders. As a part of the neu-
rological evaluation there must be a careful head-to-toe skin
search. The most common lesions that have neurological sig-
nificance include the hypopigmented lesions and facial an-
giofibromas of tuberous sclerosis, café au lait spots and axil-
lary freckling of neurofibromatosis I, and the forehead and
upper eyelid port-wine nevus of Sturge–Weber syndrome.

In the context of a child who is developmentally delayed
or who has lost neurodevelopmental milestones, it is im-
portant to exam the abdomen for visceromegaly. Enlarge-
ment of the liver and the spleen occurs in the storage dis-
eases such as Gaucher, Tay–Sachs, or Hurler syndrome. The
spine should be inspected for scoliosis and the lumbar-
sacral region should be inspected for cutaneous lesions,
masses, unusual hair patterns, and cutaneous dimples and
tracts. These clinical findings can be an indication of an un-
derlying defect of the lower spinal cord and nerve roots.

PATTERNS OF ABNORMAL
NEURODEVELOPMENT

There are certain basic patterns of abnormal neurodevelop-
ment that the clinician should be familiar with and readily
recognize in children who present with neuropsychiatric
problems (Table 3.17). A delay in language acquisition
should first be evaluated with a formal hearing evaluation.
In the infant this can be done using evoked otoacoustic emis-
sions or with auditory brainstem evoked responses, but in
the child who can cooperate, it should be done with audio-
metric testing. The pattern of failure to develop meaningful
language associated with impaired social interaction and
stereotypical behavior is seen with infantile autism. In a
child who looses receptive language abilities after a period of
normal language development, the diagnosis of acquired
epileptiform aphasia should be considered. Most of these
children will have a history of having seizures, and the elec-
troencephalogram (EEG) is important in confirming the di-
agnosis (Tuchman 1997).

A delay in the acquisition of motor milestones can be
seen in multiple disorders of the nervous system, but there
are patterns of motor abnormalities that help make a diag-
nosis. The motor abnormalities of cerebral palsy are static,

68 Section I: Neuropsychiatric Assessment of the Child and Adolescent

TABLE 3.16
PATHOLOGICAL GAITS

Source: Modified from Larsen PD, Stensaas SS. NeuroLogic: an Anatomical Approach to the Neurological
Examination [online]. http://medstat.med.utah.edu/neurologicexam, 2001. Used with permission.

Hemiplegic

The patient has unilateral weakness and spasticity with the upper
extremity held in flexion and the lower extremity in extension.
The foot is in extension so the leg is “too long,” therefore the
patient will have to circumduct or swing the leg around to step
forward. This type of gait is seen with a UMN lesion.

Neuropathic

This type of gait is most often seen in peripheral nerve disease
where the distal lower extremity is most affected. Because the
foot dorsiflexors are weak, the patient uses a high stepping gait
in an attempt to avoid dragging the toe on the ground.

Parkinsonian

This type of gait is seen with rigidity and hypokinesia from basal
ganglia disease. The patient’s posture is stooped forward. Gait
initiation is slow, and steps are small and shuffling. Turning is en
bloc like a statue.

Ataxic

The patient’s gait is wide based with truncal instability and irregular
lurching steps, which results in lateral veering and if severe, falling.
This type of gait is seen in midline cerebellar disease. It can also be
seen with severe lose of proprioception (sensory ataxia).

Diplegic

The patient has spasticity in the lower extremities greater than the
upper extremities. The hips and knees are flexed and adducted
with the ankles extended and internally rotated. When the patient
walks, both lower extremities are circumducted and the upper
extremities are held in a middle or low guard position. This type
of gait is usually seen with bilateral periventricular lesions. The
legs are more affected than the arms because the corticospinal
tract axons that are going to the legs are closest to the ventricles.

Myopathic

With muscular diseases, the proximal pelvic girdle muscles are
usually the weakest. Because of this, such patients will not be able
to stabilize the pelvis as they lift their leg to step forward, so the
pelvis will tilt toward the non–weight-bearing leg, which results in
a waddle type of gait.

Choreiform

This is a hyperkinetic gait seen with certain types of basal ganglia
disorders. There is intrusion of irregular, jerky, involuntary
movements in both the upper and lower extremities.
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nonprogressive, and usually fit the pattern of an upper mo-
tor neuron lesion or, less frequently, a lesion of the basal
ganglia or cerebellum (Table 3.17). There can be associated
findings such as epilepsy, mental retardation, or neurobe-
havioral problems depending on the severity of the prena-
tal event that caused the brain injury. One of the hallmarks
of cerebral palsy is the persistence of the primitive reflexes
and the failure to develop the postural reflexes. In making
the diagnosis of cerebral palsy it is important to establish
that the motor deficits are static and nonprogressive. If
there is loss of developmental milestones, then the pattern
is not that of cerebral palsy but of a neurodegenerative dis-
ease or a progressive lesion of the brain. The pattern of hy-
potonia with preserved cognitive function can be seen in
neuromuscular diseases. Global developmental delay that
is symmetric in all areas of development and without
pathological motor findings except for perhaps mild hypo-
tonia is often the pattern of mental retardation.

EXTENSION OF THE EXAMINATION:
DIAGNOSTIC TESTING

The choice of the appropriate diagnostic tests is based on the
differential diagnosis that is generated by the history and
physical examination of the patient. As a general rule, diag-
nostic testing has its highest yield in a child who has severe
mental retardation, focal neurological deficits, or findings
on physical examination that suggest a specific disease en-
tity. The main diagnostic tests that are considered include
imaging the brain for structural abnormalities (magnetic
resonance imaging, cranial tomography, head ultrasound in
the neonate), tests for brain and nerve function (electroen-
cephalography, evoked potentials, electromyography and
nerve conduction studies, positron-emission tomography,
single-photon emission computed tomography, and func-
tional magnetic resonance imaging), cytogenetic studies
(particularly in the setting of the dysmorphic child), and

metabolic studies (inborn errors of metabolism). Other di-
agnostic tests to be considered are tests of neurodevelop-
ment, intelligence, language, behavior, and other specific
cortical skills and functions. These neuropsychological tests
are discussed in the following chapter.

NEUROIMAGING

For the neonate, head ultrasound can be done at the crib-
side in the newborn intensive care unit and is valuable in
assessing midline structures and ventricular anatomy. The
periventricular brain parenchyma can be visualized, but ul-
trasound is inadequate for assessing cortical and posterior
fossa anatomy.

Head cranial tomography (CT) is most valuable in the
acute emergency setting when the patient is being assessed
for increased intracranial pressure, mass effect, and hemor-
rhage. CT is also the modality of choice when assessing
bone and looking for intracranial calcifications as seen in
congenital infections.

Head magnetic resonance imaging (MRI) has become the
imaging modality of choice in most diagnostic settings
where imaging the brain is important. The images are ob-
tained in three different planes and with different acquisi-
tion parameters that help identify pathology. Cortical
anatomy and the ability to identify brain malformations are
much greater with MRI than with CT. For evaluation of pos-
terior fossa abnormalities, malformations, tumors, and
imaging for seizures and headaches, MRI has replaced CT.

FUNCTIONAL STUDIES

The traditional mainstay study for assessing neuronal
function has been electroencephalography (EEG). The EEG is
a summation of dendritic synaptic potentials recorded from
various locations on the scalp and therefore reflects
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TABLE 3.17
PATTERNS OF ABNORMAL NEURODEVELOPMENT

Abnormality Condition

Neurosensory hearing loss
Autism
Acquired epileptic aphasia
Cerebral palsy (types include quadriplegia, diplegia, hemiplegia,

hypotonic, choreoathetoid, and cerebellar)

Neurodegenerative
Neuromuscular disease
Mental retardation

Isolated language delay
Language deficits plus behavior abnormalities
Loss of language plus seizures
Static motor deficits with persistent primitive reflexes, lack of

postural reflexes and may have other associated neurological
deficits

Loss of motor milestones
Hypotonic infant without associated CNS deficits
Motor delay with symmetric delay in language and social skills, may

have mild hypotonia
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underlying brain cortical activity. It has some localization
power, but because the electrodes are recording at a distance
from the surface of the brain and the waveforms are a sum-
mation of neuronal activity, the precision of localization is
approximate. EEG is most helpful in the diagnosis, classifica-
tion, and management of seizure disorders. It is not, however,
a substitute for a detailed and accurate history since most
paroxysmal events, such as seizures, are diagnosed by history
and not by laboratory studies. The EEG can also be helpful in
assessing altered states of consciousness and encephalopathic
states. Some EEG findings are specific for certain diseases, but
most EEG findings are nonspecific as far as etiology. A rou-
tine EEG has limited value in assessing psychiatric illness. It
may help in the assessment of the child who has possible
seizures, intermittent explosive disorder, or organic disorders
(Johnson 1996). When a paroxysmal event is frequent but it
is difficult to determine whether or not the event is seizure,
then video EEG monitoring can be helpful.

Evoked potentials, both visual and auditory, have value
when assessing the central pathways of these special senses
in the appropriate clinical setting. Visual evoked potentials
are useful in inflammatory and demyelinating diseases af-
fecting the optic nerve, tract, and radiations. Auditory
evoked potentials can identify and localize lesions in the
auditory pathways from the auditory nerve to the level of
the inferior colliculus. In the infant who is too young for
audiometric testing, auditory evoked potentials is an in-
direct way of assessing hearing by assessing the brainstem
auditory pathways.

Electromyography (EMG) and nerve conduction studies
are used to assess the peripheral nervous system. In neu-
ropsychiatry, these tests are mainly used in the setting of
diseases that can affect the brain and nerve or muscle. The
dystrophies and mitochondrial diseases that affect the
brain and muscle can have neuropsychiatric manifes-
tations. Nerve conduction studies are useful in establishing
the presence of myelination abnormalities in diseases such
as the leukodystrophies and axonal abnormalities in dis-
eases such as Friedreich’s Ataxia.

Positron-emission tomography (PET) scanning with the
tracer 2-deoxy-2[18F]fluoro-D-glucose combines the struc-
tural definition of computed tomography with the mea-
surement of glucose utilization which indicates metabolic
activity. PET scanning has been used to study the matura-
tion of cerebral function and is clinically useful in epilepsy
surgery, neurooncology, and as a research tool. At this point
in time, its application in neuropsychiatry is limited except
as a research tool. Single-photon emission computed to-
mography (SPECT) scans use changes in regional blood
flow as an indirect measure of localized cerebral function.

Functional magnetic resonance imaging (fMRI) com-
bines the anatomical definition of MRI with changes in 
regional blood flow. This change in blood flow serves as an
indicator of neuronal activation by specific tasks that acti-
vate that particular region(s) of the brain. fMRI has become
the major research tool for localization of cerebral function

in behavioral and cognitive neuroscience in both adults and
children. It has opened the door to understanding normal
and abnormal function in the brain in vivo. Its role in clin-
ical practice has yet to be established, but its promise is ex-
citing to consider. Magnetic resonance spectroscopy (MRS)
is used to measure the level of biochemical substances in the
brain, such as creatine and N-acetyl-aspartate. It is being
used in the setting of hypoxic brain injury, traumatic brain
injury, and metabolic diseases especially where levels of
lactate may be elevated in the brain (Wycliffe 1999).

CYTOGENETIC STUDIES

More genes are expressed in the brain than in any other or-
gan of the body. Genetic syndromes and chromosomal de-
fects are often associated with neurological dysfunction.
Cytogenetic studies that are useful in child neuropsychiatry
include high-resolution chromosome studies, DNA studies
for trinucleotide repeat diseases such as fragile X, myotonic
dystrophy, and spinocerebellar atrophies, fluorescence in
situ hybridization (FISH) of subtelomeric deletions, for
syndromes such as Prader–Willi, Angelman, and Williams,
and testing for mutation in the X-linked gene causing Rett
syndrome (methyl-CpG-binding protein 2- MECP2). Even
in the child who has global developmental delay without
dysmorphic features, cytogenetic studies can have a diag-
nostic yield (see Table 3.18).
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TABLE 3.18
DIAGNOSTIC YIELD OF TESTS IN CHILDREN
WITH GLOBAL DEVELOPMENTAL DELAYS

Test Diagnostic yield, %

Neuroimaging

MRI scan, nonenhanced 55.3
CT scan 39.0

Genetic studies

Routine cytogenetic studies 3.7
Subtelomeric deletion 6.6
Fragile X screen 2.6
MECP2 Unknown

Metabolic testinga �1

Thyroid screen Near 0 if UNS;
(serum TSH, T4) �4 if no UNS

Serum lead level Unknown

EEG (routine) �1

aMetabolic testing usually consists of urine organic acids, serum amino
acids, serum lactate, ammonia level, and a capillary blood gas.
TSH � thyroid stimulating hormone; T4 � thyroxine; UNS � universal
newborn screening
Source: Reprinted from Shevell et al. Practice parameter: evaluation of
the child with global developmental delay. Neurology 60:367–380,
2003. Used with permission.
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Figure 3.4 Algorithm for the evaluation of the child with developmental delay. (Reprinted from
Shevell et al. Practice parameter: Evaluation of the child with global developmental delay. Neurology
60:367–380, 2003. Used with permission.)

METABOLIC STUDIES

Multiple identifiable inborn errors of metabolism effect the
developing brain. These diseases should be considered
when there is a loss of developmental milestones. These
studies also have their place (although the yield is low; see
Table 3.18) in the child without an explanation for his or
her developmental delay when neuroimaging and cytoge-

netic screening have been nondiagnostic. Because the phe-
notypes of the metabolic diseases are so variable, multiple
metabolic pathways are usually screened simultaneously
unless the clinical presentation and findings are specific
enough to suggest a certain disease (Table 3.19).

One of the most common evaluations that face the clin-
ician in neurology is the child with global developmental
delay. A practice parameter has been developed for the
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evaluation of the child with global developmental delay
(Shevell et al. 2003). Figure 3.4 is an algorithm that pro-
vides a useful guide in this situation and reflects the
thought pattern that is generally used in evaluating most
children with neurodevelopmental disease. Table 3.18 pro-
vides perspective as to the frequency these tests provide a
diagnosis in the child with global developmental delay.

CONCLUSION

This chapter provides the clinician with an overview of the
clinical neuropsychiatric assessment of children. The essen-
tial elements of that evaluation are an understanding of the
temporal profile of the child’s disease as well as regional or
anatomical localization. A complete accurate history and
the neurological examination are the clinician’s window to
the brain, and they have not been replaced by laboratory or
diagnostic tests. For neuropsychiatric problems, an ex-
panded mental status evaluation is particularly important.
The elements of the mental status examination allow for
examination of the cerebral cortex and the behaviors that
are associated with cortical function. The bedside neu-
ropsychiatric examination is not a substitute for formal
neuropsychological testing, but rather it should establish
the formulation of the physician’s diagnostic concerns,
which will then direct and provide focus for the more de-
tailed evaluation of neuropsychological testing as well as
selection of the appropriate neuroimaging, neurophysio-
logic, and diagnostic laboratory studies. The neuropsychi-
atric evaluation of the child must include an understanding
of neurodevelopment and how neurodevelopment influ-
ences the examination process, expectations, and diagnos-
tic interpretation.
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TABLE 3.19
METABOLIC SCREENING

Serum amino acids: amino acidopathies
Urine organic acids: organic acidurias
Serum lactate and pyruvate: deficits in intermediary metabolism

and respiratory chain
Serum ammonia: urea cycle defects
Thyroid function studies: hypothyroidism
Plasma acylcarnitine profile: fatty acid oxidation defects
Plasma very long chain fatty acids: peroxisomal defects
Leukocyte lysosomal enzyme profile: lysosomal storage diseases
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Pediatric neuropsychology has seen significant advances
over the past several decades, surfacing as one of the areas
of unrivaled growth in psychology and psychiatry. Pediatric
neuropsychology emerged concurrent with adult neuropsy-
chology when the primary populations serviced were chil-
dren with traumatic injuries and learning disorders from
various etiologies. Historically, children were examined as
if they were merely downward extensions of adults (Reitan
and Herring 1985). Advances in the cognitive neuro-
sciences, particularly developmental neuropsychiatry, as
well as in technologies that have improved mortality have
assisted in widening the breadth of populations serviced by
pediatric neuropsychology as is evident with the autistic
spectrum disorders (Happe and Frith 1996; Ozonoff et al.
2004), genetic and metabolic syndromes (Diamond et
al. 1997; Lajiness-O’Neill and Beaulieu 2002; Phillips et al.
2004), and low birth weight (Taylor et al. 2004). An in-
creasing awareness of the utility of a child’s cognitive and
behavioral phenotype to aid in diagnosis as well as the use
of his or her strengths and weaknesses to guide interven-
tion efforts has become apparent (Volkmar et al. 2004).
The first comprehensive compendium strictly devoted to
the measures and methods used in the neuropsychological
assessment of children including the compilation of nor-
mative data has been published (Baron 2004), an analog to
the well-known compendium by Lezak (1995).

More recently, a substantially greater reliance on devel-
opmental theory has impacted test construction and the
approach to the assessment of children (Gottlieb 2001;

Rourke et al. 2002a). Nonetheless, the general approach re-
mains consistent with what is seen in adult assessment with
three core components necessary. The assessment begins
with an examination of the clinical presentation or presenting
problem. This information is often obtained from multiple
informants such as the referral source, a parent or legal
guardian, and in some cases from the child depending on
his or her age. Presenting complaints from the child are
sometimes limited by his or her developmental level of
functioning, conceptual capacity and self-awareness, and
limitations stemming directly from the difficulties for
which the child was referred for evaluation (e.g., mutism,
brain damage). Consistency and contradictions in the na-
ture and severity of presenting problems described by vari-
ous informants must be considered. Also, the pervasiveness
of the problems—that is, their persistence across setting—
should be closely assessed. This information will be useful
with regard to understanding the role that certain environ-
mental contingencies may play in supporting or alleviating
problem behaviors. Determination of the timeline during
which problems have been present is important in helping
to identify etiological factors (e.g., developmentally based,
acute reaction to stressors, acute or graded onset).

For children, the presenting complaints are typically
related to development, learning, or behavior from a
known or suspected etiology. Unlike adult referral ques-
tions that are often interested in examining a more specific
complaint such as memory, as is seen in dementia, referrals
for children are often prompted by academic or learning
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difficulties given that school is a child’s occupation, and
this is the functional area most often impacted. Unfortu-
nately, the reasons for “learning difficulties” are extremely
varied and can result from developmental (e.g., develop-
mental delay), medical (e.g., epilepsy), or acquired (e.g.,
head injury) etiologies. As such, it is important to recognize
that a suspected “learning disorder” is always justification
for the neuropsychological examination of a child. Obvi-
ously, children with medical illnesses known to negatively
impact the central nervous system also benefit substantially
from a comprehensive neuropsychological assessment. Be-
havioral or social concerns are frequently encountered re-
ferral questions, and neuropsychological testing can help
to illuminate markers that will aid in diagnosis. For exam-
ple, impaired sustained attention and executive deficits
(e.g., poor impulse control, decreased working memory,
etc.) are typically encountered in children with attention-
deficit/hyperactivity disorder (Roth and Saykin 2004).
Likewise, nonverbal learning disability is often noted in
children with Asperger syndrome (Stein et al. 2004), al-
though the ability to discriminate Asperger syndrome from
high-functioning autism (HFA) continues to be an area of
much debate (Ghaziuddin and Mountain-Kimchi 2004).

The second component consists of a comprehensive re-
view of the relevant history. This involves obtaining infor-
mation about the child’s developmental history including
prenatal, intrapartum, and postnatal events, developmen-
tal milestones, medical and psychiatric history including
relevant family history, academic history, and longstanding
functioning in social, emotional, and adaptive domains.
The majority of this information will have to be obtained
from a parent or guardian and through a review of the med-
ical and school records. It is also important to interview
children and adolescents regarding social and emotional is-
sues as their developmental level of function allows. After
sufficient appraisal of the presenting problems and the rel-
evant historical data, the pediatric neuropsychologist
develops hypotheses about the possible etiology, pattern
of strengths and weaknesses, and the possible severity of
neuropsychological deficits that are reasonable to expect.

Research within pediatric neuropsychology and the neu-
rosciences as it relates to brain-behavior relationships aids
the clinician in the development of his or her hypotheses
regarding a child’s expected areas of impairment. Tradi-
tional areas of practice and research such as traumatic brain
injury have provided a strong foundation for the field, with
more recent clinical practice and research in traumatic
brain injury focusing on factors affecting outcome, such as
age at injury and the presence of family support (Ewing-
Cobbs et al. 2003; Wade et al. 2003). While lesion “local-
ization” was an objective in pediatric neuropsychology
during its inception in traditional areas of practice, current
practice does not constrain itself by attempting to suggest a
focal region of disruption as there is a clear appreciation
that the central nervous system is a complex array of vast
neural networks and systems that work in concert to

execute all aspects of complex cognition and behavior
(Booth et al. 2004; Sporns et al. 2004). Pediatric neuropsy-
chology has become increasingly interested in attempting
to understand the cognitive and behavioral phenotypes of
the multitude of developmental neuropsychiatric disorders
to aid in diagnosis and guide treatment efforts as well as to
increase our understanding of the neurobiological basis of
these disorders. Predictable cognitive and behavioral phe-
notypes are also evident in acquired disorders such as those
form teratogen exposure, whether from a drug of abuse
(e.g., alcohol) (Connor et al. 2000) or environmental toxin
(e.g., lead) (Canfield et al. 2004).

The final component is the neuropsychological examination
itself. This involves the utilization of a variety of technical
procedures. Selection of procedures depends, in part, on the
nature of the referral question. It also depends on the child’s
age and on his or her physical and mental capacities. The
specific tests used in a neuropsychological examination will
vary according to the neurophysiologist’s own preferences.
Despite these variations, the comprehensive neuropsycho-
logical examination will attempt to measure, at least in a
molar fashion, all domains of neuropsychological functions
believed to be of importance for supporting the child’s abil-
ities to successfully interact in his or her environment. Mak-
ing decisions as to which tests are most appropriate under
what circumstances requires substantial sophistication and
training. Such training includes an understanding of the psy-
chometric characteristics of the procedures themselves and
of their validity and reliability in the context in which they
are being considered. A number of excellent books and re-
views of psychological and neuropsychological tests are used
in the context of neuropsychology available (Baron 2004;
Lezak 1995; Spreen and Strauss 1998). A detailed listing of
those measures more commonly used is reviewed in this
chapter.

The development of pediatric measures has appropri-
ately evolved from being atheoretical in its approach to
being significantly more grounded in developmental and
neuroscience theory (Korkman 1999). Early batteries such
as the Halstead-Reitan Test Battery for Children (Reitan
and Wolfson 1985) and the Luria-Nebraska Test Battery
for Children (Golden 1987) further advised a fixed bat-
tery approach. That is, all subtests of a well-defined bat-
tery were administered in a generally fixed manner. As
pediatric neuropsychology began to embrace a more di-
verse referral base that included preschool-aged children
and those with complex neurodevelopmental and medi-
cal conditions, more flexibility has been necessary to gar-
ner the appropriate data.

As stated, comprehensive neuropsychological evaluation
requires sufficient coverage of the full domain of neuropsy-
chological functions believed to be important for supporting
developmentally “normal” behavior. Although neuropsy-
chological domains are not entirely or even mostly indepen-
dent constructs, they do have some level of functional
independence from each other, and neuropsychological
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tests are commonly labeled based on the primary domain
that the test putatively measures (e.g., memory, speech and
language, executive, etc.). Although clinicians can vary sub-
stantially in the specific tests included in their neuropsycho-
logical test batteries (e.g., Wechsler Intelligence Scale for
Children-IV versus Stanford-Binet Intelligence Scale, 5th Edi-
tion), there is substantial agreement about which neuropsy-
chological constructs or domains of functioning should be
measured to obtain a comprehensive assessment. Domains
to be considered include intellectual, academic achievement,
speech and language, visuospatial and perceptual-motor,
memory and learning, and attention and executive function-
ing. In addition, assessment of basic sensory and motor
functions is typically included because of their established
importance for diagnosing and lateralizing brain dysfunc-
tion as well as their importance for understanding the po-
tential contribution of impaired performance on “cognitive
tasks” that have a sensorimotor component as well. In gen-
eral, for pediatric neuropsychological assessment, a broad-
based comprehensive examination is necessary to provide
the clinician with multiple data points from which to make
inferences. The data will provide the clinician with a profile
or pattern of strengths and weaknesses from which to gener-
ate diagnoses as well as compensatory, remedial, therapeu-
tic, and rehabilitation recommendations. Other tests, called
“sign tests,” should be included. These are tasks on which
poor performance is generally seen as pathognomonic for a
specific neuropsychological syndrome (e.g., presence of
clearly aphasic speech). Multiple tests that assess abilities be-
lieved to be normally distributed (i.e., distributed along bell
curve) in the general population (e.g., IQ, memory) should
be administered. These tests lend themselves most readily to
interpretation based on the child’s level of performance rel-
ative to normative expectation. Behavioral, social, and emo-
tional adjustment are also evaluated in the comprehensive
neuropsychological examination.

Often, in addition to assessment of children’s perfor-
mance across multiple domains (e.g., reading skill), fur-
ther, “process”-oriented assessment is performed in an
attempt to better understand the qualitative aspects of per-
formance of the child and its relationship to specific and
overall functioning (Kaplan 1990). Testing of limits is also
often conducted as well to discern a child’s maximum ca-
pability. For example, after a child’s reading abilities have
been identified as poor, it may be useful to eliminate time
demands to discern if processing speed has negatively im-
pacted performance.

NORMAL AND ABNORMAL
DEVELOPMENTAL ISSUES

The nature and extent of the neuropsychological examina-
tion are, in large part, determined by the developmental
level of the child. Many pediatric neuropsychologists
develop expertise in the assessment of school-aged children

from approximately 5 years of age to adulthood. However,
clinicians interested in the mental retardation syndromes,
pervasive developmental disorders, and developmental
delay must develop expertise that extends to as young as 2
years of age. Extensive knowledge of normal childhood
development is a unique aspect of the pediatric neuropsy-
chologists’ repertoire of skills. Likewise, a strong apprecia-
tion of the extremely wide range of normal variability is
critical. The issue of reliability is an often-encountered
problem in testing young children. Nonetheless, this is typ-
ically addressed through the examination of core abilities
with multiple measures as well as with serial testing so that
patterns of strengths and weaknesses can be monitored
closely. Since the mid-1990s, a number of measures and
batteries used to assess neurocognitive and developmental
levels of functioning in children and toddlers with devel-
opmental neuropsychiatric disorders have been developed,
such as the Differential Ability Scale (DAS), NEPSY, and
Mullen Scales of Early Learning (Elliott 1990; Korkman et
al. 1997; Mullen 1995). This has been fueled by an in-
creasing awareness that distinct cognitive and behavioral
profiles exist even in children with mental retardation syn-
dromes, and this is often with islets of abilities that can aid
in the eventual diagnosis and treatment planning. More-
over, these distinct profiles are likely to lead to subsequent
markers for disorders and the identification of potential eti-
ological variables.

In general, the etiology of neuropathology in infants and
children is substantially different from that in adults. For ex-
ample, children are far more likely to be referred for evalu-
ation because of difficulties stemming from congenital or
developmental rather than acquired conditions. More
specifically, as noted, learning and attentional problems are
often encountered referral questions. If a child is referred for
an acquired condition, the primary etiology and contribut-
ing factors are often different than that noted in the adult
population. For example, intracranial neoplasms identified
in children are much more often found to be subtentorial
compared with tumors found in adults (Spreen et al. 1995).
The primary risk for strokes in children occurs during the
prenatal period (Schoenberg et al. 1978), and the neu-
rocognitive outcome is typically more variable given multi-
ple developmental factors (Sreenan et al. 2000; Stiles et al.
2003). Children with traumatic brain injuries are most
likely to occur from falls, whereas in adults traumatic brain
injuries most commonly occur in the context of motor ve-
hicle accidents (Annegers et al. 1980). In adults, neurologi-
cal injury affects the cognitive-behavioral substrate (the
brain) after the individual has acquired and mastered skills.
In children, however, brain damage often has a cascading ef-
fect on later developing cognitive and neurobehavioral
functions, with a particular impact on prefrontal and exec-
utive functions (Eslinger and Biddle 2000).

Although prediction from infants’ and young children’s
test performance to later ability level is possible at the ex-
tremes of the ability distribution, there has been generally
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poor success with predicting later skill levels from test
scores obtained in infancy among those infants who were
not unusually delayed or gifted (Aylward et al. 1987;
Bornstein and Sigman 1987; Gibbs 1990). Nonetheless,
distinguishing a global developmental delay (GDD) from
a specific delay in development (e.g., mixed receptive and
expressive language disorder) can be an important ques-
tion answered by neuropsychological testing, which will
subsequently guide immediate therapeutic efforts. The
distinction between GDD and mental retardation is often
a perplexing one for clinicians examining children of tod-
dler age, and it frequently surfaces as a comorbid issue in
children within the autistic spectrum. As stated in the
Practice Parameters set forth by the American Academy of
Neurology (Shevell et al. 2003), the diagnosis of GDD
typically is reserved for younger children (i.e., younger
than 5 years) who exhibit age-specific deficits in learning
and adaptation (i.e., two standard deviations or more be-
low the mean on an age-appropriate norm referenced
test), for which the etiology is heterogenous and the de-
gree of improvement following intervention is yet to be
determined. In general, a diagnosis of mental retardation
should rarely be made prior to age 5 when the assessment
of intellectual abilities is much less valid and reliable.

An equally difficult distinction to make is between
children with pervasive developmental disorder not other-
wise specified and those with significant developmental
language disorders. Neuropsychological testing can often
illuminate many of the distinguishing features with stan-
dardized tools such as the Autism Diagnostic Interview-
Revised (ADI-R: Lord et al. 1994) or the Autism Diagnostic
Observation Schedule (ADOS: WPS Edition; Lord et al.
1999) in conjunction with traditional neuropsychological
measures. In concert, these tools can improve diagnostic
specificity as well as provide the clinician with a pattern of
cognitive and behavioral strengths and weaknesses from
which to generate remedial interventions.

Issues typically assessed in school-aged children are re-
lated to academic or learning, and behavioral difficulties,
although the etiologies are vast. As noted, the etiology
may be congenital, ideopathic, or acquired (e.g., epilepsy
or traumatic brain injury), and the neuropsychological as-
sessment will help to define cognitive deficits that may
negatively impact academic functioning. For example, de-
layed processing speed in a child with a brain injury may
suggest the need to extend or eliminate time demands to
maximize the child’s performance. With the advances
made in modern medicine in improving infant mortality,
school-aged children with histories of low birth weight are
becoming an increasingly prevalent diagnostic group as-
sessed by pediatric neuropsychology (Doyle and Casalaz;
Victorian Infant Collaborative Study Group 2001; Taylor
et al. 2004). Children with low birth weight (LBW) often
encounter long-term neurocognitive and behavioral diffi-
culties secondary to the known medical complications
that are linearly related to the degree of LBW, such as

intraventricular hemorrhage, hydrocephalus, cerebral
palsy, and retinopathy of prematurity.

NEUROPSYCHOLOGY IN THE PEDIATRIC
NEUROPSYCHIATRIC SETTING

Neuropsychological evaluation has a substantial role to
play in pediatric neuropsychiatry. Research in child psy-
chopathology has demonstrated that many of the disor-
ders of childhood that were previously only presumed to
result, in large part, from dysfunctional brain systems
have been found, in fact, to be related to aberrant patterns
of connectivity within the central nervous system (e.g.,
learning disorders [Bigler et al. 1998; Hiemenz and Hynd
2000], attention-deficit/hyperactivity disorder [ADHD]
[Hale et al. 2000]). Several of the DSM-IV childhood
behavior disorders (e.g., conduct disorder, oppositional
defiant disorder, ADHD) are associated with a high preva-
lence of comorbid learning problems, and for this reason
the use of neuropsychological assessment in these patient
groups is commonly indicated. Likewise, children with
Tourette’s frequently encounter comorbid attentional,
learning, and emotional difficulties, and neuropsycholog-
ical testing can be useful in distinguishing an attentional
disorder from anxiety.

The role of pediatric neuropsychology in the assessment
of children with suspected or known genetic disorders that
present with comorbid psychiatric illness is also becoming
increasingly prevalent. Genomic disorders such as velocar-
diofacial syndrome (VCFS)(22q11.2 deletion syndrome),
William syndrome, Prader-Willi syndrome, and Angelman
syndrome present with characteristic physical, cognitive,
and behavioral features (Lajiness-O’Neill et al. 2005;
Nichols et al. 2004). For example, the rate of schizophrenia,
bipolar disorder, and possibly obsessive compulsive disor-
der has been reported to be as high as 30% in individuals
with 22q11.2 deletion syndrome, significantly higher than
the general population (Eliez et al. 2001). As discussed by
Finegan (1998), behavioral phenotypes will play a critical
role in (1) delineating syndromes, (2) illuminating in-
trasyndrome variability, (3) spawning theory development,
and (4) understanding brain-behavior relationships and
the genetic bases of behavior.

Children with teratogen exposure often present to the
pediatric neuropsychologist due to significant behavioral
and learning difficulties. For example, children who have
chronic and significant lead exposure experience a pre-
dictable pattern of difficulties that includes substantial dys-
regulation and features of attention-deficit/hyperactivity
disorder, aggression, and learning disorders (Ris 2003;
Trask and Kosofsky 2000). Without a thorough assessment,
these children are often missed or misdiagnosed, with an
emphasis placed on the manifest behavior (oppositional
defiant disorder, conduct disorder) and without a clear un-
derstanding of the precipitant.
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NEUROPSYCHOLOGY IN THE PEDIATRIC
MEDICAL REHABILITATION SETTING

Historically, both neuropsychiatry and neuropsychology
have been involved in the assessment and treatment of
children with medical disorders that have a direct impact
on central nervous system functioning such as hydro-
cephalus, brain injury, tumors, and epilepsy (Yeates et al.
1999). A sizable empirical knowledge base has developed
demonstrating that medical disorders secondarily affecting
the central nervous system (e.g., craniofacial) or primarily
affecting nonbrain organ systems can, under certain condi-
tions, have neuropsychological sequelae as well. Examples
include research relating cardiac, renal, pulmonary, and
immune disorders to neuropsychological deficits (Fennell
1999; Pulsifer and Aylward 1999). Of course, behavioral
adjustment to certain medical procedures and conditions
can be difficult even in the absence of neuropsychological
sequelae. Loss of cognitive functioning, however, can make
emotional and behavioral adjustment even more difficult.

Neuropsychologists, because of their background in
both clinical psychology and neuropsychology, have spe-
cial skills to offer pediatric medical patients and their
families. The neuropsychologist can assist in behavioral
management, family treatment, and consultation to the
child’s other treatment providers. Children with behavioral
difficulties stemming from neurological disorders may pre-
sent with poor compliance behaviors, emotional lability,
or general adjustment difficulties. Illness, recovery from in-
jury, and certain treatments are difficult for cognitively in-
tact children to manage. This set of circumstances becomes
even more overwhelming for the child who may be experi-
encing confusion or frustration because cognitive (includ-
ing perceptual, language, and conceptual) processes have
become impaired. The neuropsychologist can be particu-
larly useful in both assisting the child with behavioral ad-
justment and in making recommendations to physicians,
parents, and teachers about intervention strategies.

NEUROPSYCHOLOGY IN THE 
SCHOOL SETTING

Outpatient pediatric practices include referral of a large
number of children whose difficulties are recognized pri-
marily within the classroom setting. Difficulties prompting
referrals include behavioral, emotional, and academic
problems. Diagnosis and treatment planning can be sub-
stantially aided by comprehensive neuropsychological
assessment. A complex issue that frequently surfaces in the
academic setting is that of the distinction between 
attention-deficit/hyperactivity disorder (ADHD) and learn-
ing disability. Children are often perceived or diagnosed as
having (ADHD) when learning disability is the primary
source of their inattention and distractibility. Nonetheless,
it is also important to recognize that many individuals with

ADHD also have comorbid learning disorders, with rates as
high as 10% to 25% reported (American Psychiatric Asso-
ciation: Diagnostic and Statistical Manual of Mental Disor-
ders-IV, 1994). Likewise, primary language disorders can
significantly interfere with the acquisition of reading while
sensorimotor deficits may negatively impact graphomotor
and written language abilities. Provision of data on the
child’s cognitive strengths and weaknesses can allow more
realistic, positive, and useful strategies to be developed for
use in the classroom.

Emotional and interpersonal adjustment difficulties are
commonly seen in combination with cognitive deficits. The
neuropsychological assessment can help to distinguish a pri-
mary anxiety or mood disorder from an attentional or learn-
ing disorder. Neuropsychological evaluation may help the
treatment provider and family members understand why a
child is having a difficult time interpersonally. Clinicians
and researchers have begun to identify additional forms of
learning disorders such as nonverbal learning disability
(NLD) (Rourke 1995) that may serve as a marker for other
developmental (e.g., Asperger syndrome) and psychiatric
conditions for which interpersonal difficulties is a crucial
feature. Children with NLD display a predictable pattern of
cognitive strengths and weaknesses that are purported to un-
derlie their social deficits. More specifically, children with
NLD exhibit deficits in sensorimotor, visuospatial, percep-
tual motor functioning, nonverbal memory, and novel prob-
lem solving with a concomitant weakness in mathematics.
The constellation of deficits is purported to contribute to the
child’s inability to accurately interpret the subtle nuances in
social exchanges, which interferes with appropriate reciproc-
ity in relationships and subsequently cascades into signifi-
cant interpersonal deficits.

EXAMINATION OF BRAIN-BEHAVIOR
RELATIONSHIPS

Domains of Neuropsychological Functioning

General Intelligence/Developmental Assessments
Intelligence, most commonly represented by IQ tests, is an
area of broad coverage that should be included in the neu-
ropsychological examination of children. Intelligence mea-
sures are widely used across disciplines, specialties, and set-
tings. They provide an assessment of cognitive abilities and
intellectual potential that can be used to compare a child’s
relative standing with that of his or her same age peers and
corresponding demographic factors. They have been found
most useful in predicting academic success. However, they
also offer clinicians important information on a child’s pat-
tern of cognitive strengths and weaknesses. For example,
certain tests will provide information on verbal compared
to visual-spatial intellectual skills, attention and working
memory abilities, and processing speed, as well as infor-
mation processing styles. However, certain limitations exist
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that must be taken into consideration when choosing to
administer an intelligence test. For example, IQ subtest
scores are thought to provide limited information as to
domain-specific abilities, to be relatively insensitive to
brain dysfunction including mild cognitive impairment
(Peavy et al. 2001), and to have limited value and reliabil-
ity in identifying students with learning disabilities based
on the IQ-academic achievement discrepancy model (Stue-
bing et al. 2002; Vellutino et al. 2000).

Since the late twentieth century, several tests have been
designed to assess intellectual potential in children (Table
4.1). The well-known Wechsler series of intelligence tests
typically assess verbal and nonverbal intellectual abilities,
processing speed, and working memory performances.
These tests are designed to measure intellectual potential in
toddlers (i.e., WPPSI-III), children and adolescents (i.e.,
WISC-IV), and adults (i.e., WAIS-III). An abbreviated version
also exists that can be used in children and adults (i.e.,
WASI). Other widely used measures of intellectual potential

include, but are not limited to, tests that assess both verbal
and visual-spatial intellectual abilities in the context of fluid
versus crystallized forms of intelligence (e.g., SB-5), tests that
co-norm results of cognitive ability and academic achieve-
ment (e.g., DAS and WJ-III-Tests of Cognitive Abilities), tests
of nonverbal intelligence where language influences are re-
duced to a minimum (e.g., TONI-3 and Leiter-R), and tests
assessing intelligence through sequential versus simultane-
ous mental processing styles (e.g., K-ABC-II). The choice of
which test to select depends on the individual’s age, cultural
aspects (e.g., familiarity with the English language), reason
for referral, presence of specific or global delays in develop-
ment, report of functional impairments (e.g., impaired hear-
ing or vision), and nature and severity of psychopathology.

In light of recent advances in the early detection of neu-
rodevelopmental disorder, pediatric neuropsychologists
are more than ever asked to provide developmental assess-
ment of toddlers and preschoolers. These assessments are
often requested when an underlying neurodevelopmental
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TABLE 4.1
SELECTED TESTS OF INTELLIGENCE AND ACADEMIC ACHIEVEMENT

Test Age/Grade Range

Intelligence

Cattell Infant Intelligence Scale 3–30 months
Detroit Test of Learning Aptitude–4 (DTLA-4) 6–17 years
Differential Ability Scale (DAS) 21⁄2–17 years
Kaufman Assessment Battery for Children–II (K-ABC-II) 3–18 years
Leiter International Performance Scale, Revised (Leiter–R) 2–20 years
Miller Assessment for Preschoolers 23⁄4–5 years
Slosson Intelligence Test, Revised 3 (SIT R3) for Children and Adults 4–65 years
Stanford-Binet Intelligence Scale, 5th Ed. (SB-5) 2–85 years
Test of Nonverbal Intelligence, 3rd Ed. (TONI-3) 6–89 years
Wechsler Adult Intelligence Scale, 3rd Ed. (WAIS-III) 6–89 years
Wechsler Intelligence Scale for Children–IV (WISC-IV) 6–16 years
Wechsler Preschool and Primary Scale of Intelligence, 3rd Ed. (WPPSI-III) 21⁄2–71⁄4 years
Woodcock Johnson III (WJ-III) Tests of Cognitive Abilities 2–90� years

Academic Achievement

Kaufman Test of Educational Achievement–II (K-TEA-II) 41⁄2–25 years
Peabody Individual Achievement Test, Revised (PIAT-R) 5–18 years
Wechsler Individual Achievement Test, 2nd Ed. (WIAT-II) 4–85 years
Wide Range Achievement Test, 3rd Ed. (WRAT-3) 5–75 years
Woodcock Johnson Tests of Achievement, 3rd Ed. (WJ-III) 2–90 years

Specific Academic Areas

Boder Test of Reading-Spelling Patterns 6–24 years
Gray Oral Reading Test, 4th Ed. (GORT-4) 6–18 years
Nelson-Denny Reading Test Grades 9–16
Test of Early Mathematics Ability, 3rd Ed. (TEMA-3) 3–8 years
Test of Early Reading Ability, 3rd Ed. (TERA-3) 31⁄2–81⁄2 years
Test of Early Written Language, 2nd Ed. (TEWL-2) 3–10 years
Test of Mathematical Abilities, 2nd Ed. (TOMA-2) 8–18 years
Test of Reading Comprehension, 3rd Ed. (TORC-3) 7–17 years
Test of Written Expression (TOWE) 61⁄2–14 years
Test of Written Language, 3rd Ed. (TOWL-3) 71⁄2–17 years

Dashes in age/grade ranges indicate “through.”
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disorder is suspected early on, when delays are noted
in specific areas (e.g., motor, language, or socialization
development), to determine a child’s need for early inter-
vention and treatment, and to determine a child’s readiness
for school. A number of tests were constructed based on de-
velopmental models and use developmentally appropriate
tasks (Tables 4.2 and 4.3). For example, the BSID–3 is a
measure of early motor and cognitive development that
can be used with infants and toddlers and is adjustable to
account for prematurity. This test yields index scores that
can be translated into age equivalents to determine a child’s
developmental level of functioning. Other tests such as the
Mullen Scales of Early Development and NEPSY provide
information on a range of abilities such as motor develop-
ment, expressive and receptive language skills, visuospatial
skills, memory, and executive functions. During the toddler
and early childhood years, tests such as the Bracken Basic
Concept Scale-Revised (Bracken 1998) measures basic con-
cept acquisition and receptive language skills to determine
a child’s readiness for school by assessing preliteracy skills.
However, caution is suggested in interpreting the results
generated from these measures as they are not designed to

be used as predictors of eventual long-term cognitive
deficits. Instead, an impaired performance on these mea-
sures would lead to recommendations that would include
the need for follow-up neuropsychological evaluations of
those identified as developmentally delayed or at-risk, as
well as recommendations toward appropriate medical, psy-
chological and academic interventions.

Academic Achievement

Children who are perceived as struggling academically
should be referred for a comprehensive psychoeducational
or neuropsychological evaluation. Deficits in acquiring gen-
eral academic skills (reading, spelling, mathematics) in the
first few years of elementary school set the child up for hav-
ing difficulties in the later grades, when these skills must be
efficiently used to acquire new knowledge and to keep up
with the classroom curriculum. In addition to information
that is typically obtained through a psychoeducational eval-
uation usually provided by a school psychologist, neuropsy-
chological assessments are helpful in ruling out other factors
that might be contributing to a child’s academic difficulties
beyond learning disabilities, such as problems with execu-
tive functioning abilities and behavioral regulation, lan-
guage processing difficulties, sensorimotor problems, and
emotional factors. In light of federal guidelines, the model
used to determine a child’s eligibility for educational services
is that of a discrepancy between intellectual abilities and aca-
demic achievement. Over the years, many concerns have
been raised about the use of the IQ-achievement discrepancy
model as the basis for identifying and providing services to
children with learning disabilities. Efforts have been made to
pass a bill for which response to intervention would be used
to identify students with learning disabilities.

Reading
Many students with a reading disorder or dyslexia have
difficulty with one or more aspects of the reading process

Chapter 4: Neuropsychological and Psychoeducational Testing 81

TABLE 4.2
SELECTED TESTS OF DEVELOPMENTAL AND ADAPTIVE FUNCTIONING

Test Age Range

Adaptive Behavior Assessment System, 2nd Ed. (ABAS 2nd Ed.) 0–89 years
Adaptive Behavior Inventory 6–18 years
Adaptive Behavior Scale–School, 2nd Ed. (ABS-S:2) 3–21 years
Batelle Developmental Inventory, 2nd Ed. (BDI-2) 0–8 years
Bayley Scales of Infant Development, 3rd Ed. (BSID-3) 0–31⁄2 years
Child Development Inventory (CDI) 0–6 years
Denver Developmental Screening Test-II (DDST-II) 0–6 years
Developmental Profile II (DP-II) 0–7 years
Mullen Scales of Early Learning 0–68 months
Scales of Independent Behavior-Revised (SIB-R) Infancy to 80� years
Vineland Adaptive Behavior Scales Birth to 18 years

Dashes in age ranges indicate “through.”

TABLE 4.3
SELECTED NEUROPSYCHOLOGICAL
TEST BATTERIES

Test Age Range

Halstead-Reitan Neuropsychological Test Battery 9–14 years
for Children

Luria-Nebraska Neuropsychological Test Battery 8–12 years
for Children

NEPSY: A Developmental Neuropsychological 3–12 years
Assessment

Reitan-Indiana Neuropsychological Test Battery 5–8 years
for Children

Dashes in age ranges indicate “through.”
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that cannot be accounted for by intellectual limitations,
functional impairments, or inadequate schooling. Some stu-
dents have difficulty decoding words; others have problems
acquiring a sight vocabulary or accessing words rapidly; still
others have difficulty comprehending (Catts et al 2002).
Dyslexia may also be categorized depending on a child’s
primary deficits: problems with phonetic processing (dys-
phonetic dyslexia), problems with orthographic retrieval
(dyseidetic dyslexia), or a combination of both (dyspho-
netic/dyseidetic dyslexia) (Boder and Jarrico 1982).
Nonetheless, it is important to recognize that attempts at
subtyping are purely descriptive as no valid subtypes have
been delineated. As Pennington (2002) noted, reading dis-
orders are a form of language disorder, and two primary pro-
cesses have been found to be critical for efficient reading:
phonological decoding and rapid naming. As such, reading
diagnostic tests are typically designed to assess phonological
processing such as word attack skills and rapid automatized
naming as well as sight word reading, reading rate, fluency,
and reading comprehension (Table 4.1).

Problems with reading are often observed when a child is
asked to read single words orally. Although tests for oral
reading of sight words are widely used to determine word
recognition and decoding skills, they are not sufficient for
planning intervention. They typically yield information
about expected age and grade-level performance, but they
provide limited information as to the etiology of these diffi-
culties, such as problems with phonological processing,
rapid access to sight words, and so on. To assist in evaluating
phonological processing abilities, clinicians will administer
tasks that examine many aspects of phonological processing,
such as a child’s ability to transform sounds into graphemes,
apply phonic rules to decode nonwords, substitute syllables
in words, detect initial or final sounds of words, categorize
sounds, or segment words by syllable and phoneme. Several
studies have found that students with dyslexia and related
reading disabilities struggle with phonological processing
(Habib 2000; McCandliss and Noble 2003; Temple 2002).

As noted, rapid access of words from one’s lexicon or
naming is considered to be a critical skill for efficient read-
ing. Tests that assess this skill may require the subject to
rapidly name letters, numbers, or objects with specific char-
acteristics, under time constraints. Therefore, the subject
must first process the information visually, followed by
forming a semantic representation, accessing a correspond-
ing phonological word and recognizing the sequence of ar-
ticulated phonemes (Denckla and Rudel 1976). Another as-
pect of reading that is often identified as problematic is a
child’s reading comprehension skills. Tests that assess literal
and inferential reading comprehension typically require that
a student read brief or lengthy passages or stories, silently or
out loud, and then answer questions. Certain children, such
as those within the autistic spectrum, are often noted to ex-
hibit another form of reading disorder called hyperlexia
syndrome, in which superior ability for reading is noted with
poor reading comprehension (Grigorenko et al. 2002).

Writing
Several aspects of writing should be examined when a dis-
order of written expression or dysgraphia is suspected
(Sandler et al. 1992). Therefore, the use of tests that diag-
nose deficits in legibility, fluency, spelling, written gram-
mar, and thought expression are frequently used (Table
4.1). In a significant portion of children, the written lan-
guage disturbance is associated with reading difficulties,
developmental language disorders, or developmental mo-
tor coordination disorders. Visuomotor integration or
copying ability as well as fine motor problems should first
be ruled out as contributing factors (see Sensorimotor
Functions), as these difficulties can interfere with a stu-
dent’s ability to convey ideas in writing. Spelling skills are
typically assessed through dictation. However, in children
with severe graphomotor problems, tests for which the
student identifies the correct word can be administered
(e.g., Peabody Individual Achievement Test—Revised).
Third, written grammar should be assessed to determine if
writing problems are secondary to the student’s oral lan-
guage or unique to the written domain. Certain measures
also test for proofing, punctuation, and spelling (e.g., WJ-
III). Finally, the ability to express ideas through a written
modality should be assessed to evaluate organization, co-
hesion, and sense of audience, as well as other skills dis-
cussed earlier. Often, problems related to spelling, vocab-
ulary, and grammar interfere with written discourse.
However, some students have particular difficulty generat-
ing and organizing their ideas. Some have difficulty ad-
justing their language to meet the needs of the reader.
Tests assessing this dimension of written language usually
require the child to write a story about a picture or write
sentences to complete short paragraphs. Results are ana-
lyzed for vocabulary, cohesion, organization, level of ab-
straction, and thematic maturity, as well as for contextual
spelling and grammar. When working with younger chil-
dren, tests such as the TEWL-2 focus on a child’s ability to
copy, spell words, write sentences from dictation, and
write simple messages, notes, and other types of discourse
expected of the developing writer.

Mathematics
Certain students have a specific learning disability that affects
primarily the acquisition of arithmetic skills (Shalev and
Gross-Tsur 2001). This type of learning disability is referred
to as a mathematics disorder or dyscalculia. Although dyscal-
culia typically refers to children who exhibit significant diffi-
culty with computations or difficulty with problem-solving
abilities, other students with visual-spatial difficulties can dis-
play problems understanding quantitative and measurement
concepts or aligning numbers properly to perform calcula-
tions. Tests measuring aspects such as calculations, mathe-
matical fluency through rote memorization of basic calcula-
tions, and the ability to apply mathematical concepts
through story problems are helpful in determining the
presence of this type of learning disability (Table 4.1). How-
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ever, the presence of comorbid learning disabilities should be
examined as those with reading disorders may have adequate
understanding of concepts and computation abilities but
struggle with understanding story problems.

Sensorimotor Functions
Sensorimotor functions have traditionally been considered
markers of normal development and provide the clinician
with information regarding lateralized dysfunction (Thelen
1995). Prior to generating an interpretation based on ob-
servations and test results of more complex integrative
skills, primary sensory processes must be intact. Therefore,
determining a child’s visual and auditory acuity through
documentation of recent screens, as well as observations
during testing, is crucial. Moreover, the assessment of com-
plex sensory integrative functions (e.g., visual, auditory, and
tactile) are assessed by examining sensory suppressions
(extinction) in response to bilateral sensory stimulation.
Neurological soft signs are a useful component of a neu-
ropsychological assessment. They can provide insight into
the presence and severity of neurological compromise, pro-
vide information as to areas of cerebral dysfunction, and
document developmental as opposed to acquired brain dys-
function. For example, rapid alternating and fine finger
movements as well as evidence of dysmetria are examined.
Handedness is generally established by the time a child is
starting elementary school and provides information as to
lateralization of cognitive functions. Dominance may be
determined by using tests and inventories of hand, eye, and
foot preference in a number of activities or by observing
hand preference in tasks such as writing. Bilateral fine mo-
tor speed, dexterity, and strength are typically assessed
through tasks in which the child is asked to manipulate
small objects, accomplish simple finger movements in a
rapid fashion, and grip an apparatus. Deficits in tactile and
kinesthetic information processing may also be measured.
Deficits in these areas may lead to difficulty in tasks that rely
heavily on motor control such as graphomotor activities,
manual coordination, and eye-hand coordination (Levine
1987; Luria 1973). A number of children who are described
as clumsy or uncoordinated and who are otherwise neuro-
logically intact may be apraxic or dyspraxic. In other words,
they struggle with movement representation and perfor-
mance of sequential movements to accomplish an action
(Luria 1973). Asking a child to pantomime acts such as
brushing his or her hair, hammering a nail, and waving
good-bye may assess this condition. An informal screen of
other aspects of motor functioning such as oculomotor and
oral motor functions is also frequently conducted to discern
their relative contribution to a child’s difficulties.

Visuospatial, Visuoconstructional, and
Visuoperceptual Functions
Deficits in this cognitive domain can lead to academic dif-
ficulties and reluctance of a student to engage in tasks that
rely heavily on perceptual and spatial abilities, such as

mathematics, drawing, and handwriting. In more severe
cases, it can affect a child’s ability to process social cues and
nonverbal communication and lead to emotional distress
and stress in social settings (Dimitrovsky et al. 1998; Ross
et al. 2000; Rourke et al. 2002b; Wooden et al. 2001). Many
tests exist that measure different aspects of visual-spatial
abilities from basic perceptual processes to basic drawing
abilities, visuospatial orientation, figure-ground discrimi-
nation, visuospatial reasoning, and so on (Table 4.4). Chil-
dren may be asked to draw a picture as a way of initiating
testing while assessing perceptual-motor skills, emotional
status, and developmental maturity. One of the most
widely used measures of developmental visuomotor ability
is the Beery-Buktenica Developmental Test of Visual-Motor
Integration (Beery et al. 2004), which involves the repro-
duction of increasingly complex shapes. For school-aged
children, the Rey Complex Figure Test is another popular
visuomotor test that provides information on a child’s abil-
ity to plan and execute a complex design. To assess visuo-
constructional praxis and provide information about other
aspects of visual-spatial and executive functioning abilities,
clock drawing may be used in children (Cohen et al. 2000).
In children with suspected fine motor deficits, motor-free
tests that measure visuospatial abilities are useful.

Speech and Language
Speech refers to the mechanics of oral communication
while language refers to the ability to communicate infor-
mation. Children who display early language impairments
are at greater risk of developing academic difficulties
(Rapin 1998). Difficulties in communication, either in
receptive or expressive language functions, may be devel-
opmental or acquired. A number of screening measures ex-
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TABLE 4.4
SELECTED TESTS OF SENSORIMOTOR,
PERCEPTUAL, AND CONSTRUCTIONAL
FUNCTIONS

Test Age Range

Bender Visual-Motor Gestalt Test, 2nd Ed. 4 years–adulthood
Benton Visual Retention Test, 5th Ed. 8 years–adulthood
Developmental Test of Visual-Motor 2–18 years

Integration, 5th Ed. (Beery VM1-5)
Developmental Test of Visual Perception, 4–10 years

2nd Ed. (DTVP-2)
Grooved Pegboard 4 years–adulthood
Judgment of Line Orientation (JOLO) 7 years–adulthood
Perceptual-Motor Assessment for Children 4–16 years
Purdue Pegboard Test 5 years–adulthood
Test of Visual Motor Integration 4–17 years
Test of Visual-Perceptual Skills (Nonmotor), 4–12 years

Revised
Wide Range Assessment of Visual Motor 3–17 years

Abilities

Dashes in age ranges indicate “through.”
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ist that assess several aspects of expressive and receptive
language skills such as articulation, phonological process-
ing, naming, verbal fluency, repetition, reading, spelling
(oral and written), written expression, and comprehension
of instructions (Table 4.5). Difficulties with phonological
processing, naming, reading, spelling, and writing skills
were previously discussed (see Academic Achievement).
Other aspects of language that are frequently assessed are
receptive and expressive language skills.

Receptive Language
To ascertain whether a child has a disturbance in auditory
receptive language, he or she may be required to demon-
strate an understanding of spoken words, but with de-
mands on verbal responding reduced. For example, the
child may be given a set of pictures and asked to identify
the one that corresponds with words spoken by the exam-
iner (e.g., “Point to rectangle”). Certain tests that are con-
sidered to be a measure of the child’s vocabulary can also
be used as a screening measure for verbal intelligence.
Some children understand single words but have difficulty
understanding more complex language. Certain tests are
designed to assess receptive language components such as
comprehension of oral language, figurative language, and
other types of discourse. Listening skills may also be as-
sessed by asking a child to follow commands when gram-
matical and syntactical complexity is increased. Children
who struggle with behavior regulation, with holding on to
verbal information, or with sequencing oral instructions
may display poorer performances on these tasks. Memory
is essential for comprehension, and some children have

difficulty retaining what they have heard because of deficits
in auditory memory. Therefore, they may struggle in school
not because they are unable to complete assignments, but
because they cannot remember a series of oral directions.
Failure to understand spoken language may result in prob-
lems with social communication and academic difficulties.

Expressive Language
Children who have a history of delays or difficulty with ex-
pressive language skills tend to struggle academically in ar-
eas such as reading as well as oral and written expression
(Lewis et al. 2000; Rescorla 2002). Expressive language
deficits may also interfere with impairments in arithmetic
skills (Manor et al. 2001). Measures used to assess basic ex-
pressive language skills focus on a child’s ability to name
objects and pictures. More complex expressive language
skills involve other aspects of language, such as word defi-
nition and the ability to formulate and express ideas and
thoughts orally. These skills are assessed by asking children
to explain how to make or do something, to tell a story, or
to give directions. Finally, pragmatics, or social language
use, is evaluated. Pragmatics, which is in some respects the
most important aspect of language, involves the ability to
use language for various functions, to meet the needs of lis-
teners in various contexts, and to use nonverbal communi-
cation appropriately. Disturbances in any of the previously
discussed areas of language can interfere with pragmatics.
These individuals may have adequate phonology, vocabu-
lary, and syntax but do not use language appropriately for
communication. They may not use good listening behav-
iors; for example, they may not look at the speaker, or they
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TABLE 4.5
SELECTED TESTS OF LANGUAGE FUNCTIONS

Test Age/Grade Range

Aphasia Screening Test 5–8 and 9–14 years
Beery Picture Vocabulary Test 2–12 years
Boston Naming Test 6 years–adulthood
Clinical Evaluation of Language Functions, 4th Ed. (CELF-4) K–grade 12
Comprehensive Receptive and Expressive Vocabulary Test, 4–17 years

Second Edition (CREVT-2)
Comprehensive Test of Phonological Processing (CTOPP) 5–24 years
Controlled Oral Word Association Test (COWAT) 6 years–adulthood
Expressive One-Word Picture VocabularyTest, 2000 Ed. (EOWPVT-2000) 2–18 years
Lindamood Auditory ConceptualizationTest, 3rd Ed. (LAC-3) 5–18 years
Multilingual Aphasia Examination, 3rd Ed. (MAE-3) 6–adulthood
Peabody Picture Vocabulary Test, 3rd Ed. (PPVT-III) 21⁄2–90� years
Test of Early Language Development, 3rd Ed. (TELD-3) 2–7 years
Test of Language Development, Primary and Intermediate 4–8 years and
(TOLD-P:3 and TOLD-I:3) 8–12 years
Test of Word Finding, 2nd Ed. (TEF-2) 4–12 years
Token Test 3 years–adulthood
Western Aphasia Battery 13 years–adulthood

Dashes in age/grade ranges indicate “through.”
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may not wait for the speaker to finish a sentence. Others
cannot maintain a conversation or focus on a topic. Gener-
ally, pragmatic problems can be observed throughout the
evaluation during informal conversations and by noting
eye contact, turn taking, requests for clarification, and the
ability to convey ideas clearly.

Attention and Concentration
Neuropsychologists are often recruited to determine
whether a child has attentional problems or attention
deficit/hyperactivity disorder (ADHD), as a neuropsycho-
logical evaluation can assist in ruling out whether atten-
tional problems may be secondary to other factors, such as
learning disabilities or emotional disturbances. Disrupted
attentional processes can be responsible for performance
deficits on other tests that examine cognitive abilities such
as memory, problem solving, visual-spatial processing, and
so forth. The comprehensive neuropsychological battery
will include tests, some computer-based, that assist in iso-
lating deficits in attentional processes from deficiencies in
other cognitive domains (Table 4.6). Depending on the
type and severity of attentional problems, different treat-
ment approaches may be recommended in both home and
school settings.

Attention and concentration are thought to be com-
posed of several different components that may be assessed
through tests. For example, selective/focused attention
refers to an individual’s level of vigilance in monitoring in-
formation in the presence of distracting stimuli. Tests that
measure this type of attentional skills assess an individual’s
ability to stay focused despite the presence of distractors.
For example, a child could be asked to scan a page with dif-
ferent stimuli and cross out target stimuli. Divided atten-
tion refers to an individual’s ability to attend to more than
one task at a time. This type of attention refers to one’s abil-
ity to multitask and appears to have the most effect on daily
experiences. Tests that would measure this attentional skill

would, for example, require the child to perform two types
of tasks at the same time, such as remembering three letters
for a brief period of time while counting backward out
loud. Sustained attention refers to one’s ability to maintain
vigilance and performance over time, in the context of a
continuous or repetitive activity. The two latter types of at-
tention are particularly affected in children with ADHD, as
they tend to struggle on tests for which sustained attention
over an extended period of time is required. Finally, alter-
nating attention is used in describing an individual’s abil-
ity to mentally shift his or her attention from one task to
another. Tests that measure this type of attention will typi-
cally examine a child’s tendency to perseverate in their re-
sponse pattern despite instructions or redirection during
testing. Children with an autistic spectrum disorder tend to
struggle with this aspect of attention (Baron 2004).

Tests that examine brief auditory attentional capacity
or a child’s ability to hold on to as much information as
possible are referred to as span tests. For example, on such
tests a child may be instructed to repeat a series of letters,
numbers, or words in a specific order, or repeat a se-
quence of hand movements. In adults, an average span
has traditionally been of 7 �/�2 bits of information
(Miller 1956). Children will increase their ability to hold
on to information with cerebral maturation and reach
adult level performance around age 9 (Rudel and Denckla
1974). Children who struggle with these tasks are often
described as forgetful and as struggling with following
multistep instructions.

Memory and Learning
Problems with memory are often cited as reasons for re-
ferrals for a neuropsychological evaluation in almost all age
groups. Many children and adolescents struggle with
remembering instructions and with learning information,
hindering their academic success. Although memory
deficits or amnestic disorders exist in children, they are
quite rare and are most often secondary to cerebral insult
such as epilepsy, anoxia, brain tumors, or head injuries
(Vargha-Khadem et al. 2003; Williams and Sharp 1999).
Memory or learning problems most often reflect difficulties
with other cognitive functions such as attentional pro-
cesses, executive functioning, and language or visuospatial
processing. Most child memory batteries or tests will use
downward extensions of tasks used in adult memory bat-
teries and assess a child’s ability to encode and consolidate
information, as well as retrieve or recognize the informa-
tion after a short and long delay (Table 4.7). Memory tasks
have been developed for children as young as 3. They typi-
cally involve tasks that assess verbal and nonverbal mem-
ory processes, or both simultaneously. Verbal memory can
be examined by asking a child to repeat stories, sentences,
lists of words, or words that have been paired with other
words, and so on. Nonverbal memory tasks may involve re-
membering faces, locations, and designs or pictures, for ex-
ample. The child’s performance across separate memory
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TABLE 4.6
SELECTED TESTS OF ATTENTION,
CONCENTRATION, AND MENTAL
PROCESSING SPEED

Test Age Range

Auditory Continuous Performance Test 6–11 years
Conners Continuous Performance Test, 4 years–adulthood

Second Edition (CCPT-II)
D2 Test of Attention 9–59 years
Gordon Diagnostic System 4–16 years
Symbol Digit Modality Test 8 years–adulthood
Test of Everyday Attention for Children 6–16 years

(TEA-Ch)
Test of Variables of Attention 4–80 years
Trail Making Test 9 years–adulthood

Dashes in age ranges indicate “through.”
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tests will provide the clinician with a reliable pattern of
strengths and weaknesses (e.g., visual versus verbal learn-
ing) that assist in the elaboration of educational strategies.

Executive Functions
Executive functions refer to a wide variety of complex cog-
nitive processes and behaviors. For example, complex
problem solving and reasoning, working memory, mental
flexibility, inhibition, initiation, planning, and organiza-
tion all fall under the umbrella of executive functions
(Denckla 1989; Welsh et al. 1991). Executive dysfunction is
a core aspect of the difficulties encountered by many chil-
dren, and these deficits may be developmental in nature
(i.e., ADHD, autism, Tourette’s syndrome) or acquired
(e.g., traumatic brain injury). Executive dysfunction may
manifest as problems with attention, impulse control, per-
severation, apathy, or emotional dysregulation (Gioia et al.
2002). Students with learning disabilities tend to display
executive functioning difficulties such as problems with
initiation, inhibition, and set shifting (Hooper et al. 2002).
Tests have been developed to assess executive functioning
in children starting at a very young age (Table 4.8). When
executive functions are of concern, it is also important to
obtain information about the student’s behavior in natural
contexts, since highly structured test situations do not al-
ways reveal the problems. Observations by parents, teach-
ers, and the student themselves are helpful in noting
whether assistance and accommodations are needed.

Personality and Psychosocial Functioning
The evaluation of psychological, social, and behavioral fac-
tors is an important part of the neuropsychological evalua-
tion (Table 4.9). It provides information about a child’s
emotional and behavioral level of functioning across set-
tings, as well as information about his or her coping abili-
ties when faced with difficulties. Although formal projective
personality measures can be administered (ex. CAT,
Rorschach Test), the assessment of a child’s emotional and

psychological level of functioning relies heavily on
information obtained from parents and teachers. Attention
and concentration difficulties, problems with impulse con-
trol, mood disturbances, social difficulties, and other be-
havioral or emotional problems may be assessed through a
variety of subjective paper-and-pencil questionnaires com-
pleted by the parent, teacher, and the child. This informa-
tion is useful for interpreting performance on cognitive
tests, as deficits may be accounted for by developmental
psychopathology (for example, ADHD) or exacerbated by
the onset of emotional distress (such as depression).

INTERPRETATION OF THE
EXAMINATION

Validity of Test Scores

Interpretation within the neuropsychological assessment is
not performed in a vacuum. There are multiple potential ex-
planations for a child’s poor performance on any test. The
first point to consider in determining the validity of obtained
test scores is the child’s level of cooperation and effort. Test
scores, unlike radiographs or other medical procedures, re-
quire the child’s cooperation before they can be considered
a true reflection of that child’s capabilities. When a child
does not cooperate with the test procedures, the confidence
with which statements can be made about the child’s abili-
ties across various domains of neuropsychological function-
ing is lessened. The conclusion that a child may not be per-
forming up to his or her true ability level is based in part on
an experienced clinician’s and technician’s observation of
level of effort allocated toward the test procedures. More re-
cently, formal measures have been developed that are used
exclusively to determine whether an adolescent has provided
their best effort or if less than optimal effort has been
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TABLE 4.8
SELECTED MEASURES OF EXECUTIVE
FUNCTIONS

Test Age Range

Behavioral Assessment of the 8–16 years
Dysexecutive Syndrome for
Children (BADS-C)

Behavioral Rating Inventory of 5–18 years
Executive Functioning (BRIEF)

Children’s Category Test 5–16 years
Delis-Kaplan Executive Function System 8–89 years

(D-KEFS)
Raven’s Progressive Matrices 5 years–adulthood
Stroop Color and Word Test: 5–14 years

Children’s Version
Tower of London, Drexel University 7–60 years
Wisconsin Card Sorting Test 61⁄2 years–adulthood

Dashes in age ranges indicate “through.”

TABLE 4.7
SELECTED TESTS OF MEMORY

Test Age Range

Benton Revised Visual Retention Test 8 years–adulthood
California Verbal Learning Test, Children’s 5–16 years

Version (CVLT-C)
Children’s Memory Scale (CMS) 5–16 years
Rey Complex Figure Test and Recognition 6–89 years

Trial (RCFT)
Rivermead Behavioural Memory Test 5 years–adulthood
Test of Memory and Learning (TOMAL) 5–19 years
Wechsler Memory Scale, 3rd Ed. (WMS-III) 16–89 years
Wide Range Assessment of Memory and 5–90 years

Learning, 2nd Ed. (WRAML-2)

Dashes in age ranges indicate “through.”
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extended during memory testing (Green et al. 1996). This
type of testing has been found to be particularly useful in
forensic examination. Validity is also examined in the pro-
files completed by a child’s parent to discern if a parent is en-
dorsing symptoms in a child to a degree that are in excess of
what would likely be expected in most children and may
suggest a plea for help.

BRAIN-BEHAVIOR RELATIONSHIPS

Methods of Inference

If the test data are judged to be a valid and reliable measure
of the child’s abilities, then multiple methods of inference
are used to interpret the neuropsychological data. Histori-
cally, the major methods of inference have been level of
performance, pattern of performance, pathognomonic
signs, right-left patterns, and test-retest performance pat-
terns. As brain-behavior relationships have become more
fully illuminated other axes including cortical-subcortical,
anterior-posterior, orbitomedial and dorsolateral, and dor-
sal-ventral stream patterns of performance have become
important aspects of the method of inference. Figure 4.1
provides a partial example of a method of inference that a
neuropsychologist would employ in the interpretation of
the test data. The conclusions drawn from the aforemen-
tioned inferential method will be subsequently integrated
with information obtained regarding the presenting con-
cerns and historical data in formulating the case with re-
gard to potential diagnoses, brain-behavior relationships,
and strengths and weaknesses. The future of pediatric neu-
ropsychological assessment is, however, entering an era in
which the etiological yield is likely to be the most fruitful

when conducted in conjunction with neuroimaging and
there is a more substantial appreciation of the variance in
performance and outcome based on environmental con-
tingencies (see Table 4.10).

Level of Performance
Drawing conclusions about functions based on a child’s
norm-referenced performance level on a test is a com-
mon method of inference used by both psychologists
(e.g., IQ score) and nonpsychologists (e.g., values of lab-
oratory tests). For example, standardized IQ tests typi-
cally provide scores ranging from around 50 to approxi-
mately 150. Individuals who take an IQ test can be
compared with the population with regard to their
standing in the distribution. Someone with an IQ of 110
is in the upper 25th percentile of the general population,
whereas someone with an IQ of 85 is at the lower 15th
percentile. Neither of these IQ scores implies normality
or abnormality, but they do position an individual with
regard to his or her competitive level in a number of re-
spects. Knowing that a person is consistently above or
below average and the degree of difference from the av-
erage of the population are significant elements in
proper educational and occupational placement.

The risk of considering level of performance in isola-
tion from other data is that performance level does not
provide adequate information about whether or not the
obtained scores are normal or abnormal for any given
child. An individual with lifelong cognitive abilities in the
superior range who now has average intelligence is cer-
tainly not normal. In addition to the individual’s having
lost mental skills to the level of average, it may be the case
that those losses have occurred in areas sufficiently spe-
cific to preclude behavior consistent with that typifying
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TABLE 4.9
SELECTED MEASURES OF PSYCHOSOCIAL AND PERSONALITY
FUNCTIONING

Test Age/Grade Range

Achenbach System of Empirically Based Assessment (ASEBA Child 6–18 years
Behavior Checklist)

Behavior Rating Profile, 2nd Ed. (BRP-2) 6–18 years
Brown Attention-Deficit Disorder Scales 12 years–adulthood
Children’s Apperception Test (CAT) 3–10 years
Children’s Depression Inventory (CDI) 6–17 years
Conners’ Rating Scales-Revised (CRS-R) 3–17 years
Devereux Scales of Mental Disorders 5–18 years
Minnesota Multiphasic Personality Inventory—Adolescents (MMPI-A) 14–17 years
Multidimensional Self-Concept Scale Grades 5–12
Personality Inventory for Children, 2nd Ed. (PIC-2) 5–19 years
Revised Children’s Manifest Anxiety Scale (RCMAS) 6–19 years
Reynold’s Adolescent Depression Scale, 2nd Ed. (RADS-2) 11–20 years
Rorschach Inkblot Test 8 years–adulthood

Dashes in age/grade ranges indicate “through.”
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the broad range of individuals with lifelong average cog-
nitive abilities. The frustrations experienced by such a
child who has lost intellectual abilities are difficult to ap-
preciate and are simply not elucidated by obtaining an IQ
score of 95 to 105. Thus, an “average” IQ considered
alone can be quite misleading by suggesting that all is
well, when, in fact, dramatic changes may have occurred.

Similarly, even subtle changes in motor functioning
(from superior to average), though not likely to be appar-

ent in a variety of clinical evaluations, may make a sub-
stantial difference in a child’s athletic prowess, thereby af-
fecting the child’s self-concept and perceptions by his or
her peers. Certainly, brief neuropsychological screenings
run a substantial risk of missing these kinds of difficulties.

Level of performance encourages the utilization of tests
with adequate normative data, and this method of infer-
ence is appropriate to a broad range of neuropsychological
tests. Test reports that fail to provide information on level
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Figure 4.1 An example of a method of inference employed in neuropsychology. Cognitive con-
structs listed are intended to be merely examples of abilities known or suspected to be representa-
tive of the specific brain region or system. Note: Brain regions: PFC, prefrontal cortex; AC, anterior
cingulate.
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of performance are hardly ever fully informative; test re-
ports that rely exclusively on the child’s position relative to
a normative sample leave out significant amounts of infor-
mation that may be pertinent to the child’s day-to-day
performance.

Pattern of Performance
Pattern analysis has the advantage of encouraging utiliza-
tion of a wide range of psychological tests covering broad
domains of functioning. Identifying and interpreting “un-
usual” patterns of performance within and across tests re-
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TABLE 4.10
SUMMARY OF THE NEUROSCIENCE OF PSYCHOPATHOLOGIES

Etiology Brain Findings

Genes Environment Neurochemical Structural Functional Neuropsychology

Motivation

Depression 5-HT Loss, stress Cortisol, NE, 5HT FL, BG HPA, Amyg, Dysregulated stress 
transporter? PFC, ACG response

Anxiety 5-HT Threat, Stress NE, 5-HT GABA, — Amyg, PFC Conditioned fear 
transporter CCK response

PTSD ? Trauma Cortisol, Opiates HC Amyg, OFC, Conditioned fear 
ACG response?

Bipolar 18p, q: 21q Stress DA, NE, GABA WM, Cortex PFC Overactive approach 
disorder system

Action Selection

Attention- DRD4: DAT1 FAS, CHI DA PFC, BG, CC PFC, BG Executive inhibition
deficit/
hyperactivity
disorder

Conduct MAOA, TPH Harsh parenting 5-HT PFC PFC, Amyg, Inhibition, low 
disorder abuse autonomic arousal

Tourette’s 4q, 8p Strep infection DA BG BG, OFC, Inhibition?
syndrome ACG

Obsessive- 5-HT trans- Strep infection DA BG OFC, CN, Inhibition?
compulsive porter? ACG
disorder

Schizophrenia 6p, 8p, 22q, OCs, viral DA, GABA, Ventricles, PFC Low IQ, WM, LTM
15q infection glutamate, Ach TL, Thal

Language and Cognition

Autism 7q, 15q Extreme 5-HT Large brain P300, OFC, EF, ToM, praxis, 
neglect? FG emotional processing?

Down Trisomy 21 — Ach? Small brain, — Verbal STM, syntax, LTM
syndrome HC, 

cerebellum,
PFC

Fragile X FMRI — — Large brain — Pragmatic language, EF
syndrome

Williams 7p microdele- — — Small brain — Spatial deficit, language 
syndrome tion strengths

Dyslexia 1p, 2p, 6p, ? — Language — Phonological
15q, 18p cortex

Note: Neurotransmitters: NE, norepinephrine; 5-HT, serotonin; DA, dopamine; Ach, acetylcholine; GABA,
gamma-aminobutyric acid; CCK, cholecystokinin. Brain regions: FL, frontal lobes; BG, basal ganglia; HPA,
hypothalamic-pituitary-adrenal axis; Amyg, amygadala; ACG, anterior cingulate gyrus; PFC, prefrontal cortex;
OFC, orbitofrontal cortex; WM, white matter; HC, hippocampus; CN, caudate nucleus; TL, temporal lobes; Thal,
thalamus; FG, fusiform gyrus; CC, Corpus callosum. Other: DRD-4, dopamine receptor 4; DAT1, dopamine
transporter 1; TPH, tryptophan hydroxylase; MAOA, monoamine oxidase A; FAS, fetal alcohol syndrome; CHI,
closed head injury; Strep, streptococcus; OCs, obstetrical complications; ToM, theory of mind; WM, working
memory; LTM, long-term memory; STM, short-term memory; EF, executive function; FMRI, fragile X mental
retardation gene 1; P300, a component of the evoked response.
Source: Reprinted with permission from Pennington, BR. The Development of Psychopathology. Nature and
Nurture. New York: The Guilford Press, 2002.
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quires knowledge about the base rates for specific patterns
and the relationship of specific patterns to neurological or
developmental syndromes.

The most common pattern referred to is the split be-
tween scores on verbal versus performance subtests of the
Wechsler intelligence scales, since such splits have been
associated with various types of neurological impairment.
However, verbal-performance differences on the Wechsler
scales do not necessarily reflect neurological impairment
in children, much less necessarily indicate lateralized
brain damage to the left or right hemisphere (Boll and
Barth 1981; Chadwick and Rutter 1983). Despite this,
many clinical reports continue to allude to left and right
brain differences in children based on these data without
neurological criteria to support such conclusions. Draw-
ing inferences based on the amount of variability in per-
formance among the Wechsler subscales, a process often
referred to as “scatter analysis,” is also invoked as a way of
deriving information from these scales. Unfortunately, no
scientifically valid data of a criterion-based nature have
been produced to suggest that specific relationships
among subtests have a particular reference either to pres-
ence or absence or to location of brain damage. Nonethe-
less, the degree of spread or IQ discrepancy in a profile
will be critical in the interpretation in some forms of de-
velopmental and learning disorders. For example, Figure
4.2 reveals data of a child with an NLD who was subse-
quently diagnosed with Asperger syndrome. In this case,
superior verbal intellectual abilities relative to low average
visuospatial intellectual skills have resulted in the regres-
sion to an average overall IQ, and an exclusive reliance on
any IQ in isolation will not help one to appreciate the de-
gree to which the child is struggling. Moreover, his gener-
ally low average visuospatial IQ does not fully illuminate
his rather profound constructional and organizational

deficit (Fig. 4.3). Qualitative interpretation of the vocabu-
lary responses (Fig. 4.2) further reveals a classic feature of
language in Asperger syndrome: the tendency to be
pedantic. It is important to note that NLD is an academic
distinction that may or may not be evident in Asperger
syndrome, though it is frequently observed.

A more valid and reliable form of analysis occurs when
one examines and compares the pattern of performance
across a variety of different types of tests covering a broad
range of neuropsychological domains. In other words, a
child who displays a relative strength on tests of language but
a substantial weakness in motor functioning provides infor-
mation with regard to the child’s areas of needed emphasis
and required intervention, independent of whether or not
these relative strengths and weaknesses relate in a specific
way to underlying brain damage, normally occurring indi-
vidual differences, or poorly understood (in terms of brain
substrate) neuropsychological syndromes (e.g., hyperlexia).

Children whose pattern of performance across multiple
tests is substantially different from the normative pattern
(e.g., substantial differences between performance on IQ tests
and performance on achievement tests) may have learning
difficulties requiring further assessment. At times, the pattern
is puzzling for families and school personnel. For example,
many children with autism with hyperlexia and hypergraphia
as depicted in Figure 4.4 are frequently believed to be “bright”
given their often early and rather exquisitely developed sight
reading abilities until more complex reading demands are re-
quired. Pattern analysis is helpful for raising questions, an-
swering questions, identifying areas of strength toward which
learning strategies can be targeted, and identifying areas of
deficit for which remediation may be attempted. Relative
strengths and weaknesses can also help explain a child’s pref-
erences for a variety of tasks and activities that might other-
wise be attributed to personality variables. Recognizing that
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Figure 4.2 Selected cognitive data from a 10-year-old boy with nonverbal learning disability and
Asperger syndrome. Note his verbal greater than performance intellectual pattern and preserved
sight reading, but significantly impaired mathematics performance. Spelling is below average partially
due to orthographic errors. Further note examples of his rather pedantic vocabulary.
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personality and ability interact in determining preferences
helps lead to a more holistic understanding of the child’s be-
havior and, it is hoped, to a more informed base from which
to plan intervention strategies.

Right-Left Patterns/Anterior-Posterior/
Orbitomedial-Dorsolateral/
Subcortical-Cortical/Dorsal-Ventral
A comparison of the efficiency of sensory and motor
functions on the two sides of the body (right-left patterns)
provides important data that contribute to neuropsycho-
logical interpretation. Systematically obtained and con-
sistently identified deficits on one side of the body are

likely to have a neurological origin (central or peripheral)
and are unlikely to be influenced by environmental, moti-
vational, academic background, or emotional factors
as scores on “level of performance” tests can be. Lateralized
sensory-motor deficits (e.g., right-sided manual weakness,
speed, and coordination), when related to cortical lesion,
will commonly co-occur with deficits in cognitive pro-
cesses (e.g., language deficits in this example). As noted, it
is now possible to consider additional axes of potential
disruption, such as cortical-subcortical, anterior-posterior,
orbitomedial and dorsolateral, and dorsal-ventral stream
patterns, in the formulation of the assessment (Fig. 4.1).
Research has suggested that some developmental disor-
ders likely, in fact, represent disruptions in specific neural
networks (e.g., William syndrome, dorsal stream) (Atkin-
son et al., 2003).

Test-Retest Performance Patterns
Test-retest analysis is particularly useful in assessing children.
The child’s performance on a battery of tests at an initial time
is compared with his or her performance on retesting at a
second time, usually 12 months or more after the initial test-
ing. A child may perform poorly on one or another test be-
cause a real deficit is present, a temporary developmental lag
is occurring, or certain nonneurological events (e.g., poor
motivation) are at work. By retesting the child after a period
of time, observations are made with regard to the stability of
certain performance strengths and weaknesses.

Another important reason for use of test-retest compar-
isons is that in the developing child at risk given a history
of early injury (e.g., prenatal/intrapartum stroke or trau-
matic brain injury in early childhood), initial testing may
not reveal pronounced deficits. However, as the child de-
velops there is frequently a cascading effect on more
complex cognitive, particularly executive functions, as life
demands increase.

CONCLUSION

Neuropsychological testing represents only one of the three
components of the neuropsychological evaluation. The neu-
ropsychological test results are considered in the context of a
comprehensive understanding of the presenting complaints
and the child’s life history to include developmental history,
medical history, and longstanding functioning across behav-
ioral, social, emotional, and cognitive domains. Selection of
tests to include in the neuropsychological examination of
the child will vary among neuropsychologists. However,
substantial agreement exists indicating that the comprehen-
sive child neuropsychological test battery will include tests
and procedures that cover the following domains:

■ Intellectual or developmental level of functioning
■ Academic achievement
■ Sensorimotor functions
■ Visuospatial and perceptual-motor functions
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Figure 4.3 Top figure: Rey complex figure stimulus. Bottom fig-
ure: The copy of the Rey complex figure by the 10-year-old boy
with nonverbal learning disability and Asperger syndrome. Note
his severe visuoconstructional skills combined with his superior
verbal intellectual skills. Further note the lack of sensitivity of per-
formance IQ, which is low average, to reveal the profound nature
of his visuoconstructional impairment.
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■ Speech and language functions
■ Memory and learning
■ Attention and executive functions
■ Behavioral and emotional adjustment

Neuropsychological interpretation involves drawing
conclusions based on the use of multiple levels of inference
considered in the context of the child’s pertinent develop-
mental and medical history as well as what is known about
the natural history of certain pathological conditions.

In the hands of a skilled child neuropsychologist, a neu-
ropsychological evaluation (conducted in 2 to 5 hours)
can be a useful diagnostic and treatment-relevant assess-
ment tool that is also cost-effective. The information ob-
tained from a comprehensive neuropsychological evalua-
tion is unique, and in many cases pivotal to the diagnosis,
and detailed enough to be useful in the development of
psychological, medical, and educational interventions.
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Many neuropsychiatric disorders of childhood may reflect
subtle deviations in the normal development of the brain.
Adult psychiatric illnesses, such as schizophrenia, are also
increasingly being viewed from a neurodevelopmental
perspective (Bloom 1993; Weinberger 1995).

Understanding of the relationship between abnormal
brain development and developmental neuropsychiatric
disorders has been challenged by nature’s efforts to protect
this most vital organ. Wrapped in a tough leathery mem-
brane, immersed in fluid, and completed encased by bone,
the brain’s protective system has long served to thwart en-
vironmental insults, but it has also posed considerable ob-
stacles for those studying the brain. Fortunately, advances
in neuroimaging technology now provide an unprece-
dented opportunity to examine in vivo brain structure and
function.

To meaningfully assess pathologic deviations it is
imperative to first characterize the normal pathways of
brain development. Postmortem data are of limited avail-
ability since the mortality rate is low for this age group and
autopsies are infrequently performed. For example, only 13
of 483 “normal” brains in the Yakovlev Brain Collection in
Washington, D.C., are from subjects aged 3 to 18 years. The
use of ionizing radiation for in vivo imaging techniques,
such as conventional radiography, computerized tomogra-
phy (CT), or positron emission tomography, render them
unsuitable for the study of normal pediatric populations.

Magnetic resonance imaging (MRI) provides many ad-
vantages for in vivo imaging studies. In addition to absence
of ionizing radiation, MRI offers the capability to acquire

images in any plane of view; provides excellent spatial
resolution and the ability to discriminate gray matter,
white matter, and cerebrospinal fluid; has the flexibility to
assess a variety of tissue characteristics (as opposed to rely-
ing solely on patency to radiographs); and can be used to
visualize structures (temporal lobes, frontal lobes, poste-
rior fossa) often obscured by interference from bone on CT
scans. The lack of ionizing radiation with MRI also allows
sequential exams, which is very desirable for developmen-
tal studies. These factors make MRI the imaging modality of
choice for most pediatric neuroimaging studies.

In this chapter, which focuses on normal brain develop-
ment from ages 4 to 18 years, we discuss methodologic
issues relevant to pediatric neuroimaging, review previous
imaging studies of normal development with emphasis on
the National Institute of Mental Health (NIMH) Pediatric
Brain MRI project, and conclude with a discussion of de-
velopmental changes in brain anatomy as they relate to the
study of pediatric neuropsychiatry.

METHODOLOGICAL CONSIDERATIONS

Subject Selection

Clinically Referred Versus Community
Recruited Subjects
The common practice of deriving normative measures from
children referred for clinical reasons whose scans were
subsequently read as “normal” is problematic on at least
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two counts. First, children referred for clinical scans are
overrepresented in clinical groups, such as attention-
deficit/hyperactivity disorder (ADHD). Second, a small but
perhaps meaningful number of healthy children may have
scans read as abnormal and excluding these subjects
confounds comparisons to clinical groups. Recruitment of
healthy subjects directly from the community provides a
more appropriate sample to assess normal development.

Psychiatric History
Abnormalities of brain structure have been observed in a
number of pediatric neuropsychiatric illnesses, including
autism (Brambilla et al. 2003), ADHD (Giedd et al. 2001),
childhood-onset schizophrenia (Giedd et al. 1999; Gogtay
et al. 2004; Keller et al. 2003; Sporn et al. 2003), dyslexia
(Duara et al. 1991; Eckert and Leonard 2000; Eckert et al.
2003; Hynd and Semrud-Clikeman 1989; Hynd et al. 1990;
Larsen et al. 1990; Rae et al. 2002; Rumsey et al. 1986),
eating disorders (Laessle et al. 1989), obsessive compulsive
disorder (Giedd et al. 1996), Sydenham’s chorea (Giedd
et al. 1995), and Tourette’s syndrome (Peterson et al. 1993,
1994, 2000). It is evident that a normative sample must
be carefully screened to rule out these conditions. Likewise,
affective disorders (Coffey et al. 1993) and substance abuse
(Cascella et al. 1991; Lishman 1990) have been associated
with structural anomalies in adults and should be consid-
ered as potential confounds in pediatric samples as well.

Intelligence
Studies have found small but statistically significant rela-
tionships between brain size and intelligence (Andreasen et
al. 1993; Reiss et al. 1996; Willerman et al. 1991). Although
in the most robust of these findings IQ accounts for only
17% of the variance (Andreasen et al. 1993), this parameter
should be considered in any group comparison. Education
and socioeconomic status have been reported to influence
brain size as well, although the interdependence with factors
such as nutrition, prenatal care, and IQ is not clear.

Handedness
Beginning with Geschwind, several investigators have
noted a relationship between handedness and structural or
symmetry measures of the brain (Geschwind 1978; Kertesz
et al. 1992; Witelson 1989). Handedness should not be
viewed as strictly left or right, but as a continuum (Coffey
et al. 1992) and quantified as such. Patient and control
groups must be matched for handedness since symmetry
differences are often key features in discriminating groups
such as ADHD (Giedd et al. 2001), dyslexia (Hynd 1990, et
al. Larsen et al. 1990), or Tourette’s disorder (Peterson et al.
1993, 1994, 2000).

Body Size
The relationship between brain size and body size in hu-
mans is surprisingly poor (Harvey and Krebs 1990). In con-
trast to the relative stability of brain weight after childhood,

body weight varies widely among individuals and can vary
substantially within individuals from time to time. Height
is also a poor indicator of brain size as can be implied by
contrasting the notable increases in height from ages 4 to 18
years with the lack of corresponding increase in brain size.
This general trend for the young to have disproportionately
large head-to-height ratios compared to adults, termed
neonatogony, is widely observed throughout the mam-
malian species.

Image Acquisition

General Considerations
MRI can provide excellent resolution between gray matter,
white matter, and cerebrospinal fluid (CSF). This capacity
is critical for quantitative anatomical studies since such
contrasts define the boundaries of most brain structures.
Generally, resolution can be purchased with the currency of
time; that is, improvements in image quality must be
weighed against patient discomfort from prolonged time in
the scanner. Most children can tolerate scan times between
45 minutes and 1 hour.

The discomforts associated with getting an MRI scan are
potential feelings of claustrophobia from being placed
in the tunnel-like barrel of the scanner, the loud noise gen-
erated by rapid heating and cooling of gradient coils, and
the need to remain relatively still during the approximately
10-minute intervals of image acquisition.

Although sedation is not an ethical option in acquiring
scans of healthy children, several nonpharmacological
steps may be taken to minimize these discomforts in a pe-
diatric population. Allowing the child to become familiar
and comfortable with the staff conducting the scan, scan-
ning in the evening to promote the natural falling asleep,
allowing the child to bring in a favorite blanket or stuffed
animal, and assuring the children that they may stop the
procedure at any time can all increase the chances of ac-
quiring adequate scans and make the experience more en-
joyable for the child.

Slice thickness is an important parameter in MRI scans.
Greater slice thickness results in larger partial voluming ef-
fects and in less spatial resolution, especially critical for
small but clinically pertinent subcortical structures.

The use of multichannel versus single-channel scanning
protocols is another factor to consider in image acquisi-
tion. Multichannel scanning protocols provide nearly
simultaneously acquired spatially registered image sets that
highlight different tissue characteristics. The most common
multichannel scanning protocol is one that combines a se-
quence best for identifying tissue pathology and white mat-
ter lesions (T2-weighted) with one that provides optimal
discrimination between brain tissue and CSF (proton den-
sity weighted). The advantage of multichannel acquisition
is that by combining information from the image sets, au-
tomated computer programs can maximally discriminate
gray matter, white matter, and CSF (Rajapakse et al. 1996).
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The disadvantage to multichannel images is that they
characteristically have greater slice thickness (5 mm or
greater). The most common single-channel sequences yield
T1-weighted images, which are well suited for providing
anatomical detail.

Functional MRI
Functional MRI takes advantage of the fact that oxygenated
hemoglobin has different magnetic properties than deoxy-
genated hemoglobin. This difference provides a natural con-
trast agent that can be detected by a properly configured MR
scanner. As neuronal activity increases metabolic demands
trigger an increase of blood flow to that area. By comparing
blood flow while the subject performs an experimental task
with blood flow during a passive control condition, images
of brain activity can be generated. Both spatial (1 mm) and
temporal (5 to 7 seconds, limited by blood flow characteris-
tics) resolution far surpass the capabilities of Positron Emis-
sion Tomography (PET). The potential to study dynamic ac-
tivity of the brain in real time without the use of ionizing
radiation offers great promise for pediatric studies (Casey
1995, 1996).

Image Analysis

General Considerations
Validation of MR image analysis techniques is hindered by
lack of an absolute gold standard. Postmortem data, even if
more abundant, are less than ideal on several counts. When
removed from the intracranial cavity and the cerebrospinal
fluid in which it is immersed, the brain collapses on its own
weight, distorting in vivo morphology. Fixation and drying
processes affect different brain structures to different
degrees with gray matter and white matter shrinking at
separate rates. Also, age itself is a confound, since younger
brains have higher water content and are differentially
affected by fixation processes.

Studies using models that mimic the shape and tissue
characteristics of the human brain can be useful, but valid
models are difficult to construct. The standard for valida-
tion of automated measures for the quantification of many
structures remains a comparison to results obtained from
manual tracing by expert human raters.

MR image data are in the form of pixels (picture ele-
ments) or their three-dimensional counterpart voxels (vol-
ume elements). Each of these elements may have only one
intensity value. At the time of image acquisition, these val-
ues may range from 1 to 65,536 (216). However, to reduce
the memory requirements for computation, most image
analysis systems restrict this intensity value range to 256
(28). A general goal of structural image analysis is to clas-
sify each voxel in the image data set according to tissue
characteristic (e.g., gray matter, white matter, CSF, vascula-
ture), as well as to assign it to the structure or region in
which it belongs.

Sample Size/Longitudinal Study Design
The enormous normal variability in size of brain structures
calls for large samples and longitudinal study designs to
characterize the heterochronous developmental changes of
the pediatric population. Fortunately, the feasibility of lon-
gitudinal studies is supported by the relative stability of
morphologic measures from scans acquired at 2- to 4-week
intervals (Giedd et al. 1995). This stability indicates that
quantitative differences in longitudinal scans are reflec-
tions of genuine changes in brain structure and not from
variability related to the scan acquisition itself.

DETERMINATES OF BRAIN SIZE

Human brain development, like central nervous system
development in all vertebrates, takes place by an overpro-
duction and then selective elimination of cells. The size of
a given brain structure is determined by the size, number,
and packing density of its constituent cells. The majority of
dynamic brain development takes place in utero; however,
changes in brain structure and function continue through-
out the life span (see Fig. 5.1).

Brain cells are of two general types: neurons and glial
cells. Although neuronal number peaks during gestation
(Rabinowicz 1986), neuronal size changes with age
(Blinkov and Glezer 1968) as axonal thickness, dendritic
number, and number of synaptic connections undergo
cyclic changes throughout development (Thatcher 1992).
Environmental factors influence which synaptic connec-
tions and neurons thrive and remain viable. For instance,
in children with cataracts who do not receive treatment
prior to age 1, irreversible cortical blindness occurs (Lewis
et al. 1986).

Synaptic pruning of neurons is an important aspect in
the functional development of the brain but may have little
impact on overall structure size. Estimates from research on
the primary visual cortex of the macaque monkey indicate
that a total loss of all boutons would result in only a 1% to
2% decrease in volume (Bourgeois and Rakic 1993). How-
ever, synaptic pruning may have an effect on the thickness
of the parent axon or dendritic branches.

The other main class of CNS cells is made up of the glial
cells, which unlike neurons continue to actively proliferate
and die postnatally. Glial cells outnumber neurons by
ratios ranging from 1.7 to 10 (Brizzee et al. 1964). Myeli-
nation by a subclass of glial cells, oligodendrocytes, is an
important determinant of increases in structure size during
childhood and adolescence. Ultimate structure size is de-
termined by this dynamic interplay between glial cells and
decreasing numbers but increases in size of neurons.

Another parameter to consider in structure size is pack-
ing density, which is influenced by degree of vascularity, ex-
tracellular volume, and hydration. Genetics, hormones,
growth factors, nutrients in the developing nervous system,
diet, infections, toxins, trauma, stress, or degree of enriched

Chapter 5: Anatomic Imaging of the Developing Human Brain 99

75191_ch05.qxd  8/29/05  17:35  Page 99



environment (Diamond et al. 1964; Jacobson 1991) all
have a role in determining structure size and the complex-
ity of these factors and their interactions should be consid-
ered in any interpretation of the clinical significance of
gross structural volume.

SUMMARY OF PREVIOUS STUDIES

More than 1,000 studies have been reported regarding
brain MRI in fetuses or infants. However, only a handful of
brain MRI studies have assessed healthy children from the
ages of 4 to 18 years. In one study (Jernigan et al. 1991) of
23 males and 16 females, ages 8 to 35 years, both cortical
and subcortical gray matter decreased with age, and cere-
brospinal fluid (CSF) volumes increased with age. Another
study of 88 clinically referred subjects, ages 3 months to 30
years, also found age-related decreases in gray matter, as
well as increases in cortical white matter, but no changes in
CSF volume (Pfefferbaum et al. 1994).

Postmortem studies or PET studies of this age group
are equally rare. A postmortem study including subjects
aged 3, 5, 11, and 13 years indicated developmental
changes in synaptic density, neuronal density, and den-
dritic arborization occurring at least up until adolescence
(Huttenlocher 1990). PET studies also indicate dynamic
changes throughout development with cerebral metabolic
rates rising rapidly during the first years of life, maintain-
ing higher-than-adult levels throughout childhood, and
declining to adult levels during adolescence (Chugani et
al. 1987).

NATIONAL INSTITUTE OF MENTAL
HEALTH PEDIATRIC
NEUROIMAGING PROJECT

The child psychiatry branch of the NIMH is conducting an
ongoing brain imaging project to assess the hypothesis that
many of the most severe neuropsychiatric disorders of
childhood-onset are associated with deviations from nor-
mal brain development, the anatomical substrates of which
may be detectable by MRI. The study includes twin and
nontwin healthy controls and subjects from a variety of
diagnostic groups. Longitudinal scans are acquired at
approximately 2-year intervals.

The healthy control subjects are recruited from the com-
munity and undergo screening including physical and neu-
rological exams, clinical interviews and family history as-
sessment, and an extensive neuropsychologic battery.
Approximately one in six initial contacts are accepted for
the study. For this chapter, only nontwin healthy subjects
are used and only one subject from each family. The result-
ing sample is 329 scans from 95 boys and 66 girls (longi-
tudinal scans acquired at approximately 2-year intervals)
across ages 4 to 20 years.

Once the images are acquired, they are analyzed by a va-
riety of automated and manual tracing techniques through
collaboration with several imaging centers throughout the
world. Further details of the testing and screening of this
sample and the methods of image analysis are published
elsewhere (Chung et al. 2001; Giedd et al. 1999; Zijdenbos
et al. 1994).
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Figure 5.1 Time course of critical events in the determination of human brain morphometry.
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Brain Maturational Changes During
Childhood and Adolescence

Total Cerebral Volume
In the longitudinal NIMH sample, the total cerebral vol-
ume of children and adolescents remained relatively stable
across ages 4 to 20 years (Fig. 5.2). This is consistent with
our previous cross-sectional studies (Giedd et al. 1996) and
postmortem studies indicating the brain is approximately
95% of its adult size by age 5 years (Dekaban 1977; Deka-
ban and Sadowsky 1978). However, the finding is counter-
intuitive to anyone who has tried putting an adult’s hat on
a 5-year-old and watched it fall down over the child’s eyes.
Indeed, head circumference does increase from age 4 to 18
years (approximately, 2.0 inches in boys and 1.9 inches in
girls) (Nellhaus 1968), but this is accounted for by an in-
crease in skull thickness (Shapiro and Janzen 1960) and
less so by an increase in ventricular volume. Although total
cerebral volume remains relatively constant, various sub-
components of the brain do undergo significant age-related
changes (see Fig. 5.2).

Male brains were approximately 12% larger on average
than those of females. This difference was statistically sig-
nificant, even when controlling for height and weight. Of
course, gross size of structures may not reflect sexually di-
morphic differences in neuronal connectivity or receptor
density. Given the myriad of parameters influencing brain
size, size alone should not be interpreted as imparting any
sort of functional advantage or disadvantage.

Ventricles
In the NIMH sample, lateral ventricular volume increased
robustly with age (see Fig. 5.2), a fact not widely appreci-
ated for children and adolescents. This pattern is note-
worthy in light of the fact that increased ventricular vol-
umes, or ventricular-to-brain ratios, are associated in a
nonspecific fashion with a broad range of neuropsychi-
atric conditions. That this phenomenon is a normally oc-
curring event in healthy adolescents adds to the complex-
ity of interpreting changes in ventricular volume in
patient populations.
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Figure 5.2 Changes in volume of the total cerebral, lateral ventricles, total gray matter, and total
white matter derived from 329 scans of 95 boys and 66 girls (longitudinal scans acquired at approx-
imately 2-year intervals) across ages 4 to 20 years.
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White Matter

Regional Volumes of White Matter
On MRI scans, white matter indicates myelinated axons.
Throughout childhood and adolescence the amount of
white matter in the brain generally increases (see Fig. 5.2).
The white matter increases are roughly linear and the
slope of increase is approximately the same in the frontal,
temporal, and parietal lobes (Fig. 5.3).

Corpus Callosum
The corpus callosum is the most prominent white matter
structure consisting of approximately 200 million myeli-
nated fibers, most of which connect homologous areas of
the left and right cortex. The midsagittal cross-sectional area
of the corpus callosum is easily visualized on MRI scans,
which along with its clinical interest has made it a frequent
target of investigations. The organization of the corpus
callosum is roughly topographic with anterior segments
containing fibers from the anterior cortical regions, middle

segments containing fibers from the middle cortical regions,
and so on. Several studies have indicated that development
of the corpus callosum continues to progress throughout
adolescence (Allen et al. 1991; Cowell et al. 1992; Pujol et al.
1993; Rauch and Jenkins 1994), and anomalous corpus
callosal morphology has been reported in several disorders
manifesting in childhood (Bigelow et al. 1983; Giedd et al.
1994; Hynd et al.1990, 1991; Njiokiktjien 1991; Peterson et
al. 1994; Parashos et al. 1995; Rosenthal and Bigelow 1972).
Effects of sex have been widely debated with some authors
finding gender-related differences (Clarke et al. 1989;
Cowell et al. 1992; de Lacoste 1986; Holloway and de
Lacoste 1986), while many have not (Bell and Variend 1985;
Byne et al. 1988; Oppenheim et al. 1987; Weis et al. 1988,
1989; Witelson 1985a, 1985b). In the NIMH sample, total
midsagittal corpus callosum area increased robustly from
ages 4 to 18 years, but there were no significant gender effects
(see Fig. 5.3).

The functions of the corpus callosum can generally be
thought of as integrating the activities of the left and right
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Figure 5.3 White matter volume changes in the frontal lobes, temporal lobes, parietal lobes, and
the midsagittal cross-ectional area of the corpus callosum from 329 scans of 95 boys and 66 girls (lon-
gitudinal scans acquired at approximately 2-year intervals) across ages 4 to 20 years.
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cerebral hemispheres and include unifying sensory fields
(Berlucchi 1981; Shanks et al. 1975), facilitating memory
storage and retrieval (Zaidel and Sperry 1974), allocating
attention and arousal (Levy 1985), and enhancing lan-
guage and auditory functions (Cook 1986). The relation-
ship between improved capacities for these functions
during childhood and adolescence and the noted morpho-
logic changes is intriguing. Creativity and intelligence
have been linked to efficiency of interhemispheric inte-
gration (Bogen and Bogan 1969), and interhemispheric
integration becomes more critical as task difficulty
increases (Hellige et al. 1979; Levy and Trevarthen 1981).

Gray Matter

Cortical Gray Matter
Unlike white matter increases, which tend to be mostly
linear, cortical gray matter volume tends to follow an
“inverted U” developmental course with different peak
volumes in different lobes (Fig. 5.4). For example, frontal

lobe gray matter reaches its maximal thickness at 11 years
in girls and 12.1 years in boys. Temporal lobe cortical gray
matter peaks at 16.7 years in girls and 16.2 years in boys.
Parietal lobe cortical gray matter peaks at 10.2 years in girls
and 11.8 years in boys (Giedd et al. 1999).

The thickening and thinning of gray matter is thought to
reflect changes in the size and complexity of neurons, not a
change in the actual number. The increasing size may reflect
a process called arborization as the cells grows extra
branches, twigs, and roots, growing bushier and making a
greater number of connections to other cells. The decreasing
amount of gray matter may reflect the process of pruning
where certain connections are eliminated.

The forces guiding these processes of arborization and
pruning are not well understood. Genetics, nutrition, toxins,
bacteria, viruses, hormones, and many other factors have
been shown to have an effect. One hypothesis for the prun-
ing phase is the “use it or lose it” principle in which those
connections that are used well survive and flourish, whereas
those connections that are not used will wither and die. If
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Figure 5.4 Gray matter volume changes in the frontal lobes, temporal lobes, parietal lobes, and
caudate nucleus from 329 scans of 95 boys and 66 girls (longitudinal scans acquired at approximately
2-year intervals) across ages 4 to 20 years.
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this hypothesis is correct, the activities of the child or teen
may have a powerful influence on the ultimate physical
structure of the brain.

To examine cortical gray matter development with
greater regional specificity we examined the change in gray
matter density on a voxel-by-voxel basis in a group of 13
subjects who had each been scanned four times at approx-
imately 2-year intervals (Gogtay et al. 2004). An animation
of these changes is available at www.loni.ucla.edu/
�thompson/DEVEL/dynamic.html.

As gray matter volume reaches its maximum at about the
time of puberty, a reduction in cortical gray matter volume
is interpreted as maturation, in the sense that is becoming
closer to the adult state. Cortical gray matter loss occurs
earliest in the primary sensorimotor areas and latest in the
dorsolateral prefrontal cortex (DLPFC) and superior
temporal gyrus. The general pattern is for those regions
subserving primary functions, such as motor and sensory
systems, to mature earliest and the higher order association
areas, which integrate those primary functions to mature
later. For instance, in the temporal lobes the latest part to
mature is the superior temporal gyrus/sulcas, which serves
as a heteromodal association site integrating memory,
audiovisual input, and object recognition functions (along
with prefrontal and inferior parietal cortices) (Calvert
2001; Martin and Chao 2001; Mesulam 1998).

Subcortical Gray Matter

Basal Ganglia
The basal ganglia consist of the caudate, putamen, globus
pallidus, subthalamic nucleus, and substantia nigra. Of
these only the first three are readily quantifiable by MRI. In
addition to their central role in control of movement and
muscle tone, basal ganglia structures are also involved in
circuits mediating higher cognitive functions, attention,
and affective states.

Caudate volumes decreased significantly from ages 4 to
20 years (see Fig. 5.4). Caudate nucleus volume differences
have been reported for several pediatric neuropsychiatric
disorders such as ADHD (Castellanos et al. 1996; Giedd et al.
1994; Hynd et al. 1993), early onset schizophrenia (Chakos
et al. 1994; Frazier et al. 1996; Keshavan et al. 1994),
Sydenham’s chorea (Giedd et al. 1995), and Tourette’s
syndrome (Peterson 1993, 2000; Singer et al. 1993).

Amygdala and Hippocampus
The temporal lobes, amygdala, and hippocampus are
integral players in the arenas of emotion, language, and
memory (Nolte 1993). Human capacity for these functions
changes markedly between the ages of 4 and 18 years
(Diener et al. 1985; Jerslid 1963; Wechsler 1974), although
the relationship between the development of these
capacities and morphological changes in the structures
subserving these functions is poorly understood.

The amygdala and hippocampus have not been quanti-
fied for the longitudinal sample. In a previous report from

a cross-sectional sample subset of the NIMH sample, amyg-
dala volume increased significantly only in males and hip-
pocampal volume increased significantly with age only in
females (Giedd et al. 1996). This pattern of gender-specific
maturational volumetric changes is consistent with nonhu-
man primate studies indicating that the amygdala contains
high numbers of androgen receptors (Clark et al. 1988)
and a smaller number of estrogen receptors (Sholl and Kim
1989), while the hippocampus contains higher amounts of
estrogen receptors (Morse et al. 1986).

Influence of estrogen on the hippocampus is further sup-
ported by both rodent and human studies. Gonadectomized
female rats have lower density of dendritic spines and
decreased fiber outgrowth in the hippocampus, which can
be alleviated with hormone replacement (Gould et al. 1990;
Morse et al. 1986). In humans, women with gonadal
hypoplasia have smaller hippocampi (Murphy et al. 1993).
A MRI study of 20 young adults also showed proportionately
larger hippocampal volumes in females (Filipek et al. 1994).

Further support for these findings is provided by a post-
mortem study of hippocampal volume in 164 psychiatri-
cally normal individuals, ages newborn to 76 years, which
revealed ongoing myelination in the subicular and pre-
subicular regions of the hippocampus throughout adoles-
cence and into adulthood (Benes et al. 1994). A sexually di-
morphic effect was also noted in this postmortem study,
with females showing a greater degree of myelin staining
from 6 to 29 years, but with no significant differences
thereafter.

RELATIONSHIP BETWEEN BRAIN
STRUCTURE AND BEHAVIOR

Because even the simplest of tasks eventually involves the
majority of brain systems, it is not surprising that straight-
forward relationships between volumes of a single structure
and performance on a particular cognitive task are not usu-
ally found. The diversity of afferent and efferent connections
to the many distinct nuclei of most structures as well as the
intricacy of their various neurochemical systems further
complicates functional correlates of gross volume size.

Despite this complexity, relationships between memory
function and hippocampal size have been noted. For
instance, food-storing species of birds have larger hip-
pocampi than related nonfood-storing species (Krebs et al.
1989; Sherry et al. 1989). This relationship has been found
in mammals as well, particularly for voles. Male voles of the
polygamous species travel far and wide in search of mates.
They perform better than their female counterparts on lab-
oratory measures of spatial ability and have significantly
larger hippocampi (Sherry et al. 1992). Conversely, in the
monogamous vole species, which do not show male-female
differences in spatial ability, no sexual dimorphism of
hippocampal size is seen (Jacobs et al. 1990). In humans
also, correlations between memory for stories and left
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hippocampal volume have been noted (Goldberg et al.
1994; Lencz et al. 1992).

A sizable literature has addressed cognitive ability/brain
structure relationships in patients with dementia. However,
literature regarding healthy subjects has been sparse, and
results have been conflicting (Coffey 1994).

CONCLUSION

Although total cerebral volume approaches adult sizes at a
young age (5 to 8 years), developmental changes in various
subcomponents of the brain across childhood and adoles-
cence are striking. Indeed, examination of maturational
changes in several regions throughout the brain indicates a
dynamic balance achieved between growth and regression
throughout childhood and adolescence. In particular,
changes are noted in basal ganglia structures, the lateral
ventricles, the amygdala, and the hippocampus. It is of note
that structures undergoing the most robust developmental
changes are by and large the same structures implicated in
neuropsychiatric disorders of childhood onset (Castellanos
et al. 1994; Frazier et al. 1996; Hynd et al. 1990, 1991,
1993; Semrud-Clikeman et al. 1994; Singer et al. 1993).
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Functional neuroimaging modalities include primarily
positron emission tomography (PET) and single photon
emission computed tomography (SPECT). Through PET
and SPECT applications, a variety of physiological and
biochemical processes in the brain can now be imaged
quantitatively and noninvasively. Functional magnetic
resonance imaging (fMRI) techniques and applications
have become widely used in adults because of their ready
availability, although clinical applications in children
remain limited. After briefly reviewing some clinically
relevant fMRI applications, this chapter discusses the
impact of PET and SPECT technologies and findings on
pediatric neuropsychiatric disorders and indicates some
potential future applications in this rapidly evolving field.

FUNCTIONAL MAGNETIC
RESONANCE IMAGING

Functional MRI (fMRI) is a noninvasive technique that is
able to map activity of neural networks that underlie various
(normal and abnormal) cerebral functions. fMRI is clinically
feasible because it can be performed by using a regular 1.5 T
clinical MRI scanner. The most commonly used technique is
the blood oxygen level-dependent (BOLD) echo planar
imaging, which is based on a delayed (few seconds after
stimulus onset) change in oxy/deoxy-hemoglobin ratio fol-
lowing regional brain activation. Application of fMRI in chil-
dren is particularly advantageous since it does not involve

radiation exposure. However, there are important physio-
logic and anatomic differences between pediatric and adult
fMRI studies, affecting the acquisition, analysis, and inter-
pretation of pediatric fMRI data (Gaillard et al. 2001). The
main disadvantage of this technique is its sensitivity to mo-
tion artifacts. Since most activation tests require patient co-
operation, only older, more cooperative children can be
studied with fMRI. Sedation of children is not typically used
because it interferes with most activation paradigms. For
young children or children with cognitive impairment, it is
often difficult or impossible to achieve sufficient coopera-
tion to perform a task while limiting motion. Conditioning
and personal interactions can improve compliance, and mo-
tion reduction techniques can diminish artifacts due to head
motion. Application of fMRI is most successful in children of
7 to 8 years of age or older, and normal children at these ages
appear to have similar activation maps as adults (Gaillard et
al. 2001, 2003).

Functional MRI is increasingly being used to determine
language dominance noninvasively, but currently there is
no universally accepted clinical indication for fMRI in
children (International League Against Epilepsy Commis-
sion Report 2000). Language activation fMRI studies can
be useful to localize eloquent cortical areas before resec-
tive brain (e.g., epilepsy) surgery, and they also provide
novel data on development of language dominance in the
human brain. Initial studies on children older than 8
years of age demonstrated that normal patterns of verbal
fluency are established by this age, but the general extent
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of speech-related activation is larger than that in normal
adults (Gaillard et al. 2000). Also, while hemispheric lan-
guage dominance is largely established by 7 to 8 years of
age (Lee et al. 1999), the degree of lateralization increases
as children approach adulthood (Holland et al. 2001). In
addition to language functions, other cognitive functions
investigated by fMRI in children have included working
memory, spatial memory, reading visual recognition, as
well as motor and sensory tasks (reviewed by Gaillard et
al. 2001). fMRI was reported to be comparable in accuracy
to the carotid Amobarbital (Amytal) test for cerebral lat-
eralization of language functions (Yetkin et al. 1998) and
can provide clinically useful localizing information for
sensory and motor function. In patients with intractable
epilepsy, fMRI alone or combined with other techniques
such as transcranial magnetic stimulation can demon-
strate reorganization of motor function preoperatively
(Macdonell et al. 1999), thus predicting motor outcome
following resection. More recently, combination of fMRI
and diffusion tensor imaging (DTI)-based tractography
has been explored to analyze motor connectivity in vivo
(Guye et al. 2003). Another potential clinical application
of fMRI can be to localize actively spiking epileptic foci.
This, however, is feasible only in patients with frequent
seizures or in those in status epilepticus. In patients with
motor seizures or impaired cooperation during seizures,
movement artifacts preclude meaningful data acquisition,
while fMRI signals arising from an area close to air cavi-
ties can be poor (Lazeyras et al. 2000). Localization of in-
terictal epileptiform activity using EEG-triggered fMRI
is more feasible (Krakow et al. 1999), although resective
epilepsy surgery generally cannot purely rely on func-
tional data derived from interictal epileptiform activity.

In summary, fMRI holds the promise of being a safe,
powerful clinical tool for noninvasive mapping of various
brain functions in older children with intractable epilepsy.

PET AND SPECT METHODOLOGY

The development of PET technology has allowed the imag-
ing and quantification of local chemical functions in vari-
ous body organs to be carried out noninvasively in humans
(Phelps et al. 1975; Ter-Pogossian et al. 1975; Ter-Pogos-
sian 1995). This technique utilizes detectors that are capa-
ble of detecting the paired photons (each with energy of
511 KeV) that travel in opposite directions (coincidence de-
tection) and are released as a result of positron-electron
annihilations. Quantification of the biochemical or physi-
ological process being imaged can be achieved with tracer
kinetic mathematical models that describe the in vivo be-
havior of the PET probe, which is labeled with a positron-
emitting isotope. In general, the isotopes used in PET have
short half-lives (Table 6.1) and are produced onsite with a
cyclotron. Use of PET tracers in children has allowed the
measurement of local cerebral metabolic rates for glucose

utilization, cerebral blood flow, oxygen utilization, protein
synthesis, and neurotransmitter function.

SPECT is also a noninvasive functional imaging tech-
nique, but it uses simpler and less expensive equipment
than does PET. SPECT provides tomographic imaging
through the use of either a single rapidly rotating gamma
camera or multiple gamma cameras to detect and recon-
struct gamma-ray emissions (Ell et al. 1987). Because of the
longer half-life of SPECT isotopes compared with the iso-
topes used in PET, and the readily available equipment,
SPECT is suited for even the smallest hospitals and clinics.
The isotopes can be obtained commercially and can be
stored onsite. However, the spatial resolution of SPECT
images is about half of that achieved with PET, a distinc-
tion that is particularly relevant in pediatric studies.
Furthermore, SPECT techniques are semiquantitative at
best, compared with PET, which is fully quantitative.

In brain studies, SPECT has been used primarily to
provide an index of cerebral blood flow. Radioactive
probes developed for this purpose have included xenon,
iodamines, technetium-99m hexamethyl propylene amine
oxime (99mTc-HMPAO), and technetium-99m-ethyl cys-
teinate dimer (ECD). Scanning of the brain can be initi-
ated at leisure after the brain uptake phase because the
trapped agent remains relatively stable for at least 1 hour,
and the isotopes used in SPECT have rather long half-lives
(e.g., 123I has a half-life of 13 hours). These properties are
particularly favorable for studies in children (Iivanainen
et al. 1990).

NORMAL BRAIN DEVELOPMENT

Developmental studies using PET with the tracer 2-deoxy-
2[18F]fluoro-d-glucose (FDG) have shown that the pattern
of brain glucose utilization in the human infant evolves
during the first year of life from a simple neonatal pattern
to one that qualitatively resembles an adult pattern.
Beyond the first year, the brain continues to manifest
metabolic maturational changes that persist well into the
second decade of life (Chugani and Phelps 1986, Chugani
et al. 1987b).
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TABLE 6.1
POSITRON-EMITTING ISOTOPES

Isotopes Half-Life (min) Energy (MeV)a

18F 109.7 0.6–1
11C 20.4 0.96
13N 9.9 1.19
15O 2.1 1.72
82Rb 1.2 3.36

aMaximal energy.
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ONTOGENY OF BRAIN
GLUCOSE UTILIZATION

The pattern of glucose utilization in the newborn brain is
markedly different from that in the adult brain. In the new-
born, glucose metabolic activity is most prominent in
primary sensory and motor cortex, thalamus, brainstem,
and cerebellar vermis (Chugani 1994; Chugani and Phelps
1986; Chugani et al. 1987b; Kinnala et al. 1996). More
recent studies with high-resolution PET scanners have sug-
gested that the cingulate cortex, amygdala, hippocampus,

striatum, and auditory cortex may also show relatively
prominent activity in the newborn period (Fig. 6.1)
(Chugani 1999). The limited number of brain regions dis-
playing metabolic activity could be related to the relatively
limited behavioral repertoire of newborns (Table 6.2). For
example, reaching movements in newborns are relatively
poor and imprecise (von Hofsten 1982) because of inade-
quate visual-motor integration. Intrinsic brainstem reflex
behaviors, such as the Moro, root, and grasp responses,
are present transiently in newborns and are gradually
suppressed with further brain maturation (Andre-Thomas
and Saint-Anne Dargassies 1960).

Between ages 2 and 4 months, glucose utilization
increases in several cortical regions, including parietal,
temporal, and primary visual cortex, as well as in the
basal ganglia and cerebellar hemispheres (Chugani
1994; Chugani and Phelps 1986; Chugani et al. 1987b;
Kinnala et al. 1996). The frontal cortex, however, re-
mains relatively dormant in terms of glucose consump-
tion (Fig. 6.2). Coinciding with these changes in glucose
metabolism is the emergence of a number of behaviors,
such as improved visual-spatial and visual-sensorimotor
integration (Bronson 1974) and the disappearance or
reorganization of neonatal brainstem reflex behaviors
(Table 6.2) (Andre-Thomas and Saint-Anne Dargassies
1960; Parmelee and Sigman 1983). The cortical matura-
tion is evident also on the electroencephalogram (EEG),
which undergoes dramatic changes during this period as a
result of increasing cortical influence (Kellaway 1979).

The frontal cortex is the last cortical region to undergo a
maturational rise in glucose consumption. Even within the
frontal lobe, there is a rank order of metabolic maturation,
with the lateral and inferior portions of the frontal cortex
becoming active between ages 6 and 8 months (Fig. 6.3),
and the dorsal and medial frontal regions showing in-
creased glucose utilization between ages 8 and 12 months
(Fig. 6.4). These maturational changes in frontal lobe
coincide with the appearance of more cognitively related
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TABLE 6.2
RELATIONSHIP BETWEEN LOCAL CEREBRAL GLUCOSE METABOLISM AND BEHAVIORAL
LANDMARKS IN THE FIRST YEAR OF LIFE

Age Glucose Metabolic Pattern Behavior

� 1 month Active sensorimotor cortical and subcortical regions, Predominantly, subcortical and primitive sensorimotor level
midbrain, brainstem, paleocerebellum of function; intrinsic brainstem reflexes

2–4 months Increasing glucose metabolic activity in basal ganglia, Suppression of intrinsic subcortical reflexes; visual-
cerebral cortex (except frontal and association sensorimotor integration
regions), and cerebellar hemispheres Electroencephalogram: disappearance of neonatal patterns

(trace alternans, frontal sharp transients, frontal rhythmic
delta); appearance of sleep spindles and precursor of
alpha rhythm

8–12 months Increasing glucose metabolic activity in frontal and Cognitive or hypothesis-forming development; stranger
association cortices anxiety; more meaningful interaction with surroundings

Figure 6.1 PET images from a human newborn showing the pat-
tern of brain glucose metabolism. Although there is relatively low
glucose metabolism in most of the cerebral and cerebellar cortex,
a number of brain regions appear to be metabolically active in-
cluding (a) sensorimotor cortex, (b) cingulate cortex, (c) striatum,
(d) thalamus, (e) brainstem, and (f) cerebellar vermis. The auditory
cortex is also relatively active in newborns.
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behaviors, such as stranger anxiety (Kagan 1972), and
improved performance on the delayed response task
(Table 6.2) (Goldman-Rakic 1984; Fuster 1997). Neu-
roanatomic studies have shown that toward the end of the
first postnatal year, dendritic fields expand (Schade and
van Groenigen 1961) and capillary density increases
(Diemer 1968) in the frontal cortex. A pattern of glucose
utilization not unlike that seen in adults is present by 

approximately 1 year of age (Chugani 1994; Chugani and
Phelps 1986; Chugani et al. 1987b), although a few brain
structures (e.g., in the thalamus) undergo further matura-
tion as late as beyond 6 years of age (Van Bogaert et al.
1998).

Glucose Metabolic Rates

Measurement of absolute rates of glucose utilization
during development indicates that the brain is far from
mature at 1 year of age. The cerebral cortex undergoes a
dynamic course of metabolic maturation that persists
until ages 16 to 18 years (Chugani 1994; H. T. Chugani
1999; Chugani and Phelps 1986; Chugani et al. 1987b).
Initially, there is a rise in the rates of glucose utilization
from birth to about age 4 years, at which time the
amount of glucose used in the child’s cerebral cortex is
more than twice that used in the adult’s cerebral cortex
(Fig. 6.5). From ages 4 to 10 years, these high rates of
glucose consumption are maintained, and only after age
10 years is there a gradual decline of glucose metabolic
rates, with rates reaching adult values by age 16 to 18
years. Similar changes, but of lesser magnitude, are ob-
served in basal ganglia and thalamus, whereas the brain-
stem and cerebellum do not show significant changes of
glucose metabolic rates over the course of postnatal de-
velopment.

Significance of Brain Glucose Metabolic
Changes

The important maturational changes just described could
be determined only following the development of PET
technology. Similar studies using SPECT have confirmed
some of the observations described with PET (Chiron et al.
1992; Rubinstein et al. 1989; Tokumaru et al. 1999), but
the poor spatial resolution of SPECT precludes its being
useful in the study of maturation in small brain regions
such as the amygdala and hippocampus.

Functional brain imaging has shown that in the first year
of life, the ontogeny of glucose metabolism follows a phy-
logenetic order, with functional maturation of older
anatomic structures preceding that of newer areas. In addi-
tion, the ranking of structures in terms of the degree to
which maturational increases in glucose metabolic rates ex-
ceed adult values follows a phylogenetic order; with the
greatest changes observed in cerebral cortex, followed by
basal ganglia and thalamus, and, lastly, cerebellum and
brainstem. Although a general relationship between the
maturational sequence of regional glucose metabolism and
the behavioral maturation of the infant has been shown,
further studies are required to explore this anatomic-be-
havioral relationship that forms the basis for the develop-
ment of complex neuroanatomic networks that mediate
human behavior.
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Figure 6.2 PET images from a 3-month-old infant showing mat-
urational increases of glucose metabolism in (a) parietal cortex, 
(b) temporal cortex, (c) occipital cortex, (d) striatum, and (e) cere-
bellar cortex. Note the persistently low metabolic activity in
frontal cortex.
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The dynamic profile of glucose metabolic rates in cerebral
cortex as a function of age (Fig. 6.5) matches that of synaptic
proliferation and dendritic pruning in the postnatal period.
We believe that the ascending portion of the implied curve
in Figure 6.5, representing a period of rapid increase in
glucose metabolic rates, corresponds to the period of rapid

overproduction of synapses and nerve terminals that is
known to occur in the human brain. The “plateau” period,
during which glucose metabolic rates exceed adult values,
corresponds to the period of increased cerebral energy
demand that is a result of transient exuberant connectivity.
Finally, the descending portion of the curve, representing the
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Figure 6.3 PET images from an 8-month-old infant showing the pattern of brain glucose
metabolism. Note that glucose metabolic maturation in lateral frontal cortex (a) precedes that in dor-
sal mesial frontal cortex (b).

Figure 6.4 PET images from a 10-month-old infant showing the pattern of brain glucose
metabolism. An adult pattern of glucose metabolism is almost present, except for in the most rostral
portion of the mesial prefrontal cortex (arrow).

75191_ch06.qxd  8/29/05  20:17  Page 113



developmental decline in the rates of glucose utilization,
corresponds to the period of selective elimination, or “prun-
ing,” of excessive connectivity and marks the time when
developmental plasticity markedly diminishes in humans.
This interpretation is supported by our studies in the cat
(Chugani et al. 1991) and the rhesus monkey (Jacobs et al.
1995). Furthermore, there is an abundance of data to suggest
that in humans, developmental brain plasticity begins to
decline at about the time of puberty (Awaya 1978; Curtiss
1981; Lenneberg 1967; Newport and Supalla 1990;
Schwartz et al. 1987; Vaegan and Taylor 1979).

EPILEPSY

Both PET and SPECT are used clinically to define epilepto-
genic brain regions in children with medically refractory
epilepsy who are being evaluated for possible surgical treat-
ment. These functional neuroimaging tools are particularly
useful in epileptic patients who show no evidence of struc-
tural abnormalities on MRI and in whom, therefore, EEG
localization is the sole guide for the localization of epileptic
foci. With these patients, interictal PET with FDG and other
tracers is a powerful tool for determining functional distur-
bances in the cortex associated with epilepsy. When PET is
not available, ictal SPECT can provide localization of seizure
onset. In patients with a single epileptic focus and seizures
that are frequent and last at least a minute or so, ictal SPECT
may be sufficient. However, when multiple foci, large epilep-
togenic regions, or brief and infrequent seizures are present,
ictal SPECT is of limited value. In addition, interictal SPECT
is not nearly as sensitive as PET in delineating epileptogenic
zones. Ictal PET, on the other hand, is not practical with
these patients, since PET isotopes have a short half-life (e.g.,

108 minutes for 18F and 20 minutes for 11C). The routine use
of functional neuroimaging in presurgical evaluation has
reduced the necessity for chronic invasive EEG monitoring in
many children undergoing epilepsy surgery (reviewed by
Zupanc 1997).

Partial Epilepsy

In patients with refractory temporal lobe epilepsy, interic-
tal FDG-PET scans reveal decreased glucose utilization of
the affected temporal lobe in about 85% of cases. These
areas of hypometabolism correspond anatomically to
pathological and depth-electrode EEG localization of
epileptogenicity (Henry et al. 1993). It is important to
monitor the EEG during the PET tracer uptake period,
since an active focal epileptiform discharge present on the
EEG can be associated with local hypermetabolism, even on
the interictal PET scan. In such instances, the relative
hypometabolism on the contralateral (normal) side could
be mistakenly interpreted as an interictal epileptic focus;
an interpretation that would lead to false lateralization of
the focus (Chugani et al. 1993a). Advances in analysis
techniques of MRI have eliminated the need for func-
tional imaging or invasive EEG monitoring in the major-
ity of patients with temporal lobe epilepsy. FDG-PET
rarely provides additional clinical information when
hippocampal atrophy is present on the MRI (Gaillard et
al. 1995) and is increasingly reserved for those cases in
which the MRI fails to provide the necessary localization.

In seizures of extra-temporal lobe origin, particularly
frontal lobe epilepsy, FDG-PET was initially less sensitive in
detecting focal areas of abnormal metabolism than in tem-
poral lobe epilepsy. Recently developed high-resolution
PET scanners, however, are able to show hypometabolic
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Figure 6.5 Absolute values of local cerebral
glucose metabolic rates (LCMRglc) in cortical (lateral
occipital and calcarine) brain regions plotted as a
function of age in individual healthy infants and
children.
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cortical regions in the majority of children with intractable
frontal lobe epilepsy (da Silva et al. 1997a) (Fig. 6.6). A
different strategy has been to use PET with various tracers
other than FDG. For example, PET studies of the central
benzodiazepine receptor with the antagonist 11C-labeled
flumazenil (FMZ) have shown that adult patients with
partial epilepsy have significantly reduced binding in the
epileptic focus (Savic et al. 1988). Subsequent studies with
detailed intracranial EEG comparisons showed that FMZ-
PET was more sensitive than FDG-PET in delineating cortex
with seizure onset and frequent interictal spiking in
children with intractable epilepsy of extratemporal origin
(Muzik et al. 2000).

Frontal lobe seizures that begin in the neonatal period or
in early infancy typically are associated with an underlying
structural lesion detected by MRI. However, when the MRI
is normal, PET with FDG almost always shows the area of
seizure onset, with the result that early surgical treatment is
possible. The area of metabolic abnormality correlates with
the extent of microdysgenesis (Chugani et al. 1988), but the
extent of decreased FMZ binding appears to be more accu-
rate to delineate the epileptogenic zone to be resected to
achieve seizure-free surgical outcome (Juhasz et al. 2001a).

Interictal SPECT studies are generally less sensitive than
ictal SPECT studies in localizing the epileptic focus in chil-
dren, but have some clinical utility. The typical interictal
SPECT scan is either normal or shows one or more areas of
decreased perfusion. For example, in one 99mTc-HMPAO-
SPECT study of 14 children with frequent seizures
(Heiskala et al. 1993), the typical finding in 11 patients
with partial secondary generalized seizures was a single
hypoperfused area involving the cerebral cortex. The 3
children with Lennox-Gastaut syndrome had multiple
areas of hypoperfusion and a worse clinical outcome. In
this study, SPECT was more sensitive than EEG, CT, or MRI
in detecting abnormalities. Similar sensitivity of interictal
SPECT was found in another study of 14 children with
intractable temporal lobe epilepsy (Cross et al. 1997).

However, most studies using SPECT interictally have found
a sensitivity of no more than 50% (Harvey et al. 1993).

Ictal SPECT is more sensitive than interictal studies in
detecting the epileptic focus in both temporal lobe and
extra-temporal lobe epilepsy. A well-circumscribed area of
increased perfusion is the most common finding (Fig. 6.7),
and in patients whose ictal EEGs are nonlocalizing, the
SPECT localization is particularly useful in surgical plan-
ning (Marks et al. 1992). Harvey and coworkers (1993)
found that ictal, but not interictal, studies were informative
in 14 of 15 children with temporal lobe epilepsy, with ictal
SPECT findings corresponding well with ictal EEG, MRI,
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Figure 6.6 PET scan from a 14-year-
old girl with uncontrolled seizures and
no evidence of focal abnormalities on
MRI. Decreased glucose metabolism is
clearly seen in the right front cortex (ar-
rows), also extending posteriorly with
milder hypometabolism in the parietal
region. Intracranial EEG showed right
frontal seizure onset.

Figure 6.7 Ictal SPECT focus in a 2.5-year-old girl with seizures
of left frontal origin. The red area represents the region with
highest blood flow increase. Coregistration with high-resolution
MRI demonstrated that the focus (arrow) was just in front of the
precentral gyrus (CS � central sulcus). Seizure onset on intracranial
EEG monitoring colocalized with the SPECT focus. (For color detail,
see color insert.)
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and pathology. Even in patients with focal cortical
dysplasias seen on the MRI but a nonlocalizing EEG, ictal
99mTc-HMPAO-SPECT can prove to be invaluable in pro-
viding the necessary localizing data to proceed to surgical
resection (Kuzniecky et al. 1993). Sensitivity and spatial
accuracy of ictal SPECT findings can be enhanced by using
subtraction ictal SPECT coregistered to MRI (SISCOM)
(Vera et al. 1999); that is, the interictal SPECT images are
subtracted from the ictal images and the results displayed
on coregistered MR images. In 40 children with epilepsy,
SISCOM showed localized hyperperfusion in agreement
with the seizure onset zone in 95% of the cases. Impor-
tantly, previously not appreciated MRI abnormalities (such
as areas of subtle cortical dysplasia) can be identified in
some cases (Chiron et al. 1999b). One study compared the
value of ictal SPECT to localize the ictal onset as defined by
intracranial EEG in children with epilepsy and found that
the area with highest ictal perfusion increase colocalized
with the onset area in 12 of 15 children, while it was con-
sistent with early propagation in the remaining 3 (Kamin-
ska et al. 2003). False localization was due to rapid seizure
propagation or subclinical seizure onset. In addition, the
majority (70%) of children with favorable outcome of re-
sective epilepsy surgery had their SPECT focus colocalized
with the resected area.

Some investigators claim that postictal SPECT is more sen-
sitive than interictal SPECT in identifying the epileptogenic
cortex. Rowe and coworkers (1989) found increased uptake
mainly in the anteromesial temporal region in 83% of

patients during the first several minutes after the seizure. The
mesial temporal hyperperfusion was often accompanied by
hypoperfusion in the lateral temporal cortex and other areas
of the ipsilateral cortex corresponding to both degree and
extent of postictal slow-wave activity on the EEG. This pos-
tictal hypoperfusion can last up to 20 minutes. The unilateral
seizure focus was localized correctly in 31 of 45 patients as a
result of postictal SPECT (Rowe et al. 1991). Studies have
demonstrated that postictal SPECT localization of epileptic
foci can also be improved by subtraction of interictal studies,
and then coregistering with MRI (O’Brien et al. 1999).

Infantile Spasms

Infantile spasms are seizures that typically have their onset
at between 3 and 8 months of age and are characterized by
brief jerks of the neck, trunk, or extremities resulting in flex-
ion, extension, or a combination of the two. Depending on
whether an underlying condition has been identified or
not, the spasms are classified as symptomatic or cryptogenic.
A third group, the idiopathic group, is distinctly rare and is
characterized by rapid response to treatment, benign
course, and favorable outcome (Dulac and Plouin 1994).

Glucose metabolism PET studies in children with in-
tractable cryptogenic infantile spasms have shown unifocal
(Fig. 6.8) and, more commonly, multifocal (Fig. 6.9) corti-
cal areas of hypometabolism interictally. Less commonly,
increased focal glucose utilization can be seen if the study
is performed ictally or in the presence of an actively
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Figure 6.8 PET scan of an infant with medically refractory infantile spasms and with normal MRI.
The focus of decreased glucose utilization in the left temporal lobe (arrows) corresponded to the
interictal and ictal epileptiform activity on the EEG.

Figure 6.9 PET images from an
infant with medically refractory
infantile spasms showing multifocal
cortical hypometabolism (arrows).
Although MRI showed normal re-
sults, PET showed foci of decreased
glucose utilization in the left frontal
and in the right parietal cortex as
well as in the right temporal region.

75191_ch06.qxd  8/29/05  20:17  Page 116



discharging focus on the EEG. The EEG localization of focal
ictal or interictal abnormalities corresponds well to the PET
focus in most cases (Chugani et al. 1990, 1993b). However,
when hypsarrhythmia is present on the EEG, focal electro-
graphic abnormalities either preceding or following the
presence of hypsarrhythmia correlate best with the location
of PET cortical abnormalities. When available, therefore,
EEGs performed before the onset of spasms must be
reexamined in conjunction with the PET study.

The discovery of these focal cortical metabolic abnor-
malities on PET has allowed some infants with refractory
spasms to be treated with cortical resection. Thus, when a
single region of abnormal glucose metabolism is present,
and there is good correlation between the region localized
with PET and the focus identified on the EEG, surgical
removal of the epileptogenic region results not only in
seizure control but also in complete or partial reversal of
the associated developmental delay. Neuropathological
examination of the resected tissue typically reveals cortical
dysplasia (Chugani et al. 1990, 1993b; Vinters et al. 1992).

Unfortunately, about 65% of infants with cryptogenic
infantile spasms show more than one area of cortical hy-
pometabolism on the PET scan (Chugani and Conti 1996)
and are therefore not ideal candidates for cortical resection
(Fig. 6.9). Within this group is a subgroup of infants with
bilateral temporal hypometabolism and a typical clinical
phenotype, comprising about 10% of all infants with
cryptogenic infantile spasms. The clinical features include
severe developmental delay (particularly in the language
domain) and autism (Chugani et al. 1996).

The high sensitivity of PET in detecting focal cortical ab-
normalities allows most infants diagnosed with cryptogenic
infantile spasms to have their spasms reclassified into the
“symptomatic” category. In a study of 140 infants with in-
fantile spasms, 97 had infantile spasms that were initially
classified as cryptogenic before the application of PET in eval-
uation of etiology (Chugani and Conti 1996). With PET, uni-
focal cortical metabolic abnormalities were uncovered in 30
and multifocal abnormalities in 62 of these infants. Whereas
these findings were confirmed to represent cortical dysplasia
in many of the infants with unifocal abnormalities, because
the infants underwent cortical resection (Chugani et al. 1990,
1993b), pathological studies were not available for the in-
fants with multifocal abnormalities. It is likely that these le-
sions represent cortical dysplasia or ischemic insults. Impor-
tantly, only 5 of the 97 infants in this study continued to be
classified as having cryptogenic infantile spasms after the
benefit of a PET study. It is now recommended that all infants
with intractable cryptogenic infantile spasms undergo an
evaluation with PET. In some cases, PET reveals bilateral sym-
metric or generalized cortical (with or without associated
cerebellar) hypometabolism (Fig. 6.10). This pattern suggests
an underlying genetic/metabolic condition, rather than cor-
tical dysplasia, and strongly discourages pursuing of presur-
gical evaluation but may prompt more detailed metabolic
and genetic studies.

Another important finding with PET in patients with in-
fantile spasms is evidence of complex cortical-subcortical
interactions believed to be important in the secondary
generalization of focal cortical discharges to result in the
infantile spasms. PET studies have shown that, regardless of
the type or extent of cortical abnormality, prominent
glucose metabolism in lenticular nuclei and brainstem is a
common feature in infantile spasms (Chugani et al. 1992).
It is postulated that the infantile spasms result primarily
from focal or diffuse cortical abnormalities interacting with
brainstem and lenticular nuclei and that this type of gener-
alization accounts for the bilateral motor involvement and
relative symmetry of the majority of infantile spasms even
in the presence of a discrete focal lesion (Chugani et al
1992; reviewed in Juhasz et al. 2001b).

Investigators using SPECT technology have also found fo-
cal areas of cortical hypoperfusion in patients with infantile
spasms (Dulac et al. 1987). Furthermore, one study found
that the mean cerebral blood flow decreased just after corti-
costeroid treatment (Chiron et al. 1993). Correlation of fo-
cal hypoperfusion with behavior of the infants showed that
parietal-occipital SPECT foci are often associated with visual
inattention at the time when the infants present with infan-
tile spasms and with long-term cognitive compromise (Jam-
baque et al. 1993). Both visual inattention and cognitive de-
lay have been reversed with successful focal cortical
resection. In a study of 40 children with West syndrome, lo-
calized cortical perfusion abnormalities were seen in 24 pa-
tients (60%), supporting that focal cortical lesions play an
important role in the development of West syndrome (Hagi-
noya et al. 2000). However, the existence of cortical dys-
function as defined by SPECT did not seem to predict seizure
prognosis or developmental outcome in that study.

Other Epilepsy Syndromes

Both PET and SPECT have been used in the study of various
other epilepsy syndromes occurring in infants and children.
Lennox-Gastaut syndrome in children has diverse etiologies
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Figure 6.10 Generalized cortical hypometabolism in a 6-month-
old child with infantile spasms. Note the prominent basal ganglia
and cerebellar vermis (arrow) as a result of diffuse cortical cerebral
and cerebellar hypometabolism. In such cases, a genetic or
metabolic condition can be suspected and presurgical evaluation is
typically not pursued.
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but manifests three common features: a slow spike-wave
pattern (1 to 2.5 Hz) on the EEG, some degree of intellectual
impairment, and the presence of multiple seizure types,
including tonic seizures (Blume et al. 1973). Studies with
FDG-PET have provided a new classification of Lennox-
Gastaut syndrome based on metabolic anatomy. Four
metabolic subtypes have been identified: (1) unilateral
focal, (2) unilateral diffuse, (3) bilateral diffuse hy-
pometabolism, and (4) normal patterns (Chugani et al.
1987a; Iinuma et al. 1987; Theodore et al. 1987). These
glucose metabolic patterns can be useful in determining the
type of surgical intervention indicated for those patients
with uncontrolled seizures. Surprisingly, there were no
differences in glucose metabolic rates between PET studies
performed during continuous slow spike-wave activity and
studies in which there was minimal epileptiform activity on
the EEG (Chugani et al. 1987a).

Sturge-Weber syndrome is a sporadic neurocutaneous
syndrome characterized by facial capillary nevus (port-wine
stain) in the distribution of one or more divisions of the
fifth cranial nerve and ipsilateral leptomeningeal an-
giomatosis. Neurological consequences include intracere-
bral calcification, epilepsy, hemiparesis, hemianopia, and
glaucoma (reviewed in Sujansky and Conradi 1995). In
children with Sturge-Weber syndrome, FDG-PET typically
reveals hypometabolism ipsilateral to the facial nevus and
thus allows the degree and extent of hemispheric involve-
ment to be determined (Chugani and Dietrich 1992;
Chugani et al. 1989). In addition, the rate of hemispheric
deterioration can he determined by quantifying the degree
of hypometabolism in sequential PET studies. PET has been
useful both in guiding the extent of focal cortical resection
(i.e., correlating better with intraoperative electrocorticog-
raphy than CT or MRI) and in assessing candidacy for early
hemispherectomy in patients with Sturge-Weber syndrome.
Paradoxically, children with mild but extensive glucose
hypometabolism (confined to one hemisphere) often have
worse cognitive outcome than children with early and

severe unilateral hypometabolism (Lee et al. 2001); this
finding suggests that early and rapid demise of the affected
hemisphere could be beneficial in allowing unaffected areas
to take over lost functions. In contrast, when the affected
areas show slow deterioration, seizures tend to persist and
plasticity is not optimal; such patients should be good
candidates for resective surgery in our efforts to prevent
cognitive decline. Interestingly, an unusual pattern of
ipsilateral hypermetabolism (Fig. 6.11) can be seen instead
of hypometabolism in young infants with Sturge-Weber
syndrome studied in the interictal state (Chugani et al.
1989). The cause of this transient increased glucose utiliza-
tion is yet to be clarified. SPECT studies demonstrated pres-
ence of regional hyperperfusion even before the occurrence
of clinical seizures (Pinton et al. 1997). After 1 year of age,
the pattern of hypoperfusion is typically seen on SPECT; and
this corresponds topographically to the CT scan abnormal-
ity in Sturge-Weber syndrome (Chiron et al. 1989).

Hemimegalencephaly is a brain malformation character-
ized by congenital hypertrophy of one cerebral hemisphere
with ipsilateral ventriculomegaly. The larger hemisphere is
the more abnormal one and is highly epileptogenic, often
requiring hemispherectomy for alleviation of the seizures
(Vigevano et al. 1989). PET scanning of glucose
metabolism in infants and children with hemimegalen-
cephaly reveals the expected, severe interictal hy-
pometabolism of the affected hemisphere and, more im-
portant, allows the functional integrity of the better
hemisphere to be evaluated. In a study of eight children
with hemimegalencephaly, seven of whom underwent
hemispherectomy, a general correlation was found be-
tween the degree of metabolic involvement of the less-af-
fected hemisphere and overall prognosis (Rintahaka et al.
1993). Another study, using SPECT in two children with
hemimegalencephaly, showed a similar pattern of de-
creased perfusion in the malformed hemisphere (Konkol et
al. 1990), despite the patients having very different EEG
findings.
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Figure 6.11 Interictal glucose metabolism PET scan from a 2-month-old infant with seizures and
Sturge-Weber syndrome. The left facial port-wine stain, left-sided epileptogenicity on the EEG, right
hemiparesis, and subsequent development of left cerebral calcifications were all consistent with an
abnormal left cerebral hemisphere. However, note the increased interictal glucose metabolism (ar-
rows) in left frontal, parietal and superior temporal cortex, which is in contrast to the right hemi-
sphere, in which there is a normal pattern of glucose metabolism for age (cf. Figure 6.1).
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Tuberous sclerosis complex (TSC) is a neurocutaneous
disorder, characterized by tumor growths that involve
multiple organs, including brain, retina, kidney, heart, and
skin. It is inherited as an autosomal dominant trait with a
high degree of penetrance and a high spontaneous muta-
tion rate. Approximately 70 to 90% of patients with TSC
have seizures, which are attributed to the presence of brain
cortical malformations, which typically are evident as areas
of cortical hypometabolism on interictal FDG-PET. These
hypometabolic areas often extend beyond the structural
lesions visible on MRI. However, FDG-PET is not able to
identify which of the multiple tubers are epileptogenic and,
therefore, is not useful to guide surgical resection in TSC
patients with medically intractable seizures. A relatively
new PET tracer, �-[11C]methyl-L-tryptophan (AMT) has
proven to be helpful in this respect. AMT, which has been
developed as a tracer for serotonin synthesis with PET
(Diksic et al. 1990), is an analogue of tryptophan, the
precursor for serotonin biosynthesis. The properties of
AMT make it a suitable tracer substance for the PET mea-
surement of serotonin biosynthesis in vivo in humans
(Chugani et al. 1998b; Muzik et al. 1997)(see Autism on
page 121). Alternatively, increased AMT uptake can occur
due to activation of the alternative kynurenine pathway,
producing important neurotoxic and convulsant metabo-
lites, such as quinolinic acid (reviewed by Stone 2001).

AMT PET can identify a single tuber or a small subset of
epileptogenic tubers with increased uptake in approxi-
mately two thirds of the cases, while nonepileptogenic tu-
bers show decreased AMT uptake (Asano et al. 2000;
Chugani et al. 1998a; Fedi et al. 2003) (Fig. 6.12). Thus,
AMT PET is a powerful imaging tool to guide intracranial
electrode placement for resective epilepsy surgery in
children with TSC. More recent studies have also shown
AMT PET to be a promising imaging method to localize
epileptic foci in children with extratemporal epilepsy not
associated with TSC. In such cases, AMT PET can identify
epileptogenic cortex as an area of increased uptake even if
FDG-PET and MRI show ambiguous results, and appears to
be most sensitive in epilepsies associated with malforma-
tions of cortical development (Juhasz et al. 2003). In-
creased cortical AMT uptake can also identify nonresected
epileptic cortex after failed resective epilepsy surgery
(Juhasz et al. 2004)(Fig. 6. 13).

DISORDERS OF COGNITIVE
DEVELOPMENT

Structural neuroimaging with CT and MRI has been of lim-
ited value in the evaluation of children with cognitive disor-
ders. For example, anatomic abnormalities are rarely evident
with CT or MRI in children with learning disabilities (such as
developmental dyslexia). Yet, most learning disabilities are
believed to be neurobiologically based (Filipek 1995;
Pennington 1995; Weinberg et al. 1995). Furthermore, the

various types of learning disorder probably have their
abnormal function in different brain regions and circuits,
and functional neuroimaging could be suitable in detecting
these neuroanatomic substrates. With this strategy in mind,
Zametkin and colleagues (1990) evaluated adults with
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Figure 6.12 �-[11C]Methyl-L-tryptophan (AMT) PET identifies
an epileptogenic tuber by showing increased uptake in a child with
tuberous sclerosis and intractable epilepsy. Out of the three tubers
(1. right frontal; 2. left frontal; 3. left parietal) shown on this plane,
only the right frontal one showed increased AMT uptake, while the
other two had decreased uptake. Ictal EEG confirmed that the right
frontal region was epileptogenic.

Figure 6.13 �-[11C]Methyl-L-tryptophan (AMT) PET can identify
nonresected epileptic regions following a failed cortical resection
in some patients. This 8-year-old boy had undergone a left superior
frontal, parietal, and temporal resection but continued to have
seizures. AMT PET showed an area of increased uptake in the left
inferior frontal cortex (arrow), which was corroborated as a residual
seizure focus by ictal intracranial EEG.
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childhood-onset hyperactivity using FDG-PET and found
about 8% reduction of global cerebral glucose metabolic
rates in the patients compared with control subjects, with the
largest degree of reduction in premotor and superior pre-
frontal cortical regions bilaterally. These studies suggested
that functional neuroimaging with PET and SPECT could be
powerful tools for the evaluation of various disorders of
cognitive development, including the learning disabilities.

When performed in the resting state, PET and SPECT
studies indicate brain regions of abnormal function. In
contrast, when obtained during the performance of a
specific task by the subject, a PET scan of 15O-labeled water
will show patterns of cerebral blood flow that indicate the
circuits activated by the task and whether they are
functioning abnormally (Posner and Raichle 1994). The
advantage of PET activation studies, compared with SPECT
activation studies, is that the half-life of 15O is about 2
minutes, allowing multiple tasks to be performed within a
session. In contrast, SPECT allows only a single activation
paradigm to be studied. Task activation of neuronal
circuits can also be achieved with echoplanar MRI tech-
nique (functional MRI, discussed earlier). Since absolute
cooperation of the subject is required in activation studies,
these methods are generally not suitable in young children.

Developmental Dyslexia

Both resting FDG-PET studies and PET/SPECT activation
studies have been performed in patients with developmental
dyslexia. Resting FDG-PET studies in dyslexic subjects have
revealed several patterns of abnormal glucose metabolism,
including bilateral hypometabolism of temporal and pari-
etal cortex (Fig. 6.14), bilateral temporal hypometabolism,
and unilateral left temporal hypometabolism (Chugani, un-

published data). These findings are in agreement with neu-
ropsychological data indicating heterogeneity in patients
with developmental dyslexia. Activation studies with SPECT
in adults who were dyslexic as children have demonstrated
deficient Wernicke’s area activation and excessive tem-
poroparietal activation during a spelling task, findings that
suggest a trait anomaly of the left hemisphere (Flowers et al.
1991). Subsequent PET studies using 15O-labeled water in
dyslexic adults showed a failure to activate the left tem-
poroparietal cortex during a rhyme detection task, and re-
duced activation/unusual deactivation in mid- and posterior
temporal cortex bilaterally and in inferior parietal cortex,
predominantly on the left side, during both pronunciation
and decision making (Rumsey et al. 1992, 1997). More re-
cent PET studies have also revealed abnormal cerebellar acti-
vation (Nicolson et al. 1999) and functional disconnection
of the left angular gyrus from other parts of the reading net-
work in adults with persistent developmental dyslexia (Hor-
witz et al. 1998). Subsequent fMRI studies support the no-
tion that impaired activation of key regions for language
perception and auditory attention in dyslexic subjects could
account for persistent deficits in phonological awareness and
reading tasks (Ruff et al. 2003).

Developmental Dysphasia

Two groups of children with developmental language
disabilities (expressive dysphasia and expressive-receptive
dysphasia) and a group of children with attention-
deficit/hyperactivity disorder (ADHD) were evaluated with
SPECT in the resting condition, during the performance of
a simple auditory task, and during performance of an audi-
tory phonemic discrimination task. Unlike the expressive
and ADHD groups, the expressive-receptive group showed
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Figure 6.14 PET images from an adolescent boy with developmental dyslexia showing cerebral
glucose metabolism. Note the bilateral parietal cortex hypometabolism (arrows). The MR images did
not show any abnormalities.
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an absence of left-hemispheric activation during the
phonemic discrimination task. In addition, neither of the
two language disability groups showed the left inferior pari-
etal activation seen in the children with ADHD (Tzourio et
al. 1994). A subsequent study added to these findings by
demonstrating a lack of increase of rCBF in the left hemi-
sphere (in Broca’s area) but increased rCBF in the right
hemisphere (in the region homologous to Broca’s area)
during a dichotic listening task given to boys with expressive
dysphasia (Chiron et al. 1999a). The resting physiological
asymmetry was reversed in favor of the right hemisphere in
all areas except Broca’s area. These findings illustrate how
functional imaging can demonstrate abnormal lateraliza-
tion and localization of language functions in the brain.

Learning Disability in Turner’s Syndrome

Turner’s syndrome is one of the most common of the hu-
man chromosomal aneuploidies, with an incidence of
about 1 in 2,500 live female births. Both the severity and
the type of cognitive impairment are highly variable among
individuals with Turner’s syndrome and cannot easily be
accounted for by genotypic differences associated with
chromosomal karyotype. The cognitive impairments often
involve visuospatial and mathematical difficulties. Struc-
tural neuroimaging with MRI and CT scanning, and even
neuropathological studies, have failed to identify any con-
sistent abnormality to account for the cognitive difficulties
in Turner’s syndrome. On the other hand, PET investiga-
tions have shown a consistent pattern of bilateral occipital
and parietal hypometabolism in adults with Turner’s syn-
drome (Clark et al. 1990). A study of children with Turner’s
syndrome showed similar results, with the additional find-
ings of temporal lobe hypometabolism in some subjects
and a general correlation between the neuropsychological
profile and the metabolic pattern (Elliott et al. 1996). This
has been confirmed by subsequent quantitative PET studies
of cerebral glucose metabolism, which have also revealed,
in addition to focal hypometabolism in associative cortical
areas, a generalized cerebral hypermetabolism in patients
with Turner’s syndrome, probably reflecting abnormal
neuronal packing (Murphy et al. 1997). These studies
suggest that the X chromosome is likely to be involved in
development of cortical association areas in the brain.

Autism

Functional neuroimaging has been used in attempts to
identify the neuroanatomic substrates involved in autism.
In one study, elevated glucose metabolic rates were found in
multiple brain regions of 10 autistic adults, but there was
considerable overlap with control subjects, and no com-
mon regional abnormality could be identified in the autis-
tic subjects (Rumsey et al. 1985). Further analysis of these
data using correlation coefficients, a method that allows the
strength of functional association between brain regions to

be measured, revealed abnormal correlations between
frontal and parietal regions and between the neostriatum
and thalamus (Horwitz et al. 1988). In a study involving 18
autistic children, neither the rates nor the regional distribu-
tion of brain glucose metabolism was different from that in
control subjects (De Volder et al. 1987). Similarly, Siegel et
al. (1992) compared autistic adults and normal controls
mixed for gender and found no difference in global cerebral
glucose metabolism. In another study involving autistic
children, some of whom had seizures and other coexisting
conditions, MRI revealed evidence of neuronal migration
anomalies in 3 of 13 children, and PET showed evidence of
abnormalities in 5; however, no common or uniform ab-
normality could be demonstrated (Schifter et al. 1994). In
contrast, Haznedar et al. (1997) performed MRI and glucose
PET scans on high-functioning autistic patients and re-
ported that the right anterior cingulate was significantly
smaller in relative volume and was metabolically less active
in the autistic patients compared to the normal subjects. The
data from SPECT studies on autism have also been hard to
interpret. One study found global hypoperfusion as well as
hypoperfusion in the right lateral temporal lobe and right,
left, and midfrontal lobes in four autistic adults compared
with control subjects (George et al. 1992). Another study
found no regional perfusion abnormalities in 21 autistic
children evaluated with SPECT (Zilbovicius et al 1992). In
a subsequent longitudinal study, the same group studied
five autistic children (three males, two females) at the age of
3 to 4 years and again 3 years later, in comparison to two
age-matched groups of nonautistic children (five children
ages 3 to 4 years and seven children aged 6 to 12 years) with
normal development (Zilbovicius et al 1995). The investi-
gators reported frontal hypoperfusion in the autistic chil-
dren at ages 3 to 4 years, but not at the ages of 6 to 7 years,
suggesting a delayed frontal maturation in childhood
autism. Another SPECT study showed hypoperfusion in the
temporoparietal region in six autistic patients between 9
and 21 years of age, but further clinical information on these
subjects was not provided (Mountz et al. 1995).

Studies investigating alterations in neurotransmitters,
hormones, and their metabolites in the blood, cere-
brospinal fluid (CSF), and urine of autistic patients have
provided some evidence for the potential involvement of
several neurotransmitters in autism (for review, see Ander-
son 1994). Furthermore, given that there is evidence for
dysfunction in widely distributed brain regions in autism,
the monoamine neurotransmitters are interesting candi-
dates to be examined due to their widespread modulatory
role in the brain. To this purpose, functional imaging has
been used to examine in autism the role of two
monoamine transmitters, dopamine (Ernst et al. 1997) and
serotonin (Chugani et al. 1997, 1999).

Ernst et al. (1997) studied 14 medication-free autistic
children with [18F]-labeled fluorodopa (F-DOPA) using
PET. F-DOPA is a precursor of dopamine, which is taken
up, metabolized, and stored by dopaminergic terminals.
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These authors reported a 39% reduction of the dopaminer-
gic activity in the anterior medial prefrontal cortex in the
autistic group, but no significant differences in any of the
other regions measured. It was therefore suggested that de-
creased dopaminergic function in prefrontal cortex could
contribute to the cognitive impairment seen in autism.

Although there is evidence for the potential involve-
ment of several other neurotransmitters in autism, the most
consistent findings involve serotonin. Pharmacological
treatments that decrease serotonergic neurotransmission,
such as tryptophan depletion, have been reported to result
in an exacerbation of symptoms in autistic subjects (Mc-
Dougle et al. 1996b). Conversely, administration of sero-
tonin reuptake inhibitors appears to result in improvement
of compulsive symptoms, repetitive movements, and social
difficulties in autistic adults (Cook et al. 1992; Gordon et
al. 1993; McDougle et al. 1996a).

Chugani et al. (1997) used AMT PET scanning (see also
the earlier section on tuberous sclerosis) to study healthy,
seizure-free children with autism (seven males and one fe-
male, ages 4 to 11 years) and their healthy nonautistic sib-
lings (four males and one female, ages 8 to 14 years). Gross
asymmetries of AMT standard uptake value (SUV) in frontal
cortex, thalamus, and cerebellum were visualized in seven
autistic boys (Fig. 6.15), but not in the one autistic girl stud-
ied or in four of the five siblings. Decreased AMT accumula-
tion was seen in the left frontal cortex and thalamus in five
of seven autistic boys. This was accompanied by an elevated
AMT accumulation in the right cerebellum, in the region of
the cerebellar dentate nucleus. In the remaining two autistic
boys, AMT accumulation was decreased in the right frontal
cortex and thalamus and elevated in the left dentate nucleus.
The overall difference in asymmetry scores between the
autistic boys and their siblings was found to be statistically
significant, and regional asymmetry scores in the frontal cor-
tex and thalamus were also found to differ significantly. The
specificity of these abnormalities to serotonin synthesis was
apparent when comparing the AMT scans to the FDG-PET
and MRI scans, both of which were normal. Chugani et al.
(1999) also measured whole brain serotonin synthesis
capacity in autistic and nonautistic children at different ages
using AMT and PET. Global brain values for serotonin
synthesis capacity were obtained for 30 healthy, seizure-free
autistic children (24 males and 6 females, ages 2 to 15 years),

eight of their healthy nonautistic siblings (six males and two
females, ages 2 to 14 years), and 16 epileptic children with-
out autism (nine males and seven females, ages 3 months to
13 years). For nonautistic children, serotonin synthesis ca-
pacity was greater than 200% of adult values until the age of
about 5 years and then declined toward adult values. Sero-
tonin synthesis capacity values declined at an earlier age in
girls than in boys. In autistic children, serotonin synthesis ca-
pacity increased between the ages of 2 years and 15 years to
values 1.5 times of the adult normal values and showed no
gender difference. The data indicated a period of high brain
serotonin synthesis capacity during childhood, and that this
developmental process is disrupted in autistic children.

Landau-Kleffner Syndrome (Acquired
Epileptic Aphasia)

Landau-Kleffner syndrome, or acquired epileptic aphasia,
is characterized by progressive language loss after the ac-
quisition of normal language function. The associated
epilepsy is usually relatively mild (Landau and Kleffner
1957). During slow-wave sleep, continuous spike-and-
wave discharges can be seen in some patients, but the pres-
ence of this electroencephalographic pattern is not required
to make the diagnosis. Typically, the CT and MRI scans
in Landau-Kleffner syndrome are normal. An FDG-PET
study performed during sleep in three children with
Landau-Kleffner syndrome showed metabolic disturbances
consisting of hypermetabolism or hypometabolism in the
temporal lobes and were right-sided, left-sided, or bilateral
(Maquet et al. 1990). In children with Landau-Kleffner syn-
drome and continuous spike-and-wave discharges during
sleep, PET scans have shown bilaterally increased temporal
lobe glucose metabolism in the sleep state compared with
the awake state, suggesting that the temporal lobes could
be involved in the generation of continuous spike-and-
wave discharges during slow-wave sleep (Rintahaka et al.
1995). The role of temporal lobe dysfunction in the patho-
physiology of this condition has been also supported by a
subsequent FDG-PET study of 17 children with Landau-
Kleffner syndrome, demonstrating bilateral temporal lobe
hypometabolism in 15 of them, although several other
cortical regions also displayed hypometabolism in a subset
of the patients (da Silva et al. 1997b).
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Figure 6.15 Focal abnormalities of
tryptophan metabolism in an autistic
boy, demonstrated by �-[11C]methyl-L-
tryptophan (AMT) PET. The figure
shows a typical pattern of decreased
AMT uptake in the left frontal cortex
and thalamus, and an increased uptake
in the cerebellum, in the region of the
dentate nucleus (arrows).
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Children With Early Severe
Socioemotional Deprivation

Previous studies conducted in orphans adopted from East-
ern European orphanages have found a variety of physical,
cognitive, and social disturbances in such children (Ames
1997; Rutter 1998). The behavioral abnormalities reported
in these children are similar to those seen in early socially
deprived nonhuman primates (Suomi 1997). The impact
of early social deprivation on human brain function has
been studied recently using functional neuroimaging. In
one study, FDG-PET scans in 10 postinstitutionalized Ro-
manian orphans (ages 7.1 to 11.3 years) revealed decreases
of brain glucose metabolism in mostly limbic structures,
including the medial temporal region (amygdala and head
of hippocampus), orbital frontal and infralimbic prefrontal
cortex, the lateral temporal cortex, and the brainstem
(Chugani et al. 2001) (Fig. 6.16). These brain regions form
networks that have been shown to be activated by stress
and damaged with prolonged stress (Lopez et al. 1999).
Findings from these imaging studies suggest that the
chronic stress endured by children from severe socioemo-
tional deprivation during infancy can result in altered
development of limbic structures and that altered func-
tional connections in these circuits could represent the
mechanism underlying persistent behavioral disturbances.
Although preliminary, such functional neuroimaging
studies provide an unprecedented opportunity to further
understand the biological basis of early social deprivation
and could prove useful to monitor therapeutic attempts in
the future.

PERINATAL HYPOXIC-ISCHEMIC
BRAIN INJURY

The earliest PET studies performed in the pediatric popula-
tion involved newborns with perinatal asphyxia. These
studies provided a new perspective on the mechanisms of
neonatal brain injury and established the feasibility of PET
studies on sick neonates.

In preterm infants with intraventricular hemorrhage,
FDG-PET studies found that the area of metabolic abnor-
mality (hypometabolism) extended beyond the regions
that had been noted to be anatomically abnormal with CT
(Doyle et al. 1983). Subsequently, measurements of local
cerebral blood flow with PET in preterm infants with intra-
ventricular and intracerebral hemorrhage demonstrated
that in addition to a paucity of cerebral blood flow in the
area of hemorrhagic involvement, there was markedly
reduced blood flow throughout the affected cerebral hemi-
sphere (Volpe et al. 1983). It therefore appeared that in
these premature infants, intracerebral hemorrhage was but
one manifestation of a large ischemic infarct. In full-term
asphyxiated neonates, PET showed that the most consistent
abnormality of cerebral blood flow was a relative hypoper-
fusion to the parasagittal regions of the brain (Volpe et al.
1985). In a further study, the same investigators found that
cerebral blood flow rates of less than 10 ml/100 g/minute
in newborns are compatible with normal neurological de-
velopment (Altman et al. 1988). A subsequent study of chil-
dren suspected of having hypoxic-ischemic brain injury
found that children who were developing normally had the
expected maturational increases of brain glucose uptake,
whereas children who were developing abnormally tended
to show persistently low glucose metabolism (Suhonen-
Polvi et al. 1993). Similar observations have been made
with SPECT, which showed hypoperfusion of all parts of the
brain except the basal ganglia, brainstem, and sensorimotor
cortex in neurologically affected infants (Konishi et al.
1994). A correlational study of PET findings with neurolog-
ical outcome in term infants with hypoxic-ischemic en-
cephalopathy found that total cerebral glucose metabolism
rates measured during the first 3 weeks after birth was
predictive of neurological sequelae, which were still present
at 2 years of age (Thorngren-Jerneck et al. 2001).

Spastic Diplegia

Spastic diplegia is the typical motor manifestation in
children with static encephalopathy associated with
premature birth. The expected neuropathology, referred to
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Figure 6.16 FDG-PET scan of a 6.5-year-old child
who was adopted from an Eastern European orpahan-
age. Note the severe hypometabolism in the region of
hippocampus and amygdala bilaterally (arrows). An
objective group analysis using SPM revealed further
hypometabolic areas in the orbital frontal and infral-
imbic prefrontal cortex, the lateral temporal cortex,
and the brainstem (Chugani et al. 2001).
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as periventricular leukomalacia, in these children is readily
identified on MRI scanning and represents ischemic lesions
in the watershed region peculiar to the premature infant
(Volpe 1995). These lesions are limited to white matter
tracts dorsal and lateral to the lateral ventricles, seen most
frequently near the foramen of Monro and the occipital
horn. Cognitive difficulties are common in children with
spastic diplegia, with an incidence of up to 20 to 40% in
some follow-up studies of low-birth-weight infants
(Blennow et al. 1986; Lefebvre et al. 1988). These cognitive
problems are poorly predicted by MRI studies (e.g.,
Feldman et al 1990). Functional neuroimaging studies in
children with spastic diplegia associated with premature
birth have demonstrated focal areas of SPECT hypo-
perfusion (Denays et al. 1989) or PET hypometabolism
(Kerrigan et al. 1991) in the parietal-occipital cortex
adjacent to ultrasound or CT/MRI lesions representing
periventricular leukomalacia. These findings suggest that
the hypoperfusion and hypometabolism are the result of
disrupted white matter tracts to and from the cortex (Fig.
6.17). Focal cortical volume loss was subsequently demon-
strated in these children using MRI volumetry (Inder et al.
1999), thus confirming the functional neuroimaging
studies. The clinical significance (and possible predictive
value) of these focal cortical functional lesions with respect
to the cognitive difficulties so frequently encountered in
these children is currently being examined.

Choreoathetoid/Dystonic Form of
Cerebral Palsy

In the full-term infant who has suffered from perinatal
asphyxia, a static encephalopathy associated with chorea,
athetosis, or dystonia can be seen. The neuropathological
correlate of this disorder is usually gliosis and dysmyelina-

tion of the thalamus and basal ganglia, particularly the
striatum (Volpe 1995). FDG-PET studies in a number of
such children have shown either absent or markedly
depressed glucose metabolism in the thalamus and lentic-
ular nuclei, with relative sparing of the caudate nucleus
(Kerrigan et al. 1991). The cerebral cortex is also relatively
spared (Fig. 6.18), a finding that is consistent with the
clinical observation that most of these children have
relative preservation of cognitive function compared with
their severe motor impairment. FDG-PET can be used in
this group of children to evaluate their cognitive potential
as a guide to early intervention.

CEREBROVASCULAR DISEASE

Functional neuroimaging is often helpful in the study of
pediatric cerebrovascular disease, providing an assessment
of the extent of functional involvement, which generally in-
volves an area exceeding in size the anatomically affected
area. In a series of 15 infants and children presenting with
cerebrovascular disorders, SPECT showed focal hypoperfu-
sion in all patients, with three patients also being shown to
have adjacent hyperemia. Interestingly, two of the patients
showed no abnormalities on repeated CT scans (Shahar et
al. 1990). In patients with sickle cell disease, PET studies
have shown increased regional cerebral blood flow and
blood volume, but no differences in oxygen extraction or
consumption, compared with control subjects (Herold et
al. 1986). A subsequent FDG-PET study of 49 children with
sickle cell disease showed abnormalities in glucose
metabolism that were much more extensive and often
bilateral when MRI abnormalities were lacking or subtle
(Powars et al. 1999). PET was particularly sensitive in
detecting focal abnormalities in children with no overt
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Figure 6.17 PET images from a 4-year-old child with spastic diplegic cerebral palsy associated with
premature birth who was evaluated for delayed language skills. MRI revealed irregular contour to the
walls of the lateral ventricles and high signal intensity in the periventricular white matter but no ab-
normalities in the cortex. PET revealed moderate hypometabolism in the left parietal and temporal cor-
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neurological symptoms. Thus, PET can be a sensitive and
objective clinical tool to monitor response to therapeutic
interventions in children with sickle cell anemia.

MOVEMENT DISORDERS

Most of the functional neuroimaging studies performed in
this category have been on adults with disorders such as
parkinsonism, Huntington’s disease, and dystonia. For these

and other dyskinesias in adults, PET studies using 18F-
labeled 6-fluorodopa to measure presynaptic dopaminergic
function have been particularly useful (see, e.g., Turjanski et
al. 1993). But use of PET with FDG or other PET ligands—for
example, [11C]raclopride, which labels the dopamine D2

receptors (Brooks et al. 1992), and [11C]-l-deprenyl, which
labels monoamine oxidase B (Fowler et al. 1993)—has also
provided useful information. Only a few studies have
been performed in children, and these also have yielded
interesting findings.
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Figure 6.18 PET images showing glucose utilization and MR images from a 10-year-old girl with
choreoathetoid cerebral palsy associated with abruptio placentae and birth asphyxia at term. The MR
images show increased T2 signal intensity in the periventricular white matter, thalamus, and lenticular
nuclei. The PET images show bilateral hypometabolism in the thalamus and lenticular nuclei (arrow);
the cerebral cortex is relatively normal except for hypometabolism in the right parietotemporal region
(arrowheads).

75191_ch06.qxd  8/29/05  20:18  Page 125



Huntington’s Disease in Children

Abnormal basal ganglia metabolism is seen in children
with juvenile Huntington’s disease, in whom the caudate
and lenticular nuclei show markedly decreased glucose
utilization (Fig. 6.19) (De Volder et al. 1988a). This finding
is interesting because it is similar to what is found in adult
Huntington’s disease (Kuhl et al. 1982), yet the clinical
presentations are quite different between the two forms.
The juvenile form is characterized by intellectual decline,
rigidity, seizures, and behavioral difficulties, whereas the
adult form has as major manifestations chorea and demen-
tia. Another study, however, found that the metabolic
pattern in a child with juvenile Huntington’s disease
consisted of hypometabolism in the posterior nuclei of the
thalamus (Matthews et al. 1989), a pattern that has not
been seen in the adult form of the disease.

Tourette’s Syndrome

In the few children with Tourette’s syndrome who have
been studied with FDG-PET, no consistent abnormalities
have been found. However, a perfusion SPECT study
reported subcortical asymmetries in Tourette’s syndrome
patients due to reduced right basal ganglia perfusion
(Klieger 1997). Several studies evaluated various aspects of
dopaminergic transmission, since it is believed that distur-
bances in the dopaminergic system contribute to the patho-
physiology of Tourette’s syndrome. Such studies reported
elevated striatal dopamine transporter levels (Krause et al.
2002) and also abnormal presynaptic DOPA decarboxylase
activity (Ernst et al. 1999). Another study also demonstrated
increased dopamine release in the striatum of Tourette’s
syndrome patients (Singer et al. 2002). Preliminary imaging
data using AMT PET (discussed previously) appear to sup-
port the role of abnormal serotonergic neurotransmission
in the pathophysiology of Tourette’s syndrome and some of

its comorbid conditions, such as ADHD and obsessive-
compulsive disorder (Ho et al. 2003).

NEURODEGENERATIVE DISORDERS

Some neurodegenerative disorders of childhood are char-
acterized by relatively specific findings on CT or MRI
scanning. For example, in Hallervorden-Spatz disease, a
disorder of abnormal iron metabolism in brain, the MRI
shows hypointense areas in the basal ganglia and substan-
tia nigra (see Rouault 2001 for review). However, structural
neuroimaging in many childhood neurodegenerative
disorders reveals nonspecific abnormalities such as
progressive cerebral atrophy and is of limited value in these
cases. In such disorders, imaging of glucose metabolism or
a variety of biochemical processes with PET or SPECT can
provide more specific findings and yield important insight
into the pathophysiology of these disorders.

Mitochondrial Encephalopathies

The combined use of PET and magnetic resonance spec-
troscopy (MRS) can be useful in the evaluation of children
with disorders involving mitochondrial function. In one
such study, FDG-PET in children with defects of oxidative
phosphorylation and lactic acidosis showed a massive in-
crease in glycolysis, believed to be a result of compensatory
efforts to meet energy requirements of the brain. Elevated
lactate in the brain was confirmed with MRS. An increase in
glycolysis was not seen in children with normal respiratory
chain activity and lactic acidosis due to stress and exercise
(Duncan et al. 1995). An earlier study on subjects with
mitochondrial diseases evaluated both oxygen and glucose
utilization with PET and found that patients with brain
disease in addition to muscle disease had a lower ratio of
oxygen-to-glucose consumption in the brain, a finding
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Figure 6.19 PET images from a 16-year-old girl with Huntington’s disease showing glucose
metabolism. Note the absence of metabolic activity in the caudate and lenticular nuclei. The thalami
appear normal (arrows).
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which suggests that there is aerobic glycolysis to lactate and
possibly other intermediate metabolites (Frackowiak et al.
1988). Elevated brain lactate level is indeed an important
diagnostic finding in mitochondrial diseases and, since it
can indicate functional involvement irrespective of
structural MRI abnormalities, MRS can be a useful comple-
mentary tool to monitor disease progression or treatment
efficacy (Castillo et al. 1995; Pavlakis et al. 1998). SPECT
has also been used to evaluate children with mitochondrial
disorders. SPECT is less useful than PET in this context but
does show focal areas of decreased perfusion believed to be
related to stroke events (Fujii et al. 1995).

Neuronal Ceroid Lipofuscinoses

The neuronal ceroid lipofuscinoses are a group of autosomal
recessive diseases that are characterized, in general, by
seizures, developmental regression, and progressive visual
impairment. The juvenile form (CLN-3) is also known as
Spielmeyer-Vogt (or Batten) disease. FDG-PET studies in
children with Spielmeyer-Vogt disease evaluated early in the
course of the disease have revealed decreased glucose

metabolism in the calcarine cortex (Philippart et al. 1994)
(Fig. 6.20). In contrast, late infantile neuronal ceroid lipo-
fuscinosis (CLN-2; Jansky-Bielschowsky disease, with curvi-
linear inclusions) is characterized by rapid degeneration
with generalized cortical and subcortical hypometabolism
(Philippart et al. 1997). As the juvenile form of the disease
progresses, a rostral spread of glucose hypometabolism to
other cortical areas is observed. We have not seen this pattern
of abnormality in any other childhood or adult neurode-
generative processes, and, therefore, PET may be of diagnos-
tic value in Spielmeyer-Vogt disease. In addition, the rate of
disease progression can be monitored with PET.

RETT SYNDROME

The few studies that have been performed with PET in chil-
dren with Rett syndrome have shown conflicting results.
One study found reduced rates of oxygen metabolism and
oxygen extraction fraction, particularly in frontal cortex
(Yoshikawa et al. 1991), but another study found slightly
increased glucose metabolism in frontal cortex and
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Figure 6.20 PET images from two children with Spielmeyer-Vogt disease showing cerebral
glucose metabolism. (A) Early in the course, there is hypometabolism in the occipital cortex (thick
arrows); as the disease progresses, hypometabolism is seen in other posterior cortical regions and
may be asymmetric, as shown in the images from this child, with occipital, right parietal, and
posterior temporal cortex hypometabolism (thin arrows). (B) Diffuse and severe cortical hy-
pometabolism is seen in the late stages of the disease. Note the relative preservation of glucose
metabolism in the basal ganglia, thalamus, brainstem, and mesial temporal structures.
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hypometabolism in occipital cortex (Naidu et al. 1988). In
addition, PET with [18F]-6-fluorodopa and [11C]-raclopride
have been used to study dopaminergic function in young
patients with Rett syndrome (Dunn et al. 2002). MRI scans
of these patients showed significant volume reductions of
the basal ganglia (caudate heads and thalami), which was
corroborated by reduced fluorodopa uptake in the caudate
and putamen. In contrast, dopamine D2 receptor binding
was increased significantly by almost 10% in both of
these structures, suggesting a mild presynaptic deficit of
nigrostriatal activity in Rett syndrome.

Canavan’s Disease

Canavan’s disease is an autosomal recessive hereditary
leukodystrophy due to deficiency of the enzyme aspartoa-
cylase, which is the primary enzyme involved in the
catabolic metabolism of N-acetylaspartate (NAA). Struc-
tural imaging studies typically show severe nonspecific
white matter abnormalities compatible with demyelina-
tion. Proton MRS studies can be useful to support the
presumed diagnosis of Canavan’s disease by showing
increased levels of NAA as compared to choline and
creatine in the affected brain regions (Wittsack et al. 1996).

Subacute Sclerosing Panencephalitis

In a single child with the rapidly progressive form of suba-
cute sclerosing panencephalitis (SSPE), the absolute rates of
glucose metabolism were markedly decreased in cortical gray
matter structures but normal in caudate and lenticular
nuclei. In contrast, cerebral glucose metabolic rates were
normal in another child who appeared to have slow
progression of the disease (Yanai et al. 1987). There is one
study suggesting that abnormal patterns of cerebral glucose
metabolism can return to normal in patients with SSPE
following treatment with human interferon beta. A case was
reported in which the patient prior to such treatment was
shown to have symmetric hypometabolism in the thalamus,
cerebellum, and cortex (except primary motor region) and
hypermetabolism in the lenticular nuclei. After treatment,
which was associated with some clinical improvement,
glucose metabolic rates returned to normal in the cerebral
cortex. However, the bilateral focal necrosis present in the
putamen as shown on CT and MRI scans indicated disease
progression. Persistent hypermetabolism was evident in the
caudate and in the spared superoposterior portion of the
putamen (Huber et al. 1989). The findings from this study
are somewhat difficult to interpret, but further studies have
not been performed.

Alternating Hemiplegia of Childhood

Between attacks, FDG-PET studies in patients with alternat-
ing hemiplegia have shown normal findings (Mikati
and Fischman 1995). However, an 11-year-old boy with

alternating hemiplegia studied with C15O2 and PET during
an acute episode of right hemiplegia was found to have
slightly increased perfusion in the insula, putamen, and
claustrum in the left hemisphere (Tada et al. 1989).
Although this finding has been interpreted as suggesting a
vascular etiology, this is not necessarily the explanation,
because cerebral blood flow is tightly coupled to cerebral
metabolism, and, therefore, intrinsic neuronal perturba-
tions could also result in blood flow alterations. A more
recent PET study of cerebral tryptophan metabolism in
children with alternating hemiplegia performed during or
shortly after an attack showed increased serotonin synthesis
capacity in the frontoparietal cortex, lateral and medial
temporal structures, striatum, and thalamus when com-
pared to controls, and subjects with alternating hemiplegia
studied interictally. In addition, larger estimated lifetime at-
tack numbers were associated with delay in communication
and daily living skills. These studies suggest that attacks in
alternating hemiplegia are associated with increased
regional serotonergic activity, and that frequent attacks can
have an effect on neurodevelopment, thus supporting the
notion that alternating hemiplegia of childhood can be a
progressive disorder (Pfund et al. 2002).

Other Childhood Neurodegenerative
Disorders

Glutaricaciduria type I (Ozand and Gascon 1991a, 1991b)
is an autosomal recessive disorder in the oxidative pathway
of lysine, hydroxylysine, and tryptophan that is caused by a
defect of the enzyme glutaryl-CoA dehydrogenase. The
clinical presentation of individuals with this disorder is
heterogeneous, with intermittent metabolic acidosis or
extrapyramidal signs. FDG-PET shows a dramatic pattern of
absent metabolic activity in the striatum bilaterally and
diffuse cortical hypometabolism (Fig. 6.21). These findings
suggest that although the brain is diffusely affected in this
metabolic disorder, the striatum is particularly vulnerable
to damage (Awaad et al. 1996).

In another inborn error of metabolism, adenylosucci-
nase deficiency, in which there is a deficiency in the
synthesis of purine nucleotides, psychomotor retardation
with autism is a prominent clinical feature (Jaeken and Van
den Berghe 1984). PET scanning in this disorder has shown
a consistent pattern of markedly diminished glucose
metabolism in all gray matter structures except the cerebel-
lum. The hypometabolism was most pronounced in the
frontal lobes (De Volder et at. 1988b). The typical pattern
of glucose metabolism on FDG-PET in patients with
Wilson’s disease is hypometabolism of the lenticular nuclei
(Hawkins et al. 1987). When patients with Wilson’s disease
have been studied with PET and [11C]raclopride, reduced
uptake is seen in the striatum; after treatment with d-
penicillamine, [11C]raclopride uptake shows improve-
ment, and this suggests that the defect in striatal neurons is
reversible (Schwarz et al. 1994). Wilson’s disease is an
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example of a disorder in which the effectiveness of therapy
can be monitored with PET, which provides unique infor-
mation not otherwise obtainable.

CONCLUSION

This chapter has shown how functional neuroimaging with
PET, SPECT, proton MRS, and fMRI modalities continue to
emerge as important tools in the diagnosis, monitoring,
and eventual treatment of a variety of neuropsychiatric
disorders in infants and children. In some cases, such as
infantile spasms, functional imaging has led directly to new
treatment options previously not considered. In other
instances, properly selected functional imaging methods
can provide specific diagnostic markers (such as increased
NAA on proton MRS in Canavan’s disease). In most cases,
anatomic and functional neuroimaging provide comple-
mentary data and should be carefully used together for
optimum management. Studies over the past few years
have provided several examples of how application of new
PET and SPECT tracers have gained clinical importance
(e.g., those for imaging benzodiazepine and dopamine
receptors, or serotonergic neurotransmission). With both
SPECT and PET, the synthesis of even newer tracers
designed to evaluate various biochemical processes in the
brain is proceeding at a rapid pace. These tracers are being
applied to pediatric neuropsychiatric disorders to yield a
wealth of new and specific information related to patho-
physiology and therapeutic guidance. Imaging specific
biochemical functions can also lead to identification of
various patterns of abnormal brain function. This sub-
classification allows more accurate genotyping in future
genetic studies aimed to clarify the genetic background of
pediatric neuropsychiatric disorders.
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frontotemporal atrophy.
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The electroencephalogram (EEG) and event-related poten-
tials (ERPs) are two brain imaging methodologies that
provide functional information about the developing
brain. Both EEG and ERPs represent electrical activity
recorded from the scalp, with the assumption that the ori-
gin of these electrical signals is in the brain itself. Al-
though once thought to be the product of action poten-
tials, there now is general agreement among researchers
that the scalp signal is the summation of postsynaptic po-
tentials (Nelson & Monk, 2001). The EEG signal is spon-
taneous but context-related, with the signal generated dur-
ing quiet rest being different from that generated during
mental activity. The ERP signal is event specific, with on-
set aligned to a temporarily locked event. This means that
both the EEG and ERP signals have temporal resolution
on the order of milliseconds. Thus, postsynaptic changes
immediately are reflected in the EEG and ERP, making
these methodologies outstanding for tracking rapid shifts
in brain functioning. Furthermore, these brain electrical
signals are robust and the techniques by which they are
obtained are somewhat easy, noninvasive, and relatively
inexpensive. These characteristics make the EEG and ERP
methods some of the more favorable ones for studying
brain development in infants and children and for relat-
ing brain development to changes in behavior (Casey &
de Hann, 2002; de Haan & Thomas, 2002; Taylor &
Baldeweg, 2002).

In this chapter we highlight the value of EEG/ERP for the
study of typical and atypical brain/behavior relations in

infancy and childhood. We begin with an overview of the
basic methodology associated with EEG and ERP tech-
niques. Next, we describe research studies that have used
the EEG in examining individual differences in social and
emotional behaviors. The focus of this section is on studies
examining behavioral inhibition or extreme shyness. In the
final section, we describe studies that have been conducted
using ERPs to measure the neural correlates of cognitive
and social behavior in typically developing and atypical
populations. Our review in this section focuses on studies
of face processing, one method that has proven especially
useful in studies of development.

ELECTROENCEPHALOGRAM (EEG) AND
EVENT-RELATED POTENTIALS (ERP)
METHODOLOGY

The EEG and ERP signals represent the electrical potential
between two scalp electrodes. In reality, however, re-
searchers utilize multiple electrodes in EEG/ERP studies.
For ease and speed in application with pediatric popula-
tions, electrodes are available in configurations that con-
tain multiple electrodes. Typically, one of two methods is
used for electrode application. A Lycra stretch cap that can
be custom made to different head sizes and number of elec-
trodes is available for use with infants and children as well
as adults (Fig. 7.1). After the EEG cap is placed on the head,
recommended procedures regarding EEG data collection
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with infants and young children should be followed (EEG:
Pivik et al., 1993; ERP: Picton et al., 2000). Specifically, a
small amount of abrasive gel is placed into each electrode-
recording site and the scalp gently rubbed. This prepares
the scalp by gently removing any dry skin that may interfere
with EEG recordings. Following this, conductive gel is
placed in each site.

A second method of electrode application is the
geodesic net system (Electrical Geodesics, Inc.; Tucker,
1993). This system provides a large number of electrodes
that are distributed evenly across the scalp. This system of
electrode placement has the advantage of being very easy to
apply even to young infants. In addition, the geodesic sys-
tem uses high-impedance amplifiers that do not require
scalp abrasion to improve the connection between elec-
trode and scalp. The use of these amplifiers is somewhat
controversial, although studies are beginning to emerge
that show similar findings between this system and the Ly-
cra cap system (Johnson et al., 2001).

A standard set of electrode placements referred to as
the International 10–20 system has been used by most re-
searchers (Jasper, 1958). For a number of reasons, the va-
lidity of this electrode application has been challenged
over the years. Of greatest relevance for this summary are
problems with application of the 10–20 system to infants
and young children. The Jasper system relies for place-
ment of electrodes on a ratio of distances between ante-
rior and posterior sites. It is unclear whether this same ra-
tio exists across development or whether different regions
of the brain mature at different rates, leading to differ-
ences in the relation between anterior and posterior
growth. However, several researchers have examined this
problem, primarily through autopsy (Blume, Buza, &
Okazaki, 1974) and radiograph (Hellstrom, Karlsson, &

Mussbichler, 1963), and have found that the 10–20 sys-
tem does an adequate job in defining placement of elec-
trodes across key cortical regions. However electrodes are
distributed across the scalp, it is important to note that
electrical activity is volume conducted at different rates
through different materials (e.g., scalp, meninges, brain,
cerebrospinal fluid). Thus, the scalp distribution of elec-
trical activity only provides an approximation of the loca-
tion of the source of the activity. High-density recordings
likely increase the accuracy of these estimates; however,
electrophysioloical methods remain significantly less ac-
curate for estimating the location of activity as they do the
time course of that activity.

EEG Data Reduction and Measures

The methods for recording “clinical” EEG and “quantita-
tive” EEG are identical. Clinical EEG records are analog
tracings that focus on the time domain. These clinical EEG
records are inspected by visual analysis and yield valuable
information regarding neuropathology in infants and chil-
dren, as well as gestational age/maturation level of prema-
ture infants. Quantitative EEG is a digital record that is
converted from the time domain to the frequency domain
using fast Fourier transform. This is accomplished to assess
mathematical changes in brain electrical activity and corre-
sponding psychological functions. Quantitative techniques
can also be used to assess developmental changes in the
EEG during infancy and childhood. This chapter focuses on
quantitative EEG.

Theoretically, the EEG signal is composed of multiple
sine waves cycling at different frequencies. The Fourier
transform decomposes the EEG into these different sine
waves and estimates the spectral power (in mean square
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microvolts) at each frequency. The result is information re-
garding the contribution of each individual frequency to
the entire EEG spectrum at a particular electrode site. Power
is thought to reflect the excitability of groups of neurons.
Increasing power values across age are considered indica-
tive of brain development (Bell, 1998; Marshall, Bar-Haim,
& Fox, 2002). The power data are normalized because EEG
power data are usually positively skewed. The most com-
mon normalization for EEG data is the natural log (David-
son, Jackson, & Larson, 2000).

Power values are usually totaled across frequency bins
to form measures of power in a specific frequency band.
Alpha activity, so named by Berger (1929) because it was
the first EEG rhythm he discussed, cycles at 8 to 13 Hz
and is the predominant frequency band for adults. Activa-
tion of brain areas underlying specific scalp electrodes is
assumed when alpha power values at those electrode sites
are lower during stimulus processing than they were dur-
ing resting baseline (Bell & Fox, 2003; Davidson, Chap-
man, Chapman, & Henriques, 1990). Similarly, activation
of brain areas underlying specific electrodes also is as-
sumed when alpha power values at those electrode sites
are lower during rest than are alpha power values at cor-
responding electrodes sites on the opposite hemisphere
(Davidson et al., 2000).

Interest in the normal developmental course of the EEG
began with Berger’s (Berger, 1932) report of EEG
differences among infants, young children, and adults. This
work immediately generated longitudinal studies of EEG
development during infancy and childhood (Henry, 1944;
Lindsley, 1939; Smith, 1938a, 1938b). These pioneering re-

searchers used visual inspection of EEG records to describe
the appearance of a 3–5 Hz rhythm over the occipital area
at 3 months of age that increased to a frequency of 6 to 7
Hz by 12 months of age. More recently, researchers have
noted, based on these earlier studies, that by the second
half of the first year of life the majority of infant EEG activ-
ity can be found in the 3 to 12 Hz band (Fox & Davidson,
1987, 1988). Furthermore, there appears to be a peak in
EEG activity at 6 to 9 Hz during this same time period (Bell,
1998; Johnson et al., 2001; Molfese, 1989; Molfese, Wetzel,
& Gill, 1993; Sato, Kochiyama, Yoshikawa, & Matsumura,
2001). This period of rapid EEG development during the
first year of life continues into early childhood and is then
followed by a more gradual change in EEG. In longitudinal
studies of EEG development during childhood, frequencies
of 9 to 10 Hz at occipital locations have been reported by 8
years of age (Bell, 1998; Lindsley, 1939; Smith, 1938b; see
Bell, 1998, for a detailed review of the ontogeny of EEG
during infancy and childhood). Thus, the pediatric EEG sig-
nal has different frequency, as well as amplitude, character-
istics relative to the adult EEG signal (Fig. 7.2). Researchers
must take care to examine frequency components that are
appropriate for infant and child populations.

ERP Data Reduction and Measures

As with EEG, ERP data are scored for artifact before data
analysis is conducted. Some ERP data-collection programs
include algorithms for detecting data that include eye-
blinks, motor artifact, and environmental noise. Other re-
searchers choose to manually inspect data, as is frequently
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Figure 7.2 Comparison of infant (top) and adult (bottom) EEG tracings. Note the differences in
frequency and amplitude. Eyeblinks (arrows) are labeled in each tracing.
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done in EEG recording. Regardless of which method is
used, researchers should inspect averaged data from each
individual subject for artifact.

After artifact detection, data from the raw EEG recording
are averaged over some number of trials that are defined by
the onset of some temporally-locked event (e.g., the pre-
sentation of a stimulus). In this way, the background EEG
is removed over trials, and ERP components emerge. Sev-
eral components are usually observed in developmental
ERP research. A complete review of the components
elicited in most ERP studies is beyond the scope of this
chapter. We describe the components typically elicited and
analyzed in visual ERP paradigms used with children, as
this is the type of study we describe in a later section of the
chapter. The reader should be aware that a number of other
components are elicited in studies using auditory stimuli
and in studies conducted with adults (see Fig. 7.3).

Visual ERP studies conducted with infant and child pop-
ulations typically elicit characteristic ERP components.
Characteristic ERP patterns seen in visual ERP studies with
infants are shown in Figure 7.4. Among the first of these to
be identified and the one that seems to be most pervasive
in the developmental literature is the Nc component. This
component was first identified by Courchesne (Courch-
esne, 1978; Courchesne, Ganz, & Norcia, 1981). The Nc
component is a middle latency (peaking at about 500 msec
after stimulus presentation) negative component. The scalp
distribution of the Nc was first described as involving

frontal and central midline electrodes. Since the develop-
ment of high-density recording methods, it has become
clear that the Nc is broadly distributed over the frontal
scalp. The Nc is thought to be related to the infant’s atten-
tional response to a salient stimulus (Courchesne, 1978;
Courchesne et al., 1981; de Haan & Nelson, 1997, 1999;
Nelson, 1994; Nelson & Collins, 1991). The more salient
the infant finds the stimulus, the larger the amplitude of
the Nc that is elicited. Thus, if an infant sees a novel object,
and has a novelty preference, the amplitude of the Nc will
be larger than that elicited by a familiar stimulus. However,
if the familiar stimulus is highly salient (e.g., a picture of
the infant’s mother), the Nc can be larger to the familiar
stimulus. In addition, early in development, the Nc can re-
spond to the frequency with which a familiar stimulus is
presented, so that the Nc is larger to a infrequently pre-
sented familiar stimulus than to a more frequently pre-
sented familiar stimulus (Nelson & Collins, 1990, 1991).
The Nc component is typically elicited in young children
and can be seen until at least 7 years of age (Courchesne,
1978). It is not typically seen in adults.

Other ERP components elicited in many developmental
studies are also seen in adults. Early components thought
to reflect sensory processing are elicited over occipital scalp
locations and are similar in morphology to early sensory
components seen in adults (Courchesne, 1978). These
components are typically labeled in relation to their polar-
ity and peak latency (e.g., P250) or by their polarity and
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Figure 7.3 Adult ERP waveform recorded at a posterior electrode site in a target/nontarget
paradigm. The top arrow indicates the P300, which is larger in response to the target stimulus. The
second arrow indicates the early sensory component, N200.
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Figure 7.4 Infant ERP waveforms at frontal (a, Fz) and posterior (b, O1) electrodes. The arrows in-
dicate the Nc component (in [a]), the P500 component (positive peak in [b]), and the early sensory
component N200 (in [b]). The Nc and P500 components are larger to a highly salient stimulus (in this
case, a negative facial expression).
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ordinal position (e.g., the second negative component
would be referred to as N2). A large amplitude positive
component (P500) has been observed over occipital scalp
locations. This component has been described primarily in
studies of face recognition, although it has also been
elicited in studies of object recognition. The function of this
component is not entirely clear; however, it appears to have
some face-specific response characteristics, making it a po-
tential candidate for a precursor to the face-specific com-
ponent observed in adults (de Haan, Pascalis, & Johnson,
2002). Finally, slow-wave activity (activity that does not re-
solve in a clear peak) has been observed in studies of mem-
ory (Nelson & Collins, 1990, 1991). This slow-wave activ-
ity occurs late in the recording epoch, and its polarity may
be related to memory updating, novelty detection, or recog-
nition.

A final component that is important for the discussion
of face processing is the N170. This is an early component
that peaks over posterior parietal electrode sites and is sen-
sitive to aspects of face processing (Bentin, Allison, Puce,
Perez, & McCarthy, 1996). The N170 is larger in response
to faces than other classes of stimuli and is sensitive to the
orientation in which faces are displayed. The N170 is larger
in amplitude and slower in latency for inverted faces than
for upright faces. It is not clear whether the N170 can be
identified in developmental studies. De Haan and col-
leagues (de Haan et al., 2002) suggested that early devel-
opmental precursors to the N170 are apparent in the P400
and the negative peak that immediately precedes it.

Typical dependent measures in ERP studies include the
peak amplitude of the component and its latency, as well as
the area underneath the curve formed by the component, and
the average amplitude of the component. Principle compo-
nents analysis (PCA) and independent components analysis
(ICA) have also been used in some studies in attempts to iso-
late multiple underlying neural sources that could contribute
to activity recorded at the scalp (Grice et al., 2001).

In ERP studies, the stimuli typically belong to two or sev-
eral categories or conditions and are analyzed across these
conditions, leads (i.e., activity at different electrode sites),
and any grouping variables. Data from clinical populations
are typically compared to that from a control group, al-
though the choice of control group needs to be made with
great care. For example, in studies of children with develop-
mental delay, controls might typically be matched on men-
tal age. However, there are significant maturational changes
in children that could preclude the choice of a much
younger control group. In such cases, it is often helpful to
test a group of children who have developmental delay of a
different etiology and thus are matched on both maturation
and level of cognitive functioning.

Limitations of EEG/ERP

EEG and ERP are among the more favorable brain imag-
ing methods for use with infants and children; however,

these methodologies have some drawbacks. Although the
EEG and ERP signals have outstanding temporal resolu-
tion, they have poor spatial resolution. There are at least
three reasons for this shortcoming (Davidson et al.,
2000). First, even with multiple electrodes, there are gaps
between electrodes on the scalp. This prohibits a com-
plete electrical mapping of the scalp. Second, the skull be-
haves like a low-pass filter and distorts the underlying
brain electrical activity over a large area of the scalp. Fi-
nally, scalp potentials are likely generated by multiple
groupings of cortical and subcortial generators spread
across a relative wide area. Thus, an electrode is likely de-
tecting electrical activity generated from nonlocal groups
of neurons.

The accuracy of algorithms devised to localize electrical
activity in the brain from scalp surface recordings is a
source of debate (Dien, Spencer, & Donchin, 2003;
Mosher, Leahy, & Lewis, 1999; Picton et al., 2000). These
considerations are amplified in studies with infants, pri-
marily due to challenges in electrode application, testing
parameters, and physical differences between infants and
adults (Johnson et al., 2001). These differences include
myelination of certain brain areas and dendritic arboriza-
tion (Greenough, Black, & Wallace, 1987; Greenough &
Volkmar, 1973), and differences between adults and chil-
dren in factors that affect the transmission of electrical sig-
nals, such as differences in skull and meninges thickness,
and open fontanels in infancy. Our limited understanding
of neural development in humans compounds the prob-
lem of accurate localization of source activity in the young
infant. Johnson and colleagues (2001) reported that rea-
sonable source localization can be estimated in about half
of infant subjects. Thus, improvements in methods for both
analyzing source information and recording brain electrical
activity are needed before we can accurately estimate the
source of such ERP activity in infants.

Another drawback is that the EEG is prone to distortion
because of motor movement. Artifact may result from such
gross motor activity as waving of the arms and legs or from
motor activity as fine as a blink or a slight eye movement.
Although adult research participants are generally coopera-
tive when requested to sit without moving, young children
often have great difficulty in refraining from gross motor
movements. Researchers must ensure that their expecta-
tions for the behavior of young children in EEG and ERP
paradigms are developmentally appropriate.

CLINICAL APPLICATIONS OF 
EEG STUDIES

EEG methodology has proven very useful in studies of cogni-
tive and socioemotional development. We have highlighted
the use of the EEG in research on cognitive development else-
where (Bell & Wolfe, 2004). Here we focus on the use of the
EEG in research on socioemotional development and specif-
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ically examine EEG correlates of behavioral inhibition. Be-
havioral inhibition is a childhood temperament profile of
great interest to developmentalists because of its association
with later developing anxiety disorders (Biederman et al.,
2001; Kagan, 1997; Ollendick & Hirshfeld-Becker, 2002;
Schwartz, Wright, Shin, Kagan, & Rauch, 2003). In this selec-
tive overview, we describe the development of behavioral in-
hibition, briefly discuss the neural circuitry hypothesized to
be involved in behavioral inhibition, and then detail EEG
correlates of behavioral inhibition in children. Although the
EEG cannot be used as a diagnostic tool for behavioral inhi-
bition, its inclusion in research projects may help provide a
convergent piece of evidence toward the goal of understand-
ing the biological underpinnings of behavioral inhibition.

Development of Behavioral Inhibition

Temperament refers to relatively enduring individual differ-
ences in affective moods and behaviors observed during in-
fancy and early childhood. Current theories of temperament
consider these individual differences to have a biological ba-
sis and most likely a genetic basis as well (Kagan, 1998;
Rothbart & Bates, 1998; Schmidt, Polak, & Spooner, 2001).
Much of the work on individual differences in temperament
can be delineated along the behavioral dimensions of ap-
proach and withdrawal (Fox, 1994; Schmidt & Fox, 1999).
Thus, behavioral inhibition, more specifically “inhibition to
the unfamiliar” (Kagan, 1994, 1999), is a temperament pro-
file that describes children who tend to withdraw from un-
familiar people, objects, and situations, whereas uninhibited
children tend to approach under these circumstances.

The term “behavioral inhibition” is most often associ-
ated with the work of Jerome Kagan and his colleagues at
Harvard, who have reported that behavioral inhibition is
associated not only with behavioral withdrawal but also
with negative affect (Garcia-Coll, Kagan, & Reznick, 1984)
and physiological arousal (Kagan, Reznick, & Snidman,
1987). In longitudinal studies from infancy to adulthood,
Kagan and colleagues have focused on individuals who are
at the extremes of approach and withdrawal profiles be-
cause these were the groups of children who displayed the
most consistent behavior across laboratory tasks, although
this consistency was not acute (Kagan, 1999; Kagan,
Reznick, Snidman, Gibbons, & Johnson, 1988). Others
also have noted that behavioral inhibition can be moder-
ately stable throughout childhood for some individuals
(Fox, Henderson, Rubin, Calkins, & Schmidt, 2001; Scarpa,
Raine, Venables, & Mednick, 1995).

Although temperament profiles are considered to be
rather enduring individual differences in affective moods
and behaviors, it is probably not the case that specific, mi-
croscopic behaviors are permanent. Kagan (1998) holds
that infants are born with a particular temperamental pro-
file that undergoes change as a result of experiences with
parents, teachers, and peers. Because of all these changes,
the actual descriptive names of temperament profiles in in-

fancy should differ from those used to describe older chil-
dren. Thus, it appears that the most notable temperament
profile in infancy is distress or irritability (Kagan, 1998;
Rothbart, Derryberry, & Posner, 1994), whereas the most
notable temperament profile in childhood is shyness or,
more aptly, fearfulness (Kagan, 1998). These different tem-
perament profiles at different times in development may be
related to the development of behavioral inhibition.

In Kagan’s work, as well as the work of others, infant
predictors of inhibited and uninhibited behaviors in child-
hood center on motor and affective reactivity to sensory
stimuli (Calkins, Fox, & Marshall, 1996; Fox et al., 2001;
Kagan, 1997; Kagan & Snidman, 1991). Highly reactive in-
fants have been shown to display high motor activity and
high negative affect to visual, auditory, and olfactory stim-
uli at 4 months of age. Low-reactive infants remained mo-
torically inactive and display little affect to sensory stimuli
at 4 months. During the toddler period (ages 14 and 21
months), many (but not all) of these high-reactive infants
exhibited fearful behavior to unfamiliar people, objects,
and situations. The low-reactive group typically exhibited
minimal fear (e.g., Kagan, 1997). By age 4, members of the
original high-reactive group were less likely to talk and
smile to an unfamiliar adult than were members of the low-
reactive group. With unfamiliar peers, the original high-
reactive group were avoidant and quiet (Kagan, 1998).

This temperament profile was not rigidly stable, however.
Only a small percentage of the original high-reactive and
low-reactive infant groups exhibited consistent inhibited or
uninhibited profiles across each age and at each assessment
period (Fox et al., 2001; Kagan, 1998). Maternal behavior
(Schmidt et al., 2001) and possibly day care experience (Fox
et al., 2001) have been implicated in the instability of the be-
havioral inhibition temperament profile. Thus, it appears
that experience may be able to dampen, or perhaps even en-
hance, original temperament quality (Kagan, 1998).

Of most interest to developmentalists is the evidence that
individuals with stable behavioral inhibition profiles across
childhood are at risk for social anxiety disorder (Biederman
et al., 2001; Schwartz et al., 2003). Social anxiety disorder is
the most common anxiety disorder in adolescence and
adulthood. It is the third most common of all neuropsychi-
atric disorders, following major depression and alcohol de-
pendency (Ollendick & Hirshfeld-Becker, 2002). Most
models of social anxiety hypothesize interactions between
biological and psychological variables, as well as genetic
influences. Children with behavioral inhibition from the
original Kagan studies had parents with higher rates of so-
cial phobia than the parents of the uninhibited children
(Rosenbaum et al., 1991). Similarly, in another parent-
child sample, behavioral inhibition was associated with so-
cial anxiety among children whose parents had panic disor-
der. Furthermore, behavioral inhibition predicted
childhood social anxiety beyond what could be predicted
from parent panic disorders (Biederman et al., 2001). Kagan
has emphasized, however, that most children with behav-
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ioral inhibition will not develop an anxiety disorder. It is
more likely that behavioral inhibition in childhood will be
associated with introverted, or shy, adult personality (Ka-
gan, 1998).

Neurological Basis for Behavioral Inhibition

Many developmentalists propose that individual differ-
ences in behavioral inhibition may reflect variation in ex-
citability of the limbic system, specifically the amygdala
and its neural circuitry (Kagan, 1997, 1998; Marshall &
Stevenson-Hinde, 2001) or perhaps even dysregulation of
this neural circuitry (Schmidt & Fox, 1999, 2002; Schmidt
et al., 2001). In particular, the central nucleus of the amyg-
dala is associated with fear (LeDoux, 1996; Nader &
LeDoux, 1999), the most distinguished temperament pro-
file in childhood (Kagan, 1998). As noted previously, fear-
fulness is the primary behavioral component of behavioral
inhibition in childhood, and this has led Kagan and others
to propose that behavioral inhibition is associated with the
functioning of the amygdala and associated circuitry
(Davidson & Rickman, 1999; Kagan, 1997, 1998; Schmidt
& Fox, 1999, 2002). Indeed, recent fMRI evidence lends
support to this hypothesis. Young adults who had been cat-
egorized as having behavioral inhibition when toddlers ex-
hibited greater amygdalar responses to novel versus famil-
iar faces compared with young adults categorized as
uninhibited as toddlers (Schwartz et al., 2003).

Data from animal studies have been used to suggest that
the frontal cortex is also an integral part of the fear system
(see Schmidt & Fox, 2002, and Schmidt et al., 2001, for
overviews of the neural circuitry of the fear system). In hu-
mans, the frontal cortex is associated with emotion expres-
sion, regulation, and associated processes (Davidson, 1992,
1995; Fox, 1991, 1994). Functional connections have been
demonstrated between the frontal cortex and the amygdala,
and this is of importance for any model of behavioral inhi-
bition. Communication between these two brain areas may
be important for regulating withdrawal responses to aversive
stimuli and approach responses to appetitive stimuli (David-
son & Rickman, 1999; Marshall & Stevenson-Hinde, 2001).

Both Fox (1991, 1994) and Davidson (1992, 1995)
have proposed two basic circuits involving the frontal cor-
tex and associated affects and motivations. The approach
system focuses on positive emotions that are implicated in
pregoal attainments. This system involves reduced negative
affect and active social approach and is associated with left
hemisphere frontal functioning. The withdrawal system in-
volves negative emotions that are implicated in aversive sit-
uations. This system has reduced positive affect and active
social withdrawal and is associated with right hemisphere
frontal functioning (Davidson & Rickman, 1999).

These two affect/motivation circuits have major impli-
cations for EEG work in studies of behavioral inhibition.
One could readily hypothesize that behavioral inhibition
would be associated with functioning of the right frontal

cortex relative to the left frontal cortex. As previously noted,
EEG methodology is especially suited for research with in-
fants and children (Casey & de Hann, 2002; Taylor &
Baldeweg, 2002). Thus, the EEG is an excellent research
tool for examination of the biology/physiology associated
with behavioral inhibition.

Frontal EEG and Behavioral Inhibition

A difference in EEG power values between left and right
frontal EEG scalp electrodes is assumed to reflect relative
differences in neuronal activity between the left and right
hemispheres of the frontal cortex. Evidence presented by
Davidson and colleagues (Davidson, 1992, 1995; David-
son & Rickman, 1999; Davidson, Schaffer, & Saron, 1985)
indicates that within a normal adult population differences
in tonic or baseline EEG alpha (8–13 Hz) hemispheric ac-
tivation are associated with affective style. EEG alpha values
are inversely related to cortical involvement. Thus, lower
power values in a hemisphere (or region) reflect greater
cortical activation of that hemisphere (or region) relative to
the other hemisphere (Davidson et al., 2000; Lindsley &
Wicke, 1974). For example, adults rating themselves high
on the Beck Depression Inventory exhibit greater right
frontal activation (i.e., lower EEG alpha values) during a
resting baseline condition than adults rating themselves
low on the inventory. Likewise, adults who are clinically
depressed also exhibit right frontal activation during base-
line (Henriques & Davidson, 1990). Conversely, left
frontal activation is associated with higher positive affect
on self-report measures (Sutton & Davidson, 1997;
Tomarken, Davidson, Wheeler, & Doss, 1992).

In the adult EEG literature, Davidson has reported that
asymmetries in frontal cortical functioning also are associ-
ated with variations in emotional behavior during tasks de-
signed to evoke different emotion responses (Davidson,
1992, 1994, 1995; Davidson et al., 1990). Specifically,
greater levels of left frontal activation relative to right
frontal activation are associated with positive affect or ap-
proach behaviors. Greater levels of right frontal activation,
relative to left frontal, are associated with negative affect or
withdrawal behaviors.

Developmental evidence seems to suggest that electro-
cortical differences in affective style or temperament can be
evident as early as the first year of life. The EEG power val-
ues used for infants are at developmentally appropriate
lower frequency (i.e., 6–9 Hz) than the traditional 8 to 13
Hz adult alpha levels and may reflect similar processes as
the adult alpha frequency band (Marshall et al., 2002). Fox
and colleagues have shown that infants who cry at mater-
nal separation are more likely to exhibit right frontal EEG
activation during rest or baseline (Bell & Fox, 1994; David-
son & Fox, 1989; Fox, Bell, & Jones, 1992; Fox, Calkins, &
Bell, 1994; Fox & Davidson, 1987). Dawson (Dawson,
1994a, 1994b; Dawson, Panagiotides, Grofer Klinger, &
Hill, 1992) has reported that type and intensity of
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emotional expression during emotion-eliciting tasks is re-
lated to specific patterns of left and right hemisphere
frontal EEG activation in infants. Infants exhibited frontal
activation relative to baseline during a brief maternal sepa-
ration. Furthermore, during emotion-eliciting situations,
infants exhibited right frontal activation during sad, or
withdrawal, situations and left frontal activation during
more positive, or approach, situations. Others have re-
ported similar EEG findings with infant populations (Buss
et al., 2003; Davidson & Fox, 1982). All this infant emotion
reactivity research has implications for EEG work on be-
havioral inhibition.

Using Kagan’s methodology to select infants who may
later on be high or low on behavioral inhibition, Fox has
reported that infants who display negative affect and high
motor activity at age 4 months exhibit right frontal EEG ac-
tivation at age 9 months and inhibited behavior at age 14
months (Calkins et al., 1996). Infants who exhibited a pat-
tern of stable right frontal activation across the 9- and 14-
month time period were more likely to be inhibited at both
age 14 and 24 months relative to those infants who exhib-
ited a pattern of stable left frontal EEG activation (Fox et al.,
1994). Schmidt has speculated that infants may have a tem-
peramental bias toward the emergence of behavioral inhi-
bition in very early childhood. These bias features appear
early in the first year of life and remain stable during the
first 2 years of life (Schmidt et al., 2001). The frontal EEG
indicators of this temperament bias may be indexing indi-
vidual differences in forebrain and limbic sensitivity
(Schmidt & Fox, 2002).

For many infants, these individual differences in affective
style and EEG activation persist throughout the preschool
years and early school age years. Fox has reported that when
these same infants were 4 years old, those who displayed a
high level of behavioral inhibition during play groups with
three unfamiliar peers exhibited greater relative right frontal
EEG activation during baseline rest compared with children
displaying less behavioral inhibition behaviors (Fox et al.,
2001; Henderson, Fox, & Rubin, 2001; Henderson, Mar-
shall, Fox, & Rubin, 2004). It is of note, however, that not
all behavioral inhibition toddlers exhibited behavioral in-
hibition behaviors at age 4 years (Fox et al., 2001), much
like the data reported by Kagan and colleagues (see Kagan,
1998, for a review of this work). Schmidt reported that by
age 7 years, these children who displayed high levels of
behavioral inhibition at the preschool years exhibited an in-
crease in right, but not left, frontal EEG activity during a self-
presentation task as the task became more demanding
(Schmidt, Fox, Schulkin, & Gold, 1999). The self-
presentation task was used with the school-age children be-
cause issues of self-evaluation appear to be at the crux of
many social anxieties (Schmidt & Fox, 1999).

Davidson and colleagues have reported similar EEG data
for children at age 3 years (Davidson & Rickman, 1999;
Finman, Davidson, Colton, Straus, & Kagan, 1989). Chil-
dren were exposed to a play session during which mild

stressors were presented (e.g., talking robot, adult stranger).
Play sessions were experienced with an unfamiliar same-
gender peer. Later the children who exhibited the most be-
havioral inhibition behaviors and those exhibiting the least
behavioral inhibition behaviors returned for EEG baseline
recordings. The group of 3-year-old children with the high-
est levels of behavioral inhibition had relatively more right
than left frontal EEG activity, whereas the children with the
lowest levels of behavioral inhibition had relatively more
left than right activity. EEG power was calculated on a
slightly higher frequency band than that used in the Fox
studies. Power was formulated for 7 to 11 Hz.

Returning at age 9 years for more behavioral testing
and then at age 10 years for EEG recordings, these chil-
dren mimicked the behavioral inhibition-EEG data at age
3 years (Davidson & Rickman, 1999). Comparison of the
3-year-old data with the 9- to 10-year-old data revealed no
stability in either behavioral inhibition or EEG hemi-
spheric activation for the entire group of children. Much
like the previously noted reports of Fox and Kagan, how-
ever, there was a smaller group of children who exhibited
greater relative right frontal EEG activity at both ages, and
these were the children who exhibited behavioral inhibi-
tion behaviors at both ages. One possible explanation for
this apparent lack of behavioral stability in behavioral in-
hibition is that the laboratory measures were not analo-
gous, each being based on developmentally appropriate
tasks (Davidson & Rickman, 1999). It is also the case that
individual differences in EEG activation patterns and be-
havioral inhibition behaviors are influenced by matura-
tional patterns of brain development (Davidson & Rick-
man, 1999).

In summary, these EEG studies indicate an association be-
tween behavioral inhibition and frontal EEG activation from
infancy through the middle childhood years. These associa-
tions lend some credence to the hypothesis that behavioral
inhibition can be linked to the dysregulation of some com-
ponents of the fear system involving the frontal cortex and
the amygdala (Schmidt et al., 2001). Thus, although these
data provide evidence of a biological predisposition to be-
havioral inhibition in some children, there is also evidence
that many children do not exhibit stability in behavioral
inhibition-EEG associations (Davidson & Rickman, 1999;
Fox et al., 2001). Likewise, there is the suggestion that there
are environmental contributions to behavioral inhibition as
well (Fox et al., 2001). The interested reader is directed to the
writings of Schmidt (Schmidt et al., 2001) for a discussion of
possible environmental correlates of childhood shyness or
behavioral inhibition.

CLINICAL APPLICATIONS OF 
ERP STUDIES

ERPs have been used to test a variety of types of function in
populations with developmental disorders. Because they
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are noninvasive, EEG and ERP can be used to understand a
number of aspects of brain development and function in
populations that might otherwise be difficult to test. We
will describe studies that focused on measuring brain func-
tion related to social behavior in children with typical
development, autism, Williams syndrome, and develop-
mental delay. We will describe a paradigm that has proven
highly useful in studying these populations, as well as chil-
dren with typical development.

Typical Development

Faces have long proved a powerful stimulus for use in ERP
studies with infants and very young children. Because par-
ticipants of this age cannot make verbal or motor re-
sponses, researchers depend on their attention to salient
stimuli, which are then varied on some parameter (e.g., fa-
miliarity). Because infants like to look at faces from very
early in development, they are more likely to reliably at-
tend to presentations of face stimuli than almost any other
type of stimulus. Thus, faces have been used to measure in-
fants’ ability to learn about faces through familiarization
(Nelson, 1994, 1998, 2001). They have also been used in
studies designed to elicit and differentiate ERP activity re-
lated to encoding, novelty detection, and memory updat-
ing in infancy (Nelson & Collins, 1991). Faces have also
been used to measure infants’ emotion recognition ability
(Nelson, 1993; Nelson & de Haan, 1996; Nelson &
Horowitz, 1983).

In most previous studies, infants typically viewed faces
that, prior to the experiment, were entirely novel to them.
Infants were typically familiarized with one face or emo-
tional expression, and subsequent ERP activity was mea-
sured to that face or expression in contrast with a novel
(unfamiliarized) face or expression. De Haan and Nelson
(1997, 1999) devised a novel but elegant method by which
infants’ ERP responses to an already familiar stimulus
could be compared to their responses to a new, novel stim-
ulus. A digital image was taken of the infants’ mother, and
was shown paired with an unfamiliar face. De Haan and
Nelson (1997) systematically varied the degree to which
the unfamiliar face resembled the mother’s face. In 6-
month-olds, the similarity between the mother’s face and
the stranger’s face affected infants’ ERP responses to the
mother’s face. Thus, the context in which the familiar face
was seen had an impact on how that face was processed.

In a second study, de Haan and Nelson (1999) com-
pared ERP response to the mother’s face versus a stranger’s
face to their responses to a very familiar object (a favorite
toy brought to the lab from home) versus an unfamiliar toy
(a toy provided by the lab and confirmed by the mother to
be unfamiliar to the infant). This study revealed differences
in the laterality of the Nc component for faces versus ob-
jects where faces elicited a greater Nc over the right hemi-
sphere than the left. (Objects were bilaterally distributed
across the scalp hemispheres.) These data provided

evidence of the lateralization of face processing mecha-
nisms as distinct from general familiarity mechanisms.

A number of labs have adapted the mother’s face recog-
nition paradigm for use with both typically developing
infants and children, and children with developmental dis-
abilities. Carver and colleagues (2002) tested 13-month-
old to 4-year-old typically developing children using the
mother’s face paradigm. The results indicated age-related
changes in the differences between the amplitude of the Nc
component to the mother’s face and the stranger’s face. Fur-
ther analysis revealed that this correlation occurred primar-
ily because the infants’ Nc to the mother’s face decreased
over time, whereas the Nc to the stranger’s face remained
fairly constant. Based on the ages over which this change
occurred, the authors suggested that the effect may be due
to changes in the relative salience of the mother’s face as in-
fants emerge from the stage of attachment. Studies are cur-
rently under way to test this hypothesis.

Autism

One of the key areas of impairment in autism is in social
development. Children with autism fail to attend preferen-
tially to faces as do other children, and adults with autism
show impairments in face recognition tasks and unusual
patterns of brain activity in response to faces. Thus, face
recognition tasks provide an important avenue from which
to explore the brain basis of the social impairments in
autism. Dawson and colleagues (Dawson et al., 2002)
tested 3- and 4-year-olds with typical development, devel-
opmental delay, and autism spectrum disorders using the
mother’s face paradigm and the very familiar object
paradigm (de Haan & Nelson, 1997, 1999). The researchers
noted that 3- and 4-year-olds with autism showed ERP pat-
terns that were similar to those elicited for children with
typical development in responses to very familiar versus
unfamiliar objects. Children in both groups showed differ-
ences in the amplitude of the P500 component. The am-
plitude was larger for the unfamiliar object than for the very
familiar object. Children with typical development also
showed a difference in the amplitude of the Nc component
to familiar and unfamiliar objects. The Nc effect was simi-
lar in children with autism, although it did not reach sta-
tistical significance (Dawson et al., 2002). A very different
pattern was observed for faces. Children with typical devel-
opment showed differences between responses to the
mother’s face and a stranger’s face for the Nc component,
the P500 component, and the slow wave component. Chil-
dren with autism showed no differences between the ERP
response to the mother’s face and the stranger’s face for any
of these components. Interestingly, children with develop-
mental delay showed a third pattern, in which ERP activity
differentiated the familiar from the novel stimulus for both
faces and objects, but only in the slow-wave activity. The
authors interpreted these results as indicating that children
with typical development and developmental delay both
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were able to differentiate both social (faces) and nonsocial
(objects) stimuli, although the components in which this
differentiation occurred varied between these populations.
Children with autism, in contrast, showed differential ERP
activity only to objects, suggesting a specified impairment
in the processing of social information. In future studies,
the mother’s face paradigm could be used longitudinally to
examine the long-term effects of autism on face processing.

ERPs have also been used in a study of face processing in
adults with autism (McPartland, Dawson, Webb, Panagi-
otides, & Carver, 2004). In this experiment, high-
functioning individuals with autism where tested using
standardized behavioral measures of face recognition abil-
ity, and ERPs to faces were tested using a paradigm described
by Bentin and colleagues (1996). High-functioning volun-
teers with autism and typical control volunteers saw ran-
dom presentations of upright and inverted pictures of unfa-
miliar faces and furniture. People with autism failed to show
the usual inversion effect in the N170 (slower and larger am-
plitude to inverted faces). The N170 was also not lateralized
to the right hemisphere in the patients with autism, whereas
it was in the typical controls. Finally, slower latency of the
N170 component over the left hemisphere predicted better
performance on the face recognition task for people with
autism, whereas faster N170 over the right hemisphere pre-
dicted better performance for typical controls. These data
suggest that individuals with autism use a different brain
system for processing faces than do controls. In addition,
the results suggest that the extent to which such compen-
satory strategies are developed may relate to the severity of
the face recognition impairment in autism.

Williams Syndrome

Williams syndrome is a rare genetic disorder that, in many
ways, seems to the polar opposite of autism. Patients with
Williams syndrome are hypersocial where patients with
autism are asocial. Patients with Williams syndrome also
show a pattern of severe impairment in spatial cognitive
abilities with less impairment in verbal abilities. This pat-
tern is the opposite of that typically seen in autism, where
most patients show severe impairments in verbal abilities
and less severe spatial cognitive deficits. In one area, how-
ever, patients from these seemingly disparate disorders are
strikingly similar. Patients with autism and Williams syn-
drome show similar behavioral profiles in face recogni-
tion tasks. Both groups fail to show an inversion effect, in
which inverted faces are recognized less well than upright
faces. ERPs to faces have also been used to test patients
with Williams syndrome. In one study, ERPs of individu-
als with Williams syndrome, autism, and typical controls
were compared in a face processing task (Grice et al.,
2001). Both of the patient groups showed different ERP
patterns than did controls. Patients with autism showed
an increased amplitude to inverted faces (which is a typi-
cal pattern) but did not show differential latency of the

activation. Patients with Williams syndrome showed a la-
tency difference, but not an amplitude difference between
inverted and upright faces. Thus, ERPs proved helpful in
differentiating the underlying neurophysiology between
autism and Williams syndrome, despite similar or identi-
cal behavioral profiles.

Other Populations

In addition to studies of children with autism, ERP methods
can be used with any number of other populations. Pollak
and colleagues (Pollak, Cicchetti, Klorman, & Brumaghim,
1997) measured ERP responses to facial expressions of emo-
tion in children who had or had not been physically abused.
Children who had suffered abuse showed enhanced ERP ac-
tivity to negative facial expressions, especially to angry ex-
pressions. The authors interpreted these results as indicating
that the children’s perception of emotions differed as a func-
tion of their abuse history. These results may prove impor-
tant in future studies of children who have experienced any
number of different environments (e.g., children raised by
caregivers with major depression) and point to a potential
aspect of brain plasticity that might be involved in their be-
havioral profiles.

CONCLUSION

EEG and ERP studies have proven useful for investigating a
number of aspects of development in typically developing
children as well and in clinical populations. The results of
these studies have provided important insights into the na-
ture of the differences found in these populations, as well
as providing information from which hypotheses about
their brain bases can be generated. EEG has proven useful
in our understanding of the brain basis of behavioral inhi-
bition, in both its normative variance and clinical applica-
tion. Electrophysiological methods can, in the future,
provide even more information about both normal and
atypical development. ERP methods would be even more
powerful if used in conjunction with other methods.
For example, functional imaging methods provide high-
resolution spatial information. ERPs used in conjuction
with imaging could provide important information about
both the spatial and temporal characteristics of brain activ-
ity. ERP and EEG methods could also be combined to gain
converging information from their relative strengths. Fi-
nally, electrophysiological methods should be used in con-
junction with behavioral observations to provide the
strongest possible estimate of the neural correlates of be-
havioral change.
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Mental retardation syndromes should be of great interest to
those who study normal development and psychopathol-
ogy. In the last decade molecular biological techniques and
the stimulus of the Human Genome Project have made it
possible to identify many of the genes that are involved in
these disorders. Simultaneously, research in neuroscience
has provided clues as to the role of these genes during brain
development and in postnatal brain function. Studies in
cognitive neuroscience, particularly in the area of neu-
roimaging, have made it possible to study the differences in
information processing in individuals with a specific men-
tal retardation syndrome compared to unaffected persons.
In some cases, it has been possible to demonstrate an asso-
ciation between the genotype and cognitive function; as for
example in the performance of individuals with fragile X on
tasks demanding prefrontal executive resources. Moreover,
it has become apparent that certain psychiatric disorders are
strongly associated with certain mental retardation syn-
dromes, such as the link between schizophrenia and velo-
cardiofacial syndrome or Prader-Willi syndrome, or the fas-
cinating association of Prader-Willi syndrome and
obsessive-compulsive disorder. Although there remains
much that needs to be learned about the precise mecha-
nisms by which the genetic perturbations result in the neu-
ropsychiatric phenotype, the mental retardation syndromes
provide the neuropsychiatrist with a remarkable opportu-
nity to understand how the neurobiological underpinnings
of these disorders affect cognitive and emotional behaviors.
In this chapter we have attempted to provide the reader with
an overview of the genetics, cognitive, neurological and psy-
chiatric features (and, where relevant, medical disorders), of
several well-studied mental retardation syndromes.

CURRENT DEFINITIONS OF MENTAL
RETARDATION

Mental retardation is the term used to describe the condi-
tion of individuals with intellectual impairment and com-

promised adaptive behavior with onset prior to 18 years of
age (in some situations, age 21 years). Three formal defini-
tions of mental retardation are currently recognized. The
Diagnostic and Statistical Manual of Mental Disorders, 4th Edi-
tion (DSM-IV) (1) definition (Table 8.1) establishes an IQ
of approximately 70 as a cutoff-point. If, for example, an in-
dividual has an IQ of 75 but has adaptive functioning with
impairment in two or more skill areas of onset prior to age
18 years, the criteria for mental retardation are met. This rep-
resents a change from the 1987 definition in DSM-III-R (2),
which neither recognized that the classification was contin-
uous nor attempted to integrate IQ and adaptive function-
ing. In the American Association on Mental Retardation
(AAMR) definition, mental retardation is viewed not as an
absolute trait, but rather as an interaction between the indi-
vidual and the environment (3). The AAMR approach is
multidimensional, involving a systematic, three-step evalu-
ation of psychological/emotional, physical/health/etiolog-
ical, and environmental factors, focusing on an individual’s
specific deficits and providing adaptive supports to opti-
mize functioning. The International Classification of
Diseases, 10th Revised Edition (ICD-10) (4) provides a de-
scription of each condition rather than a symptom menu as
in DSM-IV. It clearly describes the same three qualitative fea-
tures that are critical to the diagnosis of mental retardation
in DSM-IV. Like the DSM-IV nosology, ICD-10 defines lev-
els of mental retardation in terms of measured IQ level.

Individual Differences in Profile and Changes
Across the Life Cycle

Individuals with mental retardation have specific strengths
and weaknesses in both cognitive and adaptive areas: one
person might have strong spatial abilities but impaired lan-
guage, whereas another might be independent in self-care
skills and home management but have poor functional
math skills and require help in money management. A
thoughtful, multidimensional neuropsychiatric evaluation
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mental retardation functions. An adequate evaluation
should include a systematic review of the patient’s devel-
opmental, medical, and family history, as well as cognitive
function, daily living skills, and capacity for autonomous
function. Temperament, social, emotional, psychosexual,
and moral functioning also need to be explored. Moreover,
these cognitive and behavioral profiles do not necessarily
remain static, but may change across the life cycle in both a
syndrome-specific and individual manner. For example,
children with fragile X syndrome may reach a cognitive
plateau in adolescence, whereas those with Williams syn-
drome start out with delayed language but then go on to
develop a remarkably rich vocabulary. Each child’s per-
sonal strengths and life experiences, physical health, and
their family and educational environment will also affect
how this basic pattern is manifested.

COGNITIVE AND ADAPTIVE MEASURES

Measurement of Intelligence

Intellectual functioning is measured by standardized tests
that yield an intelligence quotient (IQ). Intelligence tests
were originally developed to predict academic success and
measure general intelligence. However, they do not neces-
sarily provide much information about performance in
real-world situations.

Assessment of Adaptive Functioning

Adaptive functioning refers to an individual’s ability to per-
form tasks of daily living compared to others of the same
age and cultural group. It provides a real-life, practical mea-
sure of performance and a second source of information

about areas of competence and deficit. Without an assess-
ment of adaptive functioning, the diagnosis of mental re-
tardation is only provisional. What constitutes a significant
impairment in adaptive behavior has not yet been tightly
defined. The Vineland Adaptive Behavior Scales (VABS) (5)
and the AAMR Adaptive Behavior Scales (6–8), are com-
monly used instruments. The VABS is restricted to four do-
mains—communication, daily living skills, socialization,
and motor skills—not the entire spectrum of adaptive be-
haviors, and is of limited use in longitudinal studies be-
cause of the fluctuation of means and standard deviations
across age groups (9).

Epidemiology

From a purely statistical point of view, mental retardation
is defined by an arbitrary cut-off of two standard devia-
tions below the mean on a continuum of intelligence test
scores. In the Wechsler tests, which have a mean of 100
and a standard deviation of 15, the cutoff is 70. On the
Stanford-Binet, with a mean of 100 and a standard devia-
tion of 16, the cutoff is 68. When adaptive functioning cri-
teria are considered, the prevalence drops to the 1 to 1.5%
range (1, 10, 11). Depending on the specific criteria that
are used to determine special education services, 0.3 to
2.5% of school-aged children are defined as being men-
tally retarded.

Approximately 85% of the mentally retarded popula-
tion fall into the range of mild mental retardation, 10%
have moderate, 3 to 4% to have severe, and 1 to 2% have
profound mental retardation (1). Medical complications
and mortality increase with severity of mental retardation,
and contribute to the discrepancy between expected and
identified prevalence rates.
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TABLE 8.1
DSM-IV DIAGNOSTIC CRITERIA FOR MENTAL RETARDATION

a. Significantly subaverage intellectual functioning: an IQ of approximately 70 or below on an individually administered IQ test (for infants,
a clinical judgment of significantly subaverage intellectual functioning).

b. Concurrent deficits or impairments in present adaptive functioning (i.e., the person’s effectiveness in meeting the standards expected for
his or her age by his or her cultural group) in at least two of the following areas: communication, self-care, home living, social/interpersonal
skills, use of community resources, self-direction, functional academic skills, work, leisure, health, and safety.

c. The onset is before age 18 years.

Diagnostic Code Degree of Severity of MR IQ Level

317 Mild 50–55 to approximately 70
318.0 Moderate 35–40 to 50–55
318.1 Severe 20–25 to 35–40
318.2 Profound Below 20 or 25
319 Severity unspecified When there is strong presumption of MR but the person’s

intelligence is untestable by standard tests

Source: Reprinted from American Psychiatric Association: Diagnostic and Statistical Manual of Mental Disorders,
4th Edition. Washington, DC, American Psychiatric Association, 1994. Copyright 1994, American Psychiatric
Association. Used with permission.
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Psychiatric Assessment

Individuals with mental retardation are at high risk for psy-
chiatric disorders. The term dual diagnosis is used for indi-
viduals with mental retardation and comorbid mental
health disorders. Depending on the types of population
sampling strategies used, between 10 and 40% meet the cri-
teria for a dual diagnosis. (12)

Psychiatrists are often consulted to address an isolated
behavioral symptom, such as self-injurious behavior, ag-
gression, or destructiveness. These symptoms may arise
from any number of different interacting neurobiological
and environmental factors. Two pitfalls in the diagnosis of
patients with mental retardation are especially worth
mentioning. Diagnostic overshadowing refers to using the
diagnosis of mental retardation as an explanation for the
symptoms instead of applying more standard diagnostic
approaches. As a result, a symptom that would be diag-
nosed and treated in an individual of normal intelligence
is instead diagnosed and treated differently when it is
associated with mental retardation. (13–15). Diagnostic
presumption is a term coined by Sundheim to describe the
phenomenon of assuming that a specific psychiatric diag-
nosis applies to an individual with mental retardation
purely on the basis of its frequent association with the syn-
drome instead of systematically exploring the full range of
other diagnostic possibilities. For example, assuming that a
20-year-old individual with Down syndrome who has
increasing difficulty with day-to-day functioning is de-
mented, rather than exploring the possibility of a depres-
sive disorder.

Patients with mental retardation often have difficulty
verbalizing the reasons for their distress. Otitis, dental pain,
urinary tract infection, migraine headaches, or gastritis may
lead to irritability, aggressive, or self-injurious behavior.
Thus, in many cases it may be necessary to refer the patient
for a medical evaluation. Medical conditions, such as hy-
pothyroidism and epilepsy, are often associated with men-
tal retardation syndromes and appropriate treatment may
improve function. Adequate neuropsychiatric assessments
of patients with mental retardation are optimally served in
the context of a team of other physicians, educators, and
behavioral specialists (16). In light of the emerging syn-
dromal subtypes and their association with different psy-
chiatric and behavioral manifestations, genetic evaluation
is an essential part of diagnostic evaluation and treatment
planning.

Although most people with developmental disabilities
are able to communicate using words, it may be necessary
to modify the interview to work around the linguistic limi-
tations of the patient. Nonverbal individuals develop ways
of expressing themselves (sometimes the strategy used is
troublesome enough to be the reason for the referral!). In-
formation must be obtained from parents, caregivers, and
teachers about past and present functioning. When possi-
ble, direct, systematic observation of the individual in his

home or daytime environment can be extremely helpful for
understanding the circumstances involved in problematic
behaviors and the development of effective interventions.

Even for a patient who has difficulty communicating in
words, the mental status examination remains critical. The
nonverbal person may be able to utilize sign language, re-
spond to yes-no questions, or use a picture book to facili-
tate the interview. Subjective experience may be cautiously
inferred from facial expression and body language.

GENETIC AND NEUROPSYCHIATRIC
ASPECTS OF CERTAIN MENTAL
RETARDATION SYNDROMES

In the following sections, six common, well-studied genetic
mental retardation syndromes are reviewed, with the goal
of exploring the diversity of medical and neuropsychiatric
features associated with mental retardation.

Fragile X Syndrome

Epidemiology/Phenotype
Fragile X syndrome, the most common form of inherited
mental retardation, affects approximately 1 in 1,200 males
and 1 in 2,500 females. Males with fragile X are more
severely involved than females and have some phenotypic
features which become more apparent with age—an elon-
gated face, large mandible, long ears, head circumference �
50th percentile, hyperextensible metacarpophalangeal
joints, soft skin over the dorsum of the hands, a hallucal
crease, and enlarged testicles (not noted in children under
age 8 years). There is usually a family history of mental re-
tardation (17–20). However, these phenotypic features are
variable and do not reliably identify affected individuals.
They should not be used as the only basis for deciding to
conduct molecular DNA testing.

Genetics
In 1969, Lubs described a secondary constriction on the
long arm of the X chromosome and noted the relationship
between this anomaly and X-linked mental retardation
(21). However, this “fragile site” as it was called, is appar-
ent only when a folate-deficient culture medium is used
and it was not until the early 1980s that the critical role of
folate was appreciated (22). The fragile X mental retarda-
tion gene (FMR1) is located at Xq27.3 (23). Fragile X syn-
drome results from a large expansion (�200 repeats) of an
unstable CGG trinucleotide in the 5� untranslated region of
the FMR1 gene (24). In unaffected individuals, this repeat
is less than 50. A “transmitting” (carrier) male who is nor-
mal in appearance, has CGG repeats in the range of 50 to
200 (termed a “premutation”) which are transmitted to his
daughters with little change in size. However, the daugh-
ter’s children (both males and females) inherit CGG re-
peats that are significantly longer (ranging from 200 to over
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1,000). This coincides with the appearance of the clinical
phenotype (25). This large CGG repeat results in hyperme-
thylation of the promoter region with transcriptional sup-
pression of the FMR1 gene, in turn shutting down the
production of fragile X mental retardation protein (FMRP).
FMRP is widely expressed in neurons (26), with highest lev-
els of expression in the cholinergic cells in the nucleus
basalis and the hippocampus (27–29). FMRP is involved in
synaptic plasticity, and plays a role both in fetal brain de-
velopment and learning in the mature brain (30). Al-
though neurogenesis and neuronal migration are relatively
normal, there is disruption of the later “pruning” phase.
During normal brain development, the numerous, small
synapses distributed along long, thin dendritic spines un-
dergo a transition during pruning to fewer, larger synapses
on broader and shorter spines. The immature pattern is re-
tained in brains of individuals with fragile X as well as of
knockout mice lacking the FMR1 gene (31–34).

An intriguing finding is that there is a high level of FMRP
expression in the magnocellular layers of the lateral genic-
ulate nucleus in normal humans and monkeys, whereas a
loss of the normal laminar structure of the lateral genicu-
late was noted in a male with fragile X. Clear evidence of
magnocellular pathway pathology in fragile X was demon-
strated by motion-perception deficits without impairment
of function of the parvocellular pathway. The magnocellu-
lar pathway feeds into the dorsal visual stream/parietal
lobe system which integrates visuospatial and motor pro-
cessing, an area of significant weakness in individuals with
fragile X (35).

Medical and Neurological Disorders
About 28% of carrier females have premature ovarian fail-
ure, probably the result of decreased follicle number and
function, (36) with a risk of osteoporosis (37). Males with
premutations (CGG repeats �200) were long believed to
be unaffected. However, neuroimaging studies have re-
vealed clear differences in gray and white matter volumes
were relative to controls (38). Approximately a third of
male premutation carriers over the age of 50 develop frag-
ile X-associated tremor/ataxia syndrome (FXTAS), charac-
terized by cerebellar ataxia, intention tremor, cognitive
decline, peripheral neuropathy, lower-limb proximal mus-
cle weakness, and autonomic dysfunction (39, 40). Female
premutation carriers may develop a more subtle presenta-
tion but are not demented (41, 42). Diffuse eosinophilic
intranuclear inclusions are found in both neurons and as-
trocytes and MRI studies have revealed atrophic changes
(43, 44). Thus, when reviewing family history in a child in
which fragile X is considered a diagnostic possibility, it is
helpful to explore late-onset progressive motor dysfunction
in older relatives.

Dysregulation of hypothylamic/pituitary/adrenal axis
and neuroendocrine functions can be seen, with a blunted
response to thyrotropin releasing hormone (45). The exag-
gerated hormonal response to stress and elevated glucocor-

ticoid hormones under basal conditions described in fragile
X is relevant because of the difficulties affected individuals
manifest in managing stress and anxiety. Hessl et al. con-
ducted an in-home evaluation of a large group of children
with fragile X full mutation and their unaffected siblings.
Children with fragile X (in particular the boys), had higher
levels of salivary cortisol and increased cortisol was signifi-
cantly associated with behavior problems. Lauterborn also
demonstrated an exaggerated response to stress in FMR1
knock-out mice compared to wild-type mice (46).

Neurocognitive Profile
Intellectual ability in fragile X ranges from frank mental re-
tardation in males to bright normal intelligence in females.
In a study of 144 families neurocognitive status was signif-
icantly correlated with the amount of FMRP present. How-
ever, the genetic variance accounted for less than half of the
total variance in full scale IQ (47).

There is evidence of a decline in IQ in fragile X which be-
comes apparent during early puberty (48–56). Young boys
with the full mutation typically have IQs in the borderline-
to-mild mental retardation range, whereas the IQs of adult
males fell in the moderate-to-severe range (57, 58). The de-
cline in IQ is correlated with the methylation status of
FMR1 (with a resulting decrease in FMRP) (56, 59–61).
Even male premutation carriers have significant deficits in
executive function and memory compared to controls (62).

Although the cognitive profile of women with full
expression of fragile X syndrome is similar to that of males
(58, 63–68), there are significant enough differences to war-
rant treating them separately in the following discussion.

Males with the Full Fragile X Mutation

Language
Although language is a relative strength in boys with fragile
X, their linguistic age ends up being roughly equivalent to
that of a 4-year-old (69, 70). In fact, fragile X should be a
diagnostic consideration in any preschool child with de-
layed language (71). Receptive language lags behind ex-
pressive language (72). Adolescent and adult males with
fragile X have a characteristic rapid, perseverative, jocular,
tangential, “cluttered,” and echolalic speech (64, 73–76). It
may be a way of managing social anxiety (77) or allowing
more time to process verbal information.

Psychiatric and Behavioral Features in Males
Fragile X has been reported to be associated with a broad
range of psychiatric disorders. Schizotypal features are
prominent enough to warrant molecular testing even
in males with relatively normal IQs (78). In adults,
dysthymia, abusive verbal behaviors, and antisocial per-
sonality disorder behaviors have been reported (79). Self-
injurious behaviors, usually restricted to hand- or finger-
biting, occur in 58% of boys with fragile X (80). These
behaviors appear before age 3 years and are triggered by
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changes in routine or when the child is asked to perform
a difficult task. Selective mutism (81), social phobia (82),
Tourette syndrome, and OCD have been reported (83,
84). Hagerman (65) suggests that complex stereotypies
are only vaguely differentiated from motor tics and that
the bursts of pressured speech represent complex vocal
tics, which increase with anxiety.

Hyperactivity is common in fragile X syndrome, and al-
though prominent in early childhood (69, 85), it is also
present in adolescents and adults in somewhat diminished
form (58, 86–89). There is a high level of sensitivity to sen-
sory stimuli, often labeled “tactile defensiveness” which
can be quite impairing (90). Young males with fragile X
have deficits in prepulse inhibition (an indicator of
impaired sensory gating in rodents), which is strongly as-
sociated with intellectual deficits, impaired attention and
adaptive skills as well as autistic behaviors (91). Curiously,
FMR1 knock-out mice show enhanced prepulse inhibition
which would suggest a different compensatory mechanism
in that species.

In the 1980s, a series of papers appeared that drew at-
tention to the similarities between fragile X syndrome and
autistic disorder (69, 73, 92–98). The atypical social inter-
actions, stereotypies, hypersensitivity and bizarre responses
to sound and other sensory stimuli, self-injurious behav-
iors, smelling of nonfood objects are all strongly reminis-
cent of autism spectrum disorders. Moreover, depending
on the sample, up to 16% of males with autism manifest
the fragile site (99). Autism is more prevalent in males
(6.5%) than in females with fragile X (4%) (65).

Current information suggests that individuals with frag-
ile X and autistic-spectrum behaviors represent a distinct
subgroup. Autistic behaviors were significant predictors of
slower development (100, 101), greater cognitive, adap-
tive, and social impairment (102), and increased age-
related cognitive decline (60). Autistic behaviors occur
more frequently in individuals with the full mutation
(103), although Bailey et al. were unable to demonstrate a
relationship between autistic behavior and the level of
FMRP expression (100). On the other hand, children with-
out autistic features and higher levels of FMRP expression
features also demonstrated higher levels of adaptive behav-
iors (104).

The diagnosis of autistic disorder in individuals with
fragile X must be approached cautiously because many of
the “autistic” behaviors are qualitatively quite different.
The social indifference that is the hallmark of autism is not
seen in boys with fragile X: they are aware of the feelings of
others and capable of reciprocal interactions, and their so-
cial skills improve with maturation (95, 105, 106). Men
with fragile X are more likely to achieve adaptive functional
levels commensurate with IQ than those with nonspecific
mental retardation or autism (107). Males with fragile X
syndrome are shy, socially awkward, anxious, and have a
characteristic approach-withdrawal interactive style with
an invariant set of mannerisms (108, 109). They have

peculiar greeting behaviors (such as looking away
and making repetitive, out-of-context comments while also
putting out a hand to shake) (92, 93, 110, 111, Cohen,
1991 #2395;Hatton, 2002 #5108;Merenstein, 1996
#7757;Wolff, 1989 #12464;). This “go away closer” quality
is quite perplexing to those who are interacting with them.
In social contexts their speech is more perseverative and
less echolalic than observed in autism (112). These stereo-
typical utterances may serve to increase processing time
(105, 113).

The neurobiological factors underlying gaze avoidance
in fragile X also appear different from those involved in
autistic disorder. Gaze avoidance in autistic disorder has
been attributed to attentional factors or an inability to in-
tegrate eye contact into social interactions (94, 105). Indi-
viduals with autism appear to be indifferent and unaware
of gaze but do not find it aversive, whereas individuals with
fragile X are highly aware of gaze but disturbed by it (93).
As discussed below, individuals with fragile X appear to
have atypical activation neural activation patterns in re-
gions subserving face and gaze-processing.

Females With the Fragile X Gene
Although once believed to be unaffected, fragile X carriers
also manifest the somatic and neurobehavioral features of
the disorder, albeit in attenuated form (114–116). The IQ
of female fragile X carriers typically falls in the normal to
mildly mentally retarded range, and there is a gradient of
severity, with those with the full FMR1 mutation having
greater cognitive deficits than those with the premutation.
Women with the premutation did not differ from sibling
controls (117). The verbal IQ is higher than the perfor-
mance IQ. Subtests that are usually impaired include the
Arithmetic, Digit Span, Block Design, and Object Assembly
subtests (55). Short-term memory deficits, visual memory
deficits, and impaired prefrontal executive function are typ-
ically seen (118–121). Girls with fragile X are often diag-
nosed as learning disabled. The typical academic profile of
women with fragile X is characterized by relative strengths
in reading and spelling and weakness in arithmetic (122).

Despite their relative strength in language, and even in
the presence of average- to above-average intelligence,
women with fragile X manifest deficiencies in expressive
language and have conceptual disorganization with un-
usual thought content. This is accompanied by deficits in
the expression and modulation of affect. Stereotypes are of-
ten observed. Compared to controls, they are more prone to
schizophrenia-spectrum diagnoses, in particular schizotypy
(115, 123). They are also more likely to have a diagnosis of
avoidant disorder, mood disorder, as well as greater impair-
ment in social interactions than controls (124–126). Mood
disorders occur in 40% of the women with the premutation
and are three times more common than in the control
groups. Women with fragile X are shy, socially anxious and
avoidant (127). They are often quite disorganized, inatten-
tive, distractible, and impulsive (121, 125, 126, 128, 129).
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Keysor and colleagues (130) noted a heightened level of
baseline physiological arousal in 12- to 22-year-old girls
with the full mutation. The length of the CGG repeat (there-
fore a lower level of FMRP) and inheritance of the gene from
the mothers are associated with increased severity of psy-
chiatric symptoms (75, 123, 125, 131). The cognitive and
neuropsychiatric profile presented by women with fragile X
is similar to that of nonverbal learning disability (125).

Neuroimaging Studies
In some ways, brains of children with fragile X are not dif-
ferent from brains in normally developing children. There
is no significant difference in total cerebral volume in frag-
ile X and it remains relatively stable after the age of 5 years.
As in normal subjects, males have larger total cerebral vol-
umes than females, with larger gray matter volumes in the
male accounting for the difference, and there is the normal
pattern of a decrease in gray matter volume with age, with
an increase in white matter volume (132–134). However,
there is evidence of disruption of the frontal and parietal
white matter pathways in females with fragile X compared
to controls (135).

Interestingly, the age-related decrease in gray matter vol-
umes in boys with fragile X is slower than that in affected
girls (136). In normal populations, total cerebral volume
(specifically prefrontal and subcortical gray matter) explain
20% of the variance in IQ) (134, 137). However, although
there was a highly significant difference in IQ scores be-
tween fragile X males and females (mean full scale IQ 85 �
18 for females versus 54 � 15 for males), there was no evi-
dence of a relationship between gray matter volumes and
IQ, even after correcting for total brain volume difference.
The volume of the lateral ventricles is increased and is also
correlated with IQ. An atypical pattern of hemispheric
asymmetry was noted, with larger right-sided cortical gray
matter volumes (132)

Significant regional morphometric differences between
individuals with fragile X and normal individuals have
been noted in several studies. The cerebellar vermis is
smaller in fragile X (males more so than in females) com-
pared to both normal controls and other subjects with de-
velopmental disabilities. This reduction in size appears be
due to a failure of normal brain growth rather than atrophy
(138, 139). The growth impairment is particularly promi-
nent in cerebellar lobules VI and VII and correlates with
lower IQ (140) as well as increased stereotypy (126). An
age-related increase in hippocampal volume is observed in
the fragile X group by some investigators (136, 141) but
not by others (118). Interestingly, FMRP is highly ex-
pressed in both the cerebellum and hippocampus and
further research is required to understand this differential
effect (26, 29). A decrease in size of the superior temporal
gyrus, also age-related, has been reported (136). Sub-
cortical structures have been reported to be enlarged, pos-
sibly as a result of increased dendritic density (142). En-
largement of the thalamus was also observed in females.

The caudate nucleus is enlarged in males and is correlated
with methylation status and IQ (143), in contrast to the de-
crease in size observed in normally-developing children
(144).

Although previously thought to be unaffected, adult
males with premutations also manifest significant reduc-
tion in grey and white matter voxel densities across a broad
range of cerebral structures. These reductions were corre-
lated with increased CGG repeat size and decreased percent
of FMRP positive lymphocytes (38).

Functional neuroimaging studies, largely restricted to fe-
males with fragile X, are particularly instructive as they not
only provide valuable information about the recruitment
of prefrontal cortex in the performance of difficult tasks,
but also demonstrate that women with fragile X have par-
ticular difficulty with this process compared to controls.
Highly relevant to these studies is the concept of deactiva-
tion (that is the control or baseline condition minus the
cognitive task condition, which is the opposite of activa-
tion, cognitive task condition minus baseline). Deactiva-
tion may be viewed as the suspension or inhibition of on-
going background neuronal activity in specific brain
regions during the performance of tasks requiring increased
cognitive activity (145). A number of studies have demon-
strated that women with fragile X differ from control
groups not only in activation patterns but also in their in-
ability to deactivate or turn off this ongoing background
activity and impairment in performance is correlated with
diminished FMRP levels. Thus, anomalous activation and
inactivation MRI patterns were noted in fragile X females
and controls while they performed a STROOP interference
task (146). In an arithmetic task with two levels of diffi-
culty, women with fragile X showed less activation and did
not increase activation in response to greater task difficulty
in contrast to the controls. FMRP expression was positively
correlated with activation of a number of frontoparietal
structures. (147).

In an fMRI Go–No Go study, the accuracy and reaction
time of females with fragile X did not differ significantly
from that of the controls, despite a lower mean IQ score.
However, FMRP expression was positively correlated with
activation in a number of areas, including the hippocam-
pus, cerebellum, and frontostriatal regions. Controls man-
ifested an increased level of activation in prefrontal ventro-
medial cortex area during the baseline “Go” task compared
to the “No Go” task. A markedly different pattern was
noted in the women with fragile X (148).

In an fMRI study examining visuospatial working mem-
ory in females with fragile X (149), similar anomalies in the
activation and deactivation patterns were noted in compar-
ison to controls. Although they were able to perform the
simple version in a manner similar to the controls, on the
difficult task, the performance of the fragile X females dete-
riorated significantly and they activated a number of pre-
frontal areas, suggesting that they were unable to recruit
neural areas in a coherent manner on the more difficult
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task. The lack of FMRP may impair the transcriptional ma-
chinery required for rapid protein synthesis of protein in
synapses, which underlies learning. In a study of visual
memory encoding (150), girls with fragile X showed signif-
icantly less activation in the hippocampus and the basal
forebrain.

In a study examining accuracy in identifying the direc-
tion of facial gaze, females with fragile X syndrome were
less accurate and did not manifest enhanced left superior
temporal sulcus, or the differential activation in the
fusiform gyrus in response to forward faces relative to an-
gled faces, as was seen in controls (151). This study pro-
vides a somewhat different perspective on the issue of gaze
aversion in individuals with fragile X. It would suggest that
there is an underlying impairment in the neural systems for
processing faces and direction of gaze.

Management
One of the “take home” messages in this section about frag-
ile X is that when a child comes for psychiatric evaluation
and treatment, it is unusual to have just one affected indi-
vidual in the family. It is likely that management of the
child will need to take into consideration the neurocogni-
tive status of the parents. It is also apparent that there is a
broad range of variability in the cognitive and neuropsy-
chiatric features so that a careful assessment of the child is
indicated. This assessment should include evaluation of the
child’s temperament, ability to interact in social situations,
and function in school.

Individual assessment of temperament, and functional
analysis with subsequent parent counseling and environ-
mental modification is an important first step that can help
delay the use of medications very early in life (152–154). A
careful initial evaluation will provide the basis for a treat-
ment plan, which may include appropriate psychopharma-
cology. In some cases, sensorimotor integration therapy
may be helpful in managing the high arousal level (155),
and cognitive behavioral therapy may be useful in selected
cases (81, 156–158, Sundheim, unpublished data). Assist-
ing the parents in finding an appropriate school setting and
anticipating the type of educational difficulties that the
child is likely to encounter (poor grasp of arithmetic and
difficulty making inferences) will be beneficial. Providing
structured, supportive settings for learning socially appro-
priate behaviors is helpful. Parents benefit from counseling
regarding the longterm outcome and assistance in locating
vocational training opportunities tailored to their child’s
abilities. Some patients will require considerable structure
and support to function adequately, whereas others will be
able to manage with relative independence.

Future Avenues in Treatment
Learning and memory are regulated by a delicate balance be-
tween the creation functional and stable synapses and the
elimination of redundant synapses. There is a considerable
body of research which supports the role of long term

potentiation (LTP) in establishing and maintaining such
functional synaptic connections, whereas long term depres-
sion (LTD) is one of the processes involved in the pruning of
non-functional connections. There are several different path-
ways leading to LTD. One pathway involves the activation of
group 1 metabotropic glutamate receptors (Gp1 mGluRs) by
mGluR agonists which in turn results in the translation of
preexisting mRNA in the postsynaptic neuron leading to a
rapid increase in dendritic protein synthesis (158a), as well
as the rapid (and, importantly, irreversible) loss of both
AMPA and NMDA receptors from synapses, a putative an-
tecedent of synaptic elimination (158b). Importantly, the
activation of Gp1 mGluRs also stimulates the synaptic syn-
thesis of FMRP. One might expect that in fragile X syndrome,
the absence of FMRP at the synapse would result in a de-
crease in protein-synthesis dependent LTD. Surprisingly, in
the Fmr1 knockout mouse model, LTD is enhanced rather
than diminished (158c). This finding makes sense in the
context of research that shows that FMRP is a translational
repressor—part of the RNA-induced silencing complex
(RISC) that mediates the degradation of mRNAs and stops
transcription (158d). These findings have led Bear et al. to
propose that the neuropsychiatric profile of fragile X is the
result of a failure of FMRP to silence synthesis of specific pro-
teins at an appropriate developmental stage with an ensuing
pathological exaggeration of LTD (158e). Thus, at a time
when the developing brain should be generating and
strengthening synaptic connections, the fragile X brain is
slowing and eliminating synaptic connections with a pre-
dictable and devastating impact on learning and memory.
Anatomically, the anomalous long, thin dendritic spines
seen in fragile X brains would fit with this model. This opens
an exciting therapeutic possibility, namely that Gp1 mGluR
antagonists may serve to treat or mitigate the symptoms ob-
served in fragile X. These agents (one of which is lithium)
have been used in mouse and drosophila models of fragile X
and have materially decreased the pathological behaviors
seen in these mutant animals (158f; 158g). These mGluR
antagonists are being actively investigated because of their
role in the treatment of other neuropsychiatric disorders—
anxiety, addictive and bipolar disorders. The challenge here
will be to select an appropriate time window as LTD induced
by mGluR functions differently at different phases of devel-
opment (158h). Moreover, the mechanisms of LTP and LTD
vary depending on brain region and function. 

Down Syndrome

Down syndrome (DS)(trisomy 21) is the most common
genetic mental retardation syndrome, occurring in 1 in 660
live births (159). Very young mothers and those over age
40 years are at increased risk of having a child with DS (the
risk increases to 1 per 50 live births over age 40).

The individual with DS is short and has a small, brachy-
cephalic head. Atypical facial features include hy-
potelorism, midface hypoplasia, epicanthal folds, uptilted
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palpebral fissures, small ears, an enlarged tongue, and a
high-arched palate. Hands are broad with short fingers and
an incurved fifth finger. They are hypotonic, with hyperex-
tensible joints. DS is associated with serious congenital
anomalies of the heart and gut, both congenital and ac-
quired thyroid disease, and a 19-fold increase in risk of
acute leukemia (160, 161). Children with DS are at in-
creased risk for celiac disease (162). Epilepsy occurs in
about 8% of children with DS; with close to a third having
infantile spasms of infancy (163, 164).

Genetics
Trisomy (three copies of chromosome 21) occurs in 95% of
individuals with DS. About 5% have a translocation (165,
166). Two to 4% of cases are mosaics (167). The DS critical
region has been mapped to a 5 Mb area on chromosome
21(168–172). Some genes are overexpressed, such as
C21orf2, synaptojanin, and the Minibrain (Mng) gene
(183, 184, 185). Others are unchanged, and some, such
as HACS1, a signaling pathway mediator, are under-
expressed. As a result, there is a dysregulation and “misex-
pression” in the balance of protein products (173–185).
Many of the dysregulated genes play important roles in
neuronal function and connectivity. At 19 gestational
weeks samples of fetal cortex from patients with DS re-
vealed significant reduction in proteins associated with
synaptogenesis and dendritic tree arborization (186). Ex-
amination of DS fetal brains also reveals marked reduction
of protein products associated with genes on other chro-
mosomes (179).

Neuroanatomical Aspects
Brain weight is reduced to about 76% of normal, al-
though in some studies, the cerebellum and brain stem
are disproportionately small (187–189). The convolu-
tional pattern is simple, with a narrow superior temporal
gyrus and gaping insula. Frontal cortex, anterior corpus
callosum, and limbic structures (uncus, amygdala, hip-
pocampus, and parahippocampal gyrus) are dispropor-
tionately reduced in volume, with relative sparing of the
parietal cortex (190, 191). The amount of gray matter is
proportional to the volume of the cerebrum (192). How-
ever, thalamus, putamen and globus pallidus, but not
caudate are increased in size compared to normal controls
(190, 192, 193).

Brain Development
Given the fact that several of the genes essential for nor-
mal brain development are disrupted in DS, one would
expect to see anomalies in the earliest stages of brain de-
velopment. Surprisingly, evidence of abnormal brain
growth is apparent, albeit relatively subtly, only around
the 22nd gestational week (194, 195). Despite the fact that
in the DS mouse, there is evidence that the normal se-
quence of neuronal migration is disrupted (196) the DS
brain is not particularly aberrant at birth. Dendritic differ-

entiation in infants with DS at 21⁄2 months is similar to
that of controls (197), but there is a 20–50% decrease in
neuronal density with maturation (189, 195, 198, 199).
Myelination is delayed, particularly fibers linking frontal
and temporal cortices as well as U-fibers, and particularly
in infants who had congenital heart lesions (200). Decel-
eration in brain growth and emergence of the characteris-
tic foreshortening of the DS brain becomes apparent by 6
months of age (195).

The dendritic and synaptic structure within the DS brain
is quite anomalous (200). Dendritic arborization is cur-
tailed and there is a decline in the number of dendritic
spines with age (201, 202). In a mouse model of DS, den-
dritic spines and synaptic boutons are markedly enlarged
with abnormal internal membranes. There are shifts in the
pattern of spine density and inhibitory inputs (203).

Neurocognitive Profile
Forty-five years ago, the developmental picture for children
with DS was bleak, and institutionalization was recom-
mended. Today, it is not uncommon for individuals with
DS to be married, live and work independently, raise chil-
dren, and even attend college (204). Several young persons
have been able to pursue careers as television actors. In
1976 the average IQ of persons with trisomy 21 was 52,
and the average for the mosaic DS subject was 67. It is now
recognized that the IQ can extend into the normal range
(205). A trend to higher academic achievement scores from
1986 to 2000 has also been documented (206).

This shift toward higher functional ability reflects two
major factors: First, birth defects and medical conditions
are now treated early and effectively. Second, the discour-
aging prognoses have been replaced by much more positive
attitudes, now infant stimulation programs and educa-
tional mainstreaming are the norm (189).

Children with DS are at risk for decreased visual acuity
as well as hearing impairment, secondary to anomalies of
the external auditory canal, and otitis media (207, 208).
These preventable sensory impairments interfere with nor-
mal development and the child benefits immensely from
early evaluation and treatment.

Children with DS typically manifest relatively rapid ac-
quisition of skill in early childhood (albeit at a slower rate
than normally developing peers), but the developmental
pattern is asynchronous and skills are not consolidated, so
that a plateau occurs at different points in different cogni-
tive domains (209).

Overall, children with DS are weak in language and have
somewhat greater strengths in processing visuospatial in-
formation. They acquire language at a slower rate than their
normally developing peers (210). Adolescents with DS
continue to manifest impoverished vocabulary and gram-
mar, word meanings, appropriate contextual use, and syn-
tax (211, 212). Working memory is impaired in these
children and is associated with acquisition of receptive
vocabulary. As a group, children with DS have a better

158 Section II: Neuropsychiatric Aspects of Psychiatric and Behavioral Disorders of Children and Adolescents

75191_ch08.qxd  9/13/05  23:34  Page 158



understanding of word meanings than their grasp of gram-
mar and syntax and their comprehension is better than
expression (213–216). Their narratives are wordy and
complex and lack cohesion (217). A well-designed longitu-
dinal study has shown that teenagers continue to acquire
receptive vocabulary (albeit at about half the rate of normal
peers), but comprehension of grammar begins to plateau
in early adolescence (218). Comprehension at the initial
evaluation and the rate of growth in comprehension pro-
vided the best predictors of expressive language (219).

Despite the expressive language delays, children with DS
use gestural communication effectively and to the same ex-
tent as peers matched for mental age, although like other
areas of development, they acquire gestures at a slower rate
than normally developing children (205, 220, 221).

Visuospatial function is a relative strength in children
with DS. Performance on visuospatial tasks continues to
improve in adolescence, whereas several aspects of lan-
guage acquisition either plateau or decline (218). Com-
pared to children with Williams syndrome, children with
DS perform better on visuospatial short-term memory
tasks, even though they are impaired in auditory working
memory (222). The deficits in working memory (due to
limited storage capacity) and grammar would suggest that
prefrontal functions are mainly compromised (223). Chil-
dren with Williams syndrome have great difficulty with
global processing, whereas those with DS grasp the gestalt
more readily than the details (i.e., they see the “forest” but
not the “trees”) (212, 224).

Social-Emotional Development
Children with DS are described as having pleasant, easy-
going personalities. However, there are two developmental
features of young children with DS which may hinder
social interactions with parents and social development.
First, children with DS appear to make little effort to learn
new skills, and fail to consolidate and use skills already ac-
quired (225, 226). Their decreased engagement in a task
may reflect attentional and intentional deficits (227). In-
fants with DS appear to have difficulty shifting attention
from one target to another (228) and persisting in contin-
uous goal-directed exploratory behavior (227). These at-
tentional features may reflect an early manifestation of
prefrontal dysfunction in infants with DS. Children with
DS respond empathetically to facial emotional signals and
gestures of distress but in tasks which involved processing
of more abstract information about emotional states of
others, their performance began to plateau at age 4 years
(229, 230). This is somewhat unexpected, given the appar-
ent sociability of these children and their relative strengths
processing visuospatial information (212). Nonetheless,
children with DS have considerable awareness of their so-
cial environment. Preverbal children with DS vary gestural
patterns depending on social context. Patterns of visual
checking also vary with the social context (more social
checking occurs with a peer).

Symbolic play does not appear to be particularly delayed
in children with DS (231). Although they may engage in
more play acts than their normally developing peers, they
are less likely to request objects or assistance (231, 232).

Academic
Children with DS can decode single words but have diffi-
culty comprehending what they have read (233). They have
difficulty grasping mathematical concepts, lack a well-
developed number concept and have difficulty applying
their mathematical knowledge to novel problems (205,
234).

Brain Function in DS
Functional neuroimaging studies on healthy, non-demented
adults with DS have demonstrated elevated global cerebral
glucose metabolism (235), particularly in inferior temporal/
entorhinal cortex (236), and functional disruption of neural
circuits involved in attentional processing (237). Several
studies have described age-related decreases in regional gray
matter of temporal lobe structures in nondemented adults
with Down’s syndrome. Amygdala and hippocampal vol-
umes were positively correlated with memory measures
(193, 238). Neuroimaging studies in nondemented adults
with DS indicate that there are progressive changes in the
structure and function of various areas of the brain before
the appearance of clinical evidence of dementia.

Neuropsychiatric Disorders
The overall incidence of psychiatric disorders in children,
adolescents, and adults with DS is around 20% (239–244).
The pattern of psychiatric disorders shifts with age. Exter-
nalizing behaviors—ADHD, oppositional defiant disorder,
conduct disorder, and aggression—are prominent in the
school age child. Adolescents and young adults manifest
more internalizing behaviors—withdrawal, shyness, im-
paired self-confidence. Depression is very common in
older adolescents and adults with DS and should be con-
sidered before attributing a functional decline to dementia
(245–248). It can lead to potentially lethal suicidal behav-
ior (249). Obsessional slowness has been reported in indi-
viduals with DS who can spend hours performing daily
routines (250). Anorexia nervosa is not unusual in DS
(251–254) and has been reported in association with ob-
sessive-compulsive disorder and depression (255). Other
anxiety disorders, phobias, autistic disorder, stereotypy,
and self-injurious behaviors are relatively rare. Dementia of
the Alzheimer’s type appears as early as age 40 and 77% re-
ceive the diagnosis after the age of 60 years.

Management
The neuropsychiatric management of patients with DS de-
pends in part on the age of the patient. Counseling the par-
ents of young children with DS can provide support while
they struggle with any of the early medical complications.
They need encouragement to provide early social and
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developmental stimulation. Wishart recommends that par-
ents and teachers focus on consolidation of existing skills
and on dealing with the child’s tendency to avoid chal-
lenging tasks (which may compromise performance on
cognitive assessments) (226). There are multiple treatable
etiologies for neuropsychiatric symptoms in DS patients
that are unrelated to dementia (e.g., hypothyroidism).

Williams Syndrome

Williams syndrome (WS) occurs in 1 per 25,000 to 1 per
50,000 live births. Individuals with WS are short (256)
have a characteristic “elfin” facial appearance—a depressed
nasal bridge with anteverted nares, medial eyebrow
flare, stellate irides, small, low-set ears with prominent
lobes, thick lips with a wide mouth, and curly hair. The
voice is low-pitched, hoarse, and metallic (257–261).
There is an exaggerated lumbar lordosis with flexion at the
knees and hips (262, 263). Infants with WS are often of low
birth weight and gain weight slowly. They are constipated,
irritable, and overreactive to noises (264). Hypercalcemia,
usually mild, occurs in the neonatal period and resolves
spontaneously by age 2 years (265).

Neurological examination reveals esotropia (266), hy-
potonia, cerebellar signs and corticospinal tract signs as
well as a higher incidence of left-handedness than in the
general population (211).

Recurrent otitis media occurs in over 60% of children
with WS (267), with the associated risk of a conductive
hearing loss. Decreased visual acuity and strabismus occur
frequently (268). Serious cardiac and vascular problems are
associated with WS. In one series, 59% of children and
adults with WS had a structural heart defect (supravalvular
aortic stenosis, pulmonic artery stenosis, coarctation of the
aorta, and cardiomyopathy) or vascular disease (va-
sospasm and stenoses resulting in stroke) (269). The vas-
cular problems are the result of a deficiency of elastin in
vessel walls (270). Thus, individuals with WS are at high
risk for cerebral infarction at a young age (271). Hyperten-
sion occurs in about 50% of individuals with WS, likely sec-
ondary to the generalized arteriopathy discussed above,
and increases the risk of stroke (274).

Genetics
The WS critical region is composed of some 30 genes at
7q11.23. Over 99% of the DNA sequence of human chro-
mosome 7 has now been identified and the orthologous se-
quences on mouse chromosome 5G have also been mapped
with high accuracy (275). Identifying the genes responsible
for WS challenges conventional mapping techniques be-
cause of the high density of repetitive sequences and the
large (�300 kb) duplicated DNA sequences, which are
nearly identical and vary from individual to individual
(276). These result from the misalignment and crossing over
of these low-copy repeat sequences which flank the WS crit-
ical region, and lead to chromosomal instability. Identifying

the genes responsible for the cognitive and behavioral fea-
tures of WS phenotype has been particularly challenging. A
number of different reports describing rare individuals with
small deletions and only some of the somatic and cognitive
phenotypic features characteristic of WS have appeared but
definitive information is not yet available (277–279).

Many of the vascular features of WS results from hap-
loinsufficiency of the elastin gene (ELN) (280–285). The
decreased production of elastin alters the structure and
mechanical properties of arterial walls (286). LIM kinase-
1 has been considered a candidate gene for the cognitive
deficits seen in WS (279, 285, 287, 288). It is a compo-
nent of an intracellular signaling pathway, which regulates
neuronal cytoskeleton, synapses and apoptosis through
formation of actin fibers (289–291). LIM kinase-1 is ex-
pressed in fetal development, including neuronal differ-
entiation of hippocampal progenitor cells (292, 293). It is
also involved in hippocampal long-term potentiation
(LTP), which is critical to memory formation (294). LIM
kinase-1 knockout mice exhibit significant abnormalities
in spine morphology, synaptic function, including hip-
pocampal long-term potentiation and show altered fear
response and spatial learning (295, 296).

Other candidate genes include those in the general
transcriptions factor family, which are widely expressed
throughout the brain during fetal brain development
(297) and maybe related to mental retardation (279).
Syntaxin 1A (STIX) and the gene for the human homo-
logue of the Drosophila gene “frizzled”, FZD9, were con-
sidered potential candidates but some patients with the
classical WS phenotype have small deletions which spare
these loci (298–302).

Neurocognitive Profile
The IQ of most individuals with WS falls in the mild to mod-
erate range of mental retardation (mean of 55; range 40 to
90) and remains stable across the lifespan (303, 304). Thus,
the clinician can expect to encounter considerable variabil-
ity in cognitive functioning among patients with WS.

There are several fascinating aspects of the neurocogni-
tive profile of WS. As these children develop, an uneven
cognitive profile emerges, characterized by relative strength
in language, impaired visuospatial abilities, and a strong
drive to engage in social interactions. In the preschool
years, expressive language, and motor skills are often de-
layed. By school-age, the child with WS appears fluent and
articulate, if not “verbose and pseudo-mature” (305). By
the time that they are adolescents, children with WS have
large, sophisticated vocabularies, consisting of unusual
words. To give the flavor of these remarkable linguistic abil-
ities of some individuals with WS, the following quote (the
response of one of Dr. Bellugi’s patients when asked what
he would want other people to know about WS) is cited:

It is what you’re born with, it is what you have to accept,
and it is something that you go on day to day, year to year,
month to month with. And no matter how people treat
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people with Williams syndrome, you always have to stand
tall and ignore the things that are said because they are, they
don’t understand the things that we go through every day
that we wake up. We should be treated the same way some-
body else should be treated. Even when times are bad we
still try to shine a light upon other people, and to give that
sense of glow to our friends . . . You have to accept things
you cannot change. (306).

The language in WS has been a focus of considerable inter-
est for linguists, as it is relevant to theories of the neural
representations of language. Despite the relatively strong
vocabulary of individuals with WS (albeit below that of
controls) the way they organize their lexical information
differs from that of normally developing individuals.
(307–311). They use unusual low-frequency words both in
spontaneous speech and when performing verbal semantic
fluency tasks (e.g., words such as “brontosaurus” and
“yak”) (211). Words are also used by individuals with WS
in unusual ways; for example, “I have to evacuate the
glass,” a phrase uttered by a girl with WS as she emptied a
glass of water (210, p. 13). The WS profile has been the sub-
ject of considerable controversy. Bellugi maintains that in-
dividuals with WS have intact morphosyntactic rule and
grammar systems and a deviant lexicosemantic system
(307, 312), whereas others believe that the morphosyntac-
tic abilities are in fact impaired (313). Clahsen has reported
that individuals with WS performed as well as controls
when inflecting regular forms but had difficulty on irregu-
lar forms, applying regular inflection forms to the irregular
verbs; (for example, ring→ringed (314). Based on the as-
sumption that regular inflections are computationally-
based and irregular inflections are lexically-based and
stored in longterm memory, the investigators concluded
that these children understand the rule-based systems of
language (and thus are quite good in terms of managing
regular syntax) but have difficulty with the items requiring
access to the associative memory (lexical) system, required
for manipulation of irregular forms. Cross-linguistic stud-
ies have tended to support this view (309).

Working memory is a relative strength in WS (mean
digit span 4.6), (222, 309). Subjects with WS who had
good working memory showed particular strength in pro-
ducing irregular grammatical forms. Working memory was
also associated with use of low-frequency words, suggesting
that children with WS rely on phonological working mem-
ory to a much greater degree than normal children in the
process of learning language. It would also explain their
deficits in manipulating irregular syntax (315).

In comparison to relative strength in working memory
which persists into adulthood, most individuals with WS
have deficient episodic memory, particularly in the visu-
ospatial domain, which becomes increasingly impaired as
they age (222, 305, 307, 316–318).

Performance on visuospatial, graphomotor, and con-
structional tasks are significantly impaired in individuals
with WS (312, 319–321). Children with WS have difficulty

integrating visual features into a global configuration—
they see “the trees” rather than “the forest” (210, 211, 224).
Drawings lack coherence and spatial orientation, perspec-
tive or depth, consisting of parts of objects scattered across
the page. These deficits are not secondary to either fine mo-
tor or vision impairment per se (268, 322). Rather, the
deficit involves the integration of visuospatial information
and motor programming, thus implicating the dorsal pari-
etal and frontoparietal functions (323).

Although verbal mediation can be used to compensate
for these deficits, language describing spatial relationships
is also impaired in individuals with WS (210, 324). They
have difficulty understanding terms describing spatial rela-
tionships, in contrast to their relative strength in other con-
ceptual areas (325).

Some individuals with WS have been reported to have a
higher frequency of perfect pitch (1 per 20) compared to
the general population (1 per 10,000) (326, 327).

Hypersociability
The hypersociability of individuals with WS is a distinctive
attribute. Babies with WS will stare intensely at faces for
long periods of time (328). They tolerate brief separations
from their mothers with few manifestations of distress
(329). Older children with WS approach strangers in a fear-
less manner and engage them in conversation, a trait which
is particularly concerning to mothers of adolescent girls
(277, 329).

In story-telling tasks, children with WS demonstrated a
remarkable ability to engage their audience. They changed
their voices and used exaggerated prosody to enhance the
story, provided interpretations of the mental states of the
characters in the stories, and employed “audience hookers”
(e.g., “Guess what happened next?” “What do you know?”
and “Lo and behold, the frog was gone!”). These devices
were utilized to a much greater extent than normal con-
trols. Similar behaviors were noted in the course of a semi-
structured interview (329).

The performance of persons with WS on Theory of Mind
tasks (i.e., the ability to make inferences about another in-
dividual’s perspectives and motivations) is again uneven.
Older children and young adults with WS were able to
make appropriate inferences about the intention of others
at a level comparable to that seen in normally developing
controls. They were able to deal with more difficult tasks,
such as the interpretation of sarcasm, and 44% passed
second-order knowledge questions, but some had difficulty
discriminating lies from jokes (330).

However, despite their apparent sociability, children
and adults with WS are not very successful in developing
and keeping friendships (331). They typically relate to
adults better than to peers (329, 332).

Although some aspects of the WS profile resemble that
of individuals with nonverbal learning disorder or right-
hemisphere dysfunction, individuals with WS are more
attuned to the emotional state of others and more able to
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describe their own emotions in detail. They lack the
prosodic flatness that is often seen in persons with right
hemisphere dysfunction. Their performance on the Facial
Recognition and Noncanonical Views tasks (i.e., a test in
which one is given views of an object in different lighting
and from different vantage points) is surprisingly proficient.
However, the strategies they use are different than those em-
ployed by controls, suggesting that facial processing follows
an abnormal course of development (311, 333, 334).

Academic Achievement
Children with WS remain in special education classes
throughout their educational exposure (335, 336). Al-
though they perform as well as controls (matched for
reading and verbal mental age) on most phonological
awareness tasks and are able to link a word’s orthographic
form to its phonological representations, they do not nec-
essarily associate the word with its meaning (337, 338).
Thus, in some ways they are hyperlexic—they may perform
better in single word reading than would be predicted by
IQ, but their comprehension is poor (339, 340). Writing
and arithmetic are areas of weakness, which persist into
adulthood (210, 341).

Neuropsychiatric Disorders
Children with WS are rated by parents and teachers as being
fussy, fearful, anxious, shy, distractible, and hyperactive
(342–347). One interesting aspect of the attention problem
is “sticky fixation”—difficulty disengaging and shifting at-
tention from one target to another. This may reflect dys-
function in the dorsal (parietal) pathway (323). Sticking
fixation is seen in normally developing infants aged 3 to 5
months, but not after 6 months. In the child with WS, it may
persist until the age of 5 to 6 years. These children also have
particularly difficulty modulating incoming stimuli and
regulating their levels of arousal. This is particularly true
with regard to loud noises which provoke great distress—
crying, rocking, and self-injurious behaviors (267, 348). As
many as 95% have hyperacusis, which tends to improve
with age (263). Clinically significant anxiety, obsessions,
and phobias often persist into adulthood (349, 350). De-
pressive symptoms tend to increase with age (351).

Difficulty initiating and sustaining sleep, associated
with frequent nocturnal arousals and difficulty settling
back to sleep is a common problem. Parents often need to
soothe the child who cannot otherwise settle down to
sleep. The arousals may be related to periodic limb move-
ments (352).

Brain Structure and Function
The brain in WS is small (800 to 1000 grams; MRI mor-
phometric studies reveal a reduction of 13% in total brain
volume compared to controls). There is relative preserva-
tion of cerebellar volume: lobules VI-VII and VIII-X are en-
larged and the posterior vermis is significantly larger, after
controlling for the reduction in the size of the WS brain

(353). Brainstem tissue volume is reduced by 20%. In gen-
eral, there is relative sparing of frontal regions and a selec-
tive reduction in posterior areas of the WS brain (188, 190,
211, 354–356). In an MRI study using much thinner slices
and better resolution, this observation was only partially
replicated: decreased occipital gray matter volume, particu-
larly on the right and increased parietal gray matter volume
was noted (300). Schmitt et al. described the distinctive
shape of the WS brain, characterized by less of a curve in
the corpus callosum as well as in the angulation of the
anterior/posterior areas relative to frontal areas in the sagit-
tal plane which may reflect the decrease in the ratio of
frontal to parietaloccipital volumes (357).

There is a disproportional reduction of cerebral white
matter with relative sparing of gray matter (300). In partic-
ular, gray matter in the superior temporal gyrus (STG) vol-
umes in subjects with WMS were proportionally larger com-
pared to controls. The corpus callosum is noted to be
decreased in size, particularly in the isthmus and splenium
(358, 359). However, women with WS were noted to have
decreased gray matter volumes bilaterally in the superior,
not the inferior parietal lobule (360). This finding would
implicate specific involvement of dorsodorsal stream which
control “on line” motor behaviors. Lesions in this area re-
sult in optic ataxia (361), and would be consistent with the
deficits in visuomotor integration observed in individuals
with WS. Corroborating information from functional neu-
roimaging studies have demonstrated that the parietal seg-
ment of the dorsal stream is hypoactivated in WS (362).

Anomalous patterns of cortical gyrification have been
noted. Increased gyrification was noted most prominently
in the left frontal and right parietal and occipital areas
(363). Shortening of the central sulcus with relative hy-
poplasia of the occipitoparietal regions has been observed.
The cytoarchitecture of cortical forebrain areas is relatively
normal (354).

During face perception tasks, WS subjects show a pattern
of activation of the fusiform gyrus that is similar to controls
(364). However, in an ERP study of face processing, individ-
uals with WS demonstrated an abnormally small negativity
at 100 msec (N100) and an abnormally large negativity at
200 msec (N200) to both upright and inverted faces. The
small N100 /large N200 ERP may represent an electrophysi-
ologic marker for abnormal face perception in WS (334).

These structural and functional neuroimaging studies
provide further evidence for the anomalous anatomical fea-
tures of the WS brain. However, at this point in time, the
genes in the WS critical region that result in these aberrant
morphological features have not been identified. The aber-
rant gyrification patterns, reduction of gray matter in the
parietal lobe, and the relative decrease in white matter sug-
gest that brain development is affected at different points in
time and by different mechanisms across development. The
relationship between the structural and functional anoma-
lies in the dorsodorsal parietal region provides a patho-
physiological basis for the visuospatial deficits seen in WS.
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Management
The management of persons with WS starts with a detailed
assessment of intellectual and functional ability. The high
rate of medical complications associated with WS, particu-
larly with aging, requires close collaboration with other
physicians.

Young children with WS are often particularly handi-
capped by a combination of visuospatial deficits, deficient
expressive language, hyperacusis, severe ADHD, and an ar-
ray of anxieties, phobias, and a lower threshold for arousal.
Tomc suggests that parents should be counseled regarding
these difficult temperamental characteristics and supported
in their attempts to deal with a difficult child who “should
be easy”; (that is, they appear friendly and outgoing) (365).
ADHD may respond to treatment with psychostimulants
(366). Sensory integration techniques aimed at helping the
child to modulate arousal level and hypersensitivity to en-
vironmental stimuli (particularly auditory stimuli) may be
helpful. The use of auditory filters has been suggested (348).
It is helpful for the parents, teachers, and mental health pro-
fessionals to understand the developmental trajectory of
children with WS—namely, that as they mature they may
develop relative strengths in the area of expressive language
but continue to have severe intellectual and academic defi-
ciencies. The school-age child will require selection of an ap-
propriate class placement and learning disability support.

The remarkable language skills of persons with WS and
their engaging way of relating may lead caretakers into erro-
neously assuming that the individual’s functional ability is
comparable to their linguistic skill. In fact, the individual
with WS has a simplistic understanding of the functional as-
pects of day-to-day living (e.g., the purpose of going to the
bank is to get money). They continue to struggle with fine
motor skill deficits (they need help in tying shoelaces), visu-
ospatial deficits, and difficulty with social relationships.
Most adults with WS live a solitary existence; are restless, anx-
ious, and fearful; and continue to be troubled by hyperacu-
sis. Fewer than 5% are employed in the general work force.
Most live and work in sheltered environments (335, 367).

Turner Syndrome

Epidemiology
Turner Syndrome (TS) is the most common sex chromo-
some abnormality in females, occurring in 1 in 1,500 to
2,500 live born females (368, 369). Two to three percent of
all females conceived have an XO karyotype. Only 1 to
1.5% survive to term (370).

Characteristic features include short stature, low pos-
terior hairline, lymphedema of the hands and feet, ano-
malous ears, and a narrow maxilla. A webbed neck and
increased chest diameter (“shield chest”), are strong pre-
dictors of aortic and pulmonary venous anomalies (371).
Gonadal dysgenesis, apparent in the 20-week fetus, results
in ovarian failure which can occur either before puberty or
later. Most (85 to 95%) of the girls with monosomy (45X)

and 60% of mosaic TS fail to enter puberty spontaneously
(372). Women with TS are at high risk for osteoporosis and
other medical complications associated with estrogen defi-
ciency. Spontaneous pregnancy is rare and the rate of fetal
wastage and birth defects is very high (373, 374).

Serious medical problems in TS include cardiac anoma-
lies (17 to 45%), prominently coarctation of the aorta and
bicuspid aortic valve (375), aortic dissection (373), hyper-
tension (in 7 to 17% of children and 24 to 40% of adults)
(375), and congenital renal anomalies (25 to 43%) (373,
376–378). A mild conductive hearing loss (as a result of
chronic otitis) occurs in over 50% of girls with TS. A pro-
gressive sensorineural hearing loss may also occur
(379–381). Impaired glucose tolerance, insulin resistance
with Type 2 diabetes mellitus, (382), hyperlipedemia, ul-
cerative colitis, Crohn’s disease, and autoimmune thyroid
disease are frequently associated with TS (383). Growth
failure secondary to a primary bone defect, and possibly a
relative growth hormone deficiency result in slow growth
in childhood. The height of adults with TS falls two stan-
dard deviations below the mean (373).

Genetic Features
TS is characterized by the absence of part or all of the sec-
ond X chromosome (in some cases, absence of part of the
Y chromosome). Approximately half of the girls with TS
have monosomy X- (45, XO), which is associated with the
most severe anomalies (373, 384). In 70%, the single X
chromosome is of maternal origin.

Two copies of the X chromosome are required for normal
development of the female (385). Early in the normal em-
bryonic development of females, one X chromosome in each
cell is transcriptionally silenced (or “inactivated”), with the
exception of the genes in the pseudoautosomal region 1
(PAR-1), located in a 2.6 Mb region—Xp11.2–p22.1—at the
distal end of the short arm. (In males, the short arm of the Y
chromosome contributes a similar set of genes from PAR-1).
Thus, deletion of one copy of PAR-1 genes can result in the
TS phenotype (380, 386). Genes associated with ovarian fail-
ure, high-arched palate, and autoimmune thyroid disease
have also been mapped to this region (386).

The X-inactivation site (XIST) is located at Xq11.2–q21
on the long arm of the X chromosome. It is required for the
transcriptional silencing of the second copy of the genes on
the X chromosome, except for those in PAR-1. Inactivation
typically involves any faulty genes. Genes (specifically pa-
ternal genes) are initially silenced well before cellular dif-
ferentiation, later reactivated, and then randomly silenced
again (387). Deletion of the XIST site, which occurs in
some cases of small ring chromosomes in TS, may be asso-
ciated with severe anomalies or retardation (388–390).

Imprinting, that is, whether the X chromosome comes
from the father (X�) or mother (Xm), may also result in dif-
ferent cognitive and behavioral phenotypes.

Somewhat different genetic patterns are associated with
different TS phenotypes. Seven to 18% of individuals with
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TS have an isochromosome (46,Xi(Xq), that is, two identi-
cal chromosome arms due to duplication of one arm and
loss of the other arm. This genotype is linked to increased
risk of deafness and autoimmune disorders. Mosaicism
(45, X/46, XX) occurs in 10% and is associated with a
milder neurocognitive phenotype, less growth impairment,
and less ovarian dysfunction (391). Approximately 2% of
women with TS have 46,XXp- and 46,XXq- genotypes with
variable phenotypes. Ring chromosome, 46,Xr(X), some-
times associated with a severe phenotype, occurs in 6 to
10% of TS subjects (388–390). In about 7% of TS cases, Y
chromosome material is present as a result of deletion of
the Y chromosome (45,X/46,XY) as demonstrated by poly-
merase chain reaction (392, 393). There is a significantly
increased risk for gonadoblastoma; virilization is inconsis-
tently present (392, 393).

Neurocognitive Profile
The TS cognitive profile is characterized by average-range
verbal skills and impaired visuospatial/motor/perceptual
skills, visual memory, prefrontal executive function and
processing social-emotional interactions (394–408).

A study was undertaken comparing the neurocognitive
performance of women with TS to those with premature
ovarian failure (409). Both groups had early estrogen defi-
ciency and both had received estrogen replacement therapy
(410). The performance of the women with premature
ovarian failure did not differ from that of normal controls;
whereas the women with TS manifested the characteristic
visuospatial perceptual skills deficit, suggesting that the
cognitive deficits in TS are the result of anomalous brain
development rather than estrogen deficiency. In a study in
which adolescent girls with TS were randomly assigned to
placebo and androgen (oxandrolone) treatment groups for
two years, there was a small but significant improvement in
working memory in the treatment group (411).

In the academic sphere, reading skills in TS are relatively
intact. Individuals with TS are able to read irregular words,
and manifest strength in phonological awareness and com-
prehension (412). Despite the strength in phonologic
awareness, they are impaired in nonword reading, which is
an unusual pattern and may be a manifestation of executive
function deficits (394).

Poor performance in the area of arithmetic, especially
numerical ability, mental calculation, geometry, and rea-
soning are characteristic of the TS population (403,
413–415) and is apparent in kindergarten and shows little
improvement. They perform poorly on tasks involving
cognitive estimation and rapid enumeration of small quan-
tities which depends in part on storing a specific configura-
tion in memory and calculation ability (400, 414, 416).

Girls with TS have difficulty with facial affect recogni-
tion, particularly identifying fearful facial expressions.
Their deficit is as impaired as that seen in patients with bi-
lateral amygdalectomies (397, 417, 418). Similar impair-
ment was noted in a study in which they were asked to

identify mental state from images of the upper face (“read-
ing the mind in the eyes”) (419). Some studies evaluating
their ability to detect small shifts in gaze have indicated im-
pairment as well (420).

The TS neurocognitive/behavioral profile (in 70% of fe-
males with TS)— verbal ability superior to visuospatial
ability, motor impairment, prefrontal executive function
deficit, relative strength in language-based academic tasks
compared to weakness in arithmetic coupled with difficulty
in the social-emotional sphere— bears a strong resem-
blance to nonverbal learning disability (421).

There is considerable variability in individuals, and the
degree of impairment on task performance depends, in
part, on the complexity of the task and the cognitive load
that is placed on frontal-executive system resources (407,
408). In addition, the specific pattern of affected genes
may determine the neurocognitive profile, although more
data will be required before firm conclusions can be
drawn. The genes related to the TS neurocognitive profile
have been mapped to the PAR-1 region (380). Overall, TS
subjects with monosomy perform more poorly than mo-
saic TS subjects, who may perform within the range of
controls on some verbal tasks. Both the mosaic and
monosomic TS groups are significantly impaired on visu-
ospatial and memory tasks compared to controls, suggest-
ing specific impairment of association neocortex (422).
Imprinting may contribute to the TS cognitive phenotype.
Skuse found the women with 45,Xp to have superior ver-
bal and executive function and better social adjustment
(423). Moreover, 40% of the subjects with 45,Xm had
been in special education settings in comparison to only
16% of the subjects with 45,Xp. Autistic disorder in TS
occurs in association with the 45,Xm phenotype more
frequently than would be expected in the general popula-
tion (424). Severe social problems, significant obsessive
features, aggression, impulsivity, and attention problems
have been reported in patients with small ring X chromo-
somes (425).

Psychiatric and Behavioral Aspects
The social difficulties of girls with TS require sensitive han-
dling. As children, they are at risk for being teased and
marginalized by peers because of their unusual appearance,
short stature, and poor motor skills (381, 426, 427). They
have few friends and are often socially isolated (427). Their
impaired social skills, which arise in part because of diffi-
culties processing emotional signals, may also result from
their decreased emotional arousal and restricted emotional
facial expressions, and need to be addressed in their man-
agement (428–430). Not surprisingly, girls with TS have se-
rious deficits in self-esteem (369, 427, 431, 432).

Inattention, hyperactivity, and impulsivity are often se-
vere enough to meet formal criteria for ADHD, and impair
academic performance and social interactions. When com-
pared to their sisters who do not have TS, affected girls had
higher ratings of social, attention or thought problems on
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the Child Behavior Checklist (126). Anxiety has been re-
ported but is not consistently found (428, 433).

Neuroimaging Studies
Total brain volume of individuals with TS does not differ
from that of controls (434). However, as might be pre-
dicted from the neurocognitive profile, neuroimaging stud-
ies demonstrate abnormal structure and function in areas
subserving visuospatial and executive functions. The struc-
tural anomalies in the TS brain are prominently in the
occipito-parieto-temporal regions. These include regional
decreases in tissue volumes in the parietal areas, particu-
larly the superior parietal and postcentral gyri (435), as
well as occipital white matter (with some imprinting ef-
fects) (436), and reduced size of the genu of the corpus cal-
losum (408). Anomalies of the right intraparietal sulcus
have been reported (407). Reiss noted increased propor-
tions of white and gray matter in the right posterior area
(434). White matter pathways in the temporal lobe, the
gray-white interface of superior temporal sulcus, and the
inferior interparietal region are disrupted (406–408). Full-
Scale IQ scores showed a significant positive correlation
with postcentral tissue volume (435).

Anomalous structural and functional features of the su-
perior temporal gyrus, which plays a crucial role in the pro-
cessing of social-emotional signals, have been noted. Gray
matter volumes in this area are larger than observed in con-
trols (an effect particularly obvious in the 45,Xm suggesting
that neuronal pruning is differentially regulated in some
way) (437). In a sample limited to 7- to 12-year-old girls
with XO monosomy, (not on estrogen replacement, thus,
eliminating issues of age or hormonal effect), an increase in
temporal lobe gray matter was noted (394). Magnetic reso-
nance spectroscopy findings were also consistent with a
possible failure of normal neuronal pruning, which may
also be reflected in the disturbed gyrification and sulcation
that is prominent in the superior temporal sulci (407). The
size of temporal gyri was correlated negatively with perfor-
mance on auditory rhyme and semantic fluency (394).

The amygdala, a structure implicated in the recognition
of fearful facial expression (438) is significantly larger in TS
females than normal XX females and interestingly, even
larger than in 46, XY males (417). It is a sexually dimorphic
structure: normal 46,XY males have significantly increased
amygdala volumes in comparison to normal 46,XX females,
so that the finding of the larger amygdala in TS females is a
distinct anomaly. The amygdala is tightly interconnected
with orbitofrontal cortex and forms one of the functional
neural units involved in emotion-processing. The finding
that the orbitofrontal cortex is larger in TS females than in
normal XX females or XY males provides a possible expla-
nation for the deficits that TS women manifest in the pro-
cessing of facial emotional displays, particularly in the
recognition of fearful emotional expressions. Good et al.
suggest that the amygdala and orbitofrontal cortex consti-
tute a functional unit which is specifically affected in TS.

Although hormonal factors are a possible explanation,
Good et al. did not note any clear relationship between
ovarian function and neuroimaging or neuropsychological
findings. Enlargement of the left amygdala was also noted
in a study involving younger subjects suggesting that rather
than any hormonal effects, it is X-linked genes gene dosage
effects that influence amygdala development (439).

Decreased hippocampal gray matter volume is associ-
ated with memory deficits on neuropsychological testing in
TS (434, 436, 439, 440). Smaller volumes of the caudate,
lenticular, and thalamic nuclei were noted in women with
TS (441). Some studies have noted abnormalities in the
cerebellum and brainstem, but the findings are inconsis-
tent and may be explained by different technical methods
(406, 408, 436, 442–445).

Functional neuroimaging studies have demonstrated
that women with TS not only fail to activate the cortical
areas employed by normally developing individuals dur-
ing the performance of certain specific cognitive tasks,
but also fail to employ frontal resources when required
to deal with increased task difficulty (406, 407, 444,
445). For example, subjects with TS activated the same
frontal-parietal network as normal controls when per-
forming simple computational tasks, but decreased acti-
vation in these areas when they were required to perform
exact calculation of large numbers, (406, 444). They per-
formed more poorly than controls on both the easy and
hard versions (1-back and 2-back) of a visuospatial
working memory task, and, unlike controls increased
activation bilaterally in the supramarginal gyrus during
the 1-back task, and during the 2-back task decreased
supramarginal gyrus activation as well as dorsolateral
prefrontal cortex, and caudate (446). Thus, cognitive
function in TS appears to result from dysfunction of
posterior association cortices, possibly as the result dis-
turbance of neuronal pruning as well dysfunctional con-
nectivity as a result of disruption of the underlying white
matter pathways.

Management
The array of cognitive and executive function deficits pre-
sents a formidable challenge for the treating psychiatrist.
The problems surrounding social competence and sexual-
ity in combination with numerous medical disorders make
the girls and women with TS particular vulnerable to emo-
tional problems. The medical problems associated with
TS continue throughout the life span. Parents of young
children need guidance in understanding the cognitive and
psychosocial implications of the diagnosis and making rea-
sonable choices with regard to growth hormone and estro-
gen replacement. The psychiatrist will play an important
role in helping the girl with TS who is approaching puberty
understand the implications of ovarian dysfunction and
the absence of pubertal development and child-bearing po-
tential as well as working through the risks and benefits of
estrogen replacement therapy. In addition, assisting the girl
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with TS in dealing with the difficulty in reading social cues
and developing effective coping strategies is beneficial.

Prader-Willi Syndrome

Epidemiology
The prevalence of PWS has been estimated as falling be-
tween 1 per 10,000 and 1 per 52,000 (447–450). There is
no specific racial preponderance. Boys and girls are
equally affected, except for one particular genetic subtype,
uniparental disomy, in which there is a male predomi-
nance (451).

Physical and Behavioral Phenoytypic Features
Persons with PWS are typically short, obese, with small
hands and feet, delicately, tapering fingers, a narrow
bifrontal diameter, full cheeks and almond-shaped eyes.
About 75% of patients are hypopigmented relative to other
members of the family (452–454). Ocular hypopigmenta-
tion has been found in about half of patients with PWS and
is often associated with strabismus and nystagmus (455).
The physical and behavioral features of PWS change with
maturation. Even before they are born, mothers report di-
minished fetal activity (456). Newborns are small, pro-
foundly hypotonic, have hypoactive reflexes, severe feeding
problems, failure to thrive, and may have apnea. During
the first year of life, the feeding problems resolve. Initially
pleasant and rather docile in the second to third years of
life, the PWS child develops rampant food-seeking behav-
iors which leads to gross obesity around 6 years of age
(457, 458). Anger, aggression, and obsessive-compulsive
behaviors also emerge during the preschool years.

Thus, when making a diagnosis of PWS, the child’s age
must be taken into consideration. The following criteria for
genetic testing, DNA methylation analysis, which take the
age-related shift in the phenotypic profile into account were
proposed by Gunay-Aygun in 2001 (459). In the birth to 2-
year old age range children presenting with hypotonia and
poor suck in the neonatal period should be tested. Similarly,
in the 2- to 6-year range a child with this neonatal history,
hypotonia, and global developmental delay should un-
dergo testing. Those in the 6- to 12-year range with this
neonatal and developmental history, coupled with exces-
sive eating with central obesity are candidates. Adolescents
and adults with this history, mild mental retardation, ex-
cessive eating with central obesity, hypothalamic hypogo-
nadism, and/or the typical PWS obsessive-compulsive
behaviors and temper outbursts should be screened (459).
The parent-specific DNA methylation imprint is present in
the PW critical region in over 99% of patients with PWS.
Once the diagnosis is confirmed by methylation analysis,
the specific type of mutation is identified.

Genetic Features
The PW critical region is on chromosome 15q11–q13 en-
compasses 4 million base pairs containing 50 to 100

genes/transcripts, some of which are highly relevant to the
neuropsychiatric features. There are several different ge-
netic subtypes of PWS. The most common (70% of cases)
involves an interstitial deletion (absence of the paternal
genes), 25% have maternal disomy (that is, two copies of
the maternal gene, and none from the father), and 2 to 3%
have a mutation of the imprinting center or other anoma-
lies of the imprinting process. There is evidence that sug-
gests that maternal disomy results from the “correction” of
a trisomy 15 state.

There are some differences in the somatic and cogni-
tive/behavioral phenotypes depending on the particular
genetic subtype. The typical phenotype is seen in children
with paternal deletions. Individuals with mosaic trisomy
15 have the most severe phenotype, whereas those with
maternal uniparental disomy have a milder phenotype
(460). The oculocutaneous albinism II (OCA2) gene (for-
merly the P gene) is located at 15q 11.2–12 and is deleted
in most patients with paternal deletions. These children
are hypopigmented relative to other members of their
families. Less than half of those with uniparental disomy
are hypopigmented (451, 452, 454). Highly relevant to
the psychiatric manifestations of PWS is the fact that the
genes encoding the alpha (5), beta (3), and gamma (3)
subunits of the gamma-aminobutyric acid type-A
(GABA(A)) receptor lie within the PWS critical region
(461–465). There are rare cases of patients with the PWS
phenotype who on genetic testing have a chromosome 15
deletion and imprinting defect typical of Angelman’s syn-
drome (a genetic disorder which involves the same region
of 15q as PWS but disomic individuals have two copies of
the maternal chromosome) (466).

A number of genes which regulate various aspects of
brain development have been mapped to the PW critical
region (in the mouse orthologous genes are located on
mouse chromosome 7C). Although a number of genes
have been identified in this region the molecular features
of PWS have not as yet been fully identified. One of the
genes is the small nuclear ribonucleoprotein particles
(snRPN) gene, which is maternally imprinted. Mutations
of this gene might affect RNA-splicing (467). Magel2 is
specifically expressed in developing hypothalamus. Other
genes, such as the highly conserved genes NIPA 1 and
NIPA 2, which may function as transporters or receptors,
have also been identified. The precise role of these genes
has yet to be identified. Loss of expression of small nucle-
olar RNAs, involved in various aspects of RNA-processing,
has been suggested to be an important factor in the PWS
phenotype (468).

Neurocognitive Profile
Individuals with PWS have intelligence quotients ranging
from average to severe mental retardation. In a population-
based study the IQ distribution was normal, but shifted
downward by about 40 points (469). Typically there are rel-
ative strengths in visuospatial ability and relative weakness
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in the verbal sphere, although not all persons follow this pat-
tern (470, 471). PWS children may perform as well as peers
of normal intelligence on word searches and outperform
them on puzzles (472).

Speech and language deficits are prominent. In the
preschool child, oral motor and articulation difficulties are
primarily affected (473–475). Kleppe et al. reported that in
their sample of children with PWS, 88.9% fell below the 6th

percentile on tests of receptive language (474). This may be
related to the behavioral problems that are characteristic of
PWS children, as receptive language delays contribute to
oppositional, angry, aggressive outbursts and academic
frustration (469, 476). Developmental language disorder
also contributes to impaired reading comprehension. It is
thus of interest that Burd and Kerbeshian described such a
hyperlexic adult with PWS with an IQ of 75 who was able
to read fluently but with poor comprehension (477). It is
common, however, for the academic performance of chil-
dren with PWS to fall considerably below the level of their
measured intelligence. Whittington et al. attributed it to
placement in restrictive educational environments because
of behavior problems (469).

Cognitive and behavioral profiles appear to be related pri-
marily to the particular genetic subtype (478). Subjects with
uniparental disomy had better verbal abilities but impaired
coding ability, compared to the deletion group. Some sub-
jects in the deletion group had strong visuospatial skills. Cas-
sidy compared 37 individuals with paternal deletion to 17
individuals with uniparental disomy and noted that the
group with uniparental disomy had less skill with jigsaw
puzzles, and had a more normal pain threshold and less skin
picking (453). Butler et al. (479) examined PWS subjects
with large deletions (500 kb or more), those with smaller
deletions, and those with uniparental disomy. Large dele-
tions were associated with lower adaptive behavior scores,
and more academic difficulty compared to the smaller dele-
tions. Those with the large deletions also manifested more
OCD behaviors than subjects with disomy 15. Butler et al.
noted that four recently identified genes are deleted in the
large not the small deletion and that these genes are impli-
cated in OCD behaviors. Somewhat different conclusions
were reached by another group, who conducted a telephone
survey using the Autism Screening Questionnaire (ASQ) and
the Vineland Adaptive Behavior Scales. These investigators
found that subjects with maternal uniparental disomy man-
ifested more autistic symptomatology (480).

Psychiatric and Behavioral Aspects
The toddler with PWS is often friendly, charming, well-
intentioned and generous. However, during the preschool
years, there is a dramatic change in behavior. The child de-
velops incessant food-seeking behavior, aggressive rages and
tantrums, becomes stubborn and perseverative, and has
repetitive skin-picking, and obsessive-compulsive behaviors.
Children with PWS tend to be rigid and inflexible in their
thinking. These behaviors reach a peak in adolescence and

young adulthood, and start to decline in intensity around
age 30 years (481–484). A variety of psychiatric disorders
have been described in patients with PWS—obsessive-
compulsive disorders, conduct disorder, depression, bipolar
disorder, ADHD, psychosis, and self-injurious behavior.

Obsessive-compulsive symptoms are prominent in pa-
tients with PWS and include hoarding, ordering and ar-
ranging, repetitive concerns, and symmetry (485, 486).
Anger and irritability are extremely common, occurring in
84.8% of subjects with PWS. Nearly half (42.1%) meet
DSM-III-R criteria for conduct disorder in childhood (486).

Depression is also noted in some patients with PWS. In
one study 16.4% had a history of depressed mood for more
than 2 weeks (486). More boys than girls appeared to be af-
fected (481). Attempted suicide was reported in 4.9%
(486). ADHD is seen in pre-adolescents (487). Anxiety dis-
order or panic attacks/panic disorder occur rarely (in less
than 10% of subjects with PWS) (486).

Psychosis has also been described in patients with PWS.
In a longterm study, 6 of 59 patients with PWS experienced
a psychotic episode during adolescence (488). The present-
ing features included agitation of sudden onset, abnormal
beliefs, and auditory hallucinations and severe affective
disorder (488–492). Virtually all of these cases of psychosis
occurred in patients with maternal uniparental disomy and
were not associated with paternal deletions.

Self-injurious behavior (repetitive skin-picking and hair
pulling) is a common problem and a source of constant
stress for parents (80, 493, 494). The sores heal very slowly
and sometimes not at all because of repetitive injury. Rec-
tal digging is a variant of this behavior and has been misdi-
agnosed as inflammatory bowel disease (495). It has been
suggested that picking behaviors may be an attempt to in-
crease sensory input, or may represent a behavior in the
OCD spectrum (486, 496–498).

Gamma amino butyric acid (GABA) is a widely
distributed inhibitory neurotransmitter which plays an
important role in neuropsychiatric function. GABA(A) re-
ceptors are ligand-operated chloride channels assembled
from five subunits, which mediate fast inhibitory neuro-
transmission (499). The physiological and pharmacologi-
cal properties of these receptors are related to the particular
combination of receptors. This permits flexibility in signal
transduction and allosteric modulation, enabling neuronal
networks to detect pre- and postsynaptic signals, and select
and stabilize response patterns. This changing pattern of
sensitivity in receptors enables the synapse to respond dif-
ferentially to the same type of stimulus and thus permits re-
markable response modulation (500, 501). Different brain
regions are associated with specific GABA(A) receptor sub-
unit configurations, suggesting that there are functional
differences depending on the combination of receptor sub-
units in that region (499, 502).

There is a remarkable structural heterogeneity in the
GABA (A) receptor family. Twenty-one GABA(A) receptor
subunits have been identified at this point, distributed
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among 8 different subunit “families.” (502–506). Genes
encoding the alpha (5), beta (3) and gamma (3) subunits
of the gamma-aminobutyric acid type-A, GABA (A), recep-
tor have been mapped to the PWS critical region. Given the
crucial role of GABA (A) in receptors in brain development
and neuronal signaling, one would expect that the absence
of these subunits of the GABA (A) receptor would have a
profound effect on neuronal connectivity, cognition, and
behavior. These subunit types are concentrated in the neos-
triatum, lateral geniculate nucleus, amygdala, hypothala-
mus, and hippocampus in a rat brain— all regions shown
to be involved in the regulation of social behaviors, mood,
autonomic regulation, memory, and motor behaviors
(499, 507–510).

Although GABA is viewed as an inhibitory neurotransmit-
ter in the adult brain, it is expressed in the fetal brain and plays
a crucial role in brain development (511–514). During the
early phases of fetal brain development, GABA (A) receptor
subunits regulate cell proliferation in neocortex (515, 516)
and hippocampus (517). As brain development progresses,
they play a role in the regulation of neuronal migration
(518), as well as synaptogenesis (519–521). Thus, GABA (A)
is an important regulator of neuronal plasticity (522).

In the adult brain, the finely-tuned GABAergic activity
in hippocampal inhibitory interneurons contributes to
synaptic plasticity and thus to learning and memory (523,
524). The GABA (A5) subunit is expressed abundantly in
the hippocampus and only minimally in other areas of
the brain. A number of studies have demonstrated that in
the GABA (A5) knock-out mouse in which GABA (A5)
activity is decreased, performance on hippocampus-
dependent learning tasks, particularly those involving
visuospatial memory, is enhanced (525, 526). Similarly,
when the alpha 5 subunit binds inverse agonists (that is,
agents which shifts the equilibrium of the receptor toward
its inactive state), enhanced memory is observed with
improved spatial learning (527, 528).

What are the observed effects of the deletion of these
GABA (A) receptors in PWS? Plasma GABA levels are much
higher than normal in individuals with PWS and Angel-
man’s syndromes (in which the same area is deleted) but
not in obese or mentally retarded control subjects, possibly
because of increased release of presynaptic GABA as a com-
pensation for the decrease in GABA-A receptor units (529).
However, since not all GABA receptor types map to the
region of the deletion, the remaining GABA receptors are
exposed to much higher neurotransmitter levels than is
normal. Given the important role that GABA (A) plays in
early brain development, neuronal connectivity and neu-
ronal transmission may be affected. Certainly, many of the
behaviors seen in PWS—aggression, arousal, impaired mo-
tor function, decreased response to pain, and impaired sati-
ety mechanisms—could be attributed to this sequence of
problems. Moreover, given the role of GABAergic interneu-
rons in binding and synchronizing the neuronal activity
of various cortical networks and, on a cognitive level,

conscious experience, GABA has been postulated to play a
role in the development of psychosis (530–532).

Overeating and food-seeking behaviors in patients with
PWS result in severe obesity and all the secondary medical
problems that are associated with obesity (including cardio-
vascular disease, obstructive sleep apnea, diabetes, and de-
generative joint changes). The behavioral problems associ-
ated with food-seeking pose formidable challenges for
parents in their day-to-day management of these children.
Behavioral problems are positively correlated with body
mass index (482, 483). There is little question that persons
with PWS can ingest enormous quantities of food when left
to their own devices. In one study, subjects with PWS ate
steadily for an hour and consumed more than three times as
much food as did normal controls (1,292 vs. 369 calories)
(533). Satiety was reached only when subjects became
markedly hyperglycemic (534). Moreover, individuals with
PWS, even underweight infants, have proportionately more
body fat than controls, as measured by skin fold thickness
(535). Abnormal fat metabolism is, in part, related to growth
hormone deficiency (536). Although it appears likely that
the overeating is related to hypothalamic dysfunction, the
precise pathophysiological mechanism has yet to be identi-
fied. An fMRI study demonstrated that hypothalamic activa-
tion in PWS subjects in response to a glucose load occurred
only after a 24-minute delay, in contrast to healthy lean sub-
jects who showed this activation in 10 minutes, and obese
subjects in 15 minutes. The activation of other areas (pre-
frontal cortex, insula, ventral basal ganglia) which regulate
hunger and satiety was also delayed (537). Considerable at-
tention has been focused on ghrelin, a peptide expressed in
the stomach and hypothalamus that stimulates both growth
hormone and prolactin secretion. In normal individuals, in-
creased plasma ghrelin concentrations are associated with
increased subjective ratings of hunger. Individuals with PWS
have markedly elevated ghrelin levels compared to other
obese patients (538–540). However, two short-duration
studies failed to demonstrate that lowering ghrelin levels ef-
fectively inhibited food-seeking behavior (540, 541).

Other evidence of hypothalamic dysfunction is sug-
gested by extremely high fevers in young infants with PWS,
deficient growth hormone production (542), decreased
size of the adrenal glands (543), and decreased bone mass
density probably as a result of high bone turnover and in
males appeared to be related to lower levels of sex steroids
(544). The posterior hypothalamus is involved in the regu-
lation of wakefulness and REM sleep (545–547), and dys-
function in this area may underlie the sleep disturbance
frequently noted in PWS.

Management
Treatment of persons with PWS requires broad behavioral,
medical and neuropsychiatric approaches. Interventions
should include control of weight including restriction to
foods in all environments (548), management of sleep ap-
nea, if present, exercise (549, 550), hormone replacement,
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and psychopharmacological treatment of self-injurious be-
haviors, and psychiatric issues.

Receptive language impairment can have a negative im-
pact on social interaction. Taking time to understand what
the individual understands in a given conversation is es-
sential. Furthermore, the use of visually-based communica-
tion (for example, gestures and visual cues), the more
effective, successful, and helps the person with PWS with a
greater sense of being understood and self-control.

Limiting access to food in all environments, as well as
exposure to food-related stimuli (e.g., viewing pictures of
food, working in food preparation, having access to left-
overs and garbage) is the foundation of effective weight
management. Foods should be prepared by others in lim-
ited portions, and in most households it is necessary to
lock cupboards and the refrigerator. Limiting access to food
is much more effective than any other approach. (533, 551,
552). Hormonal replacement with growth hormone im-
proves growth, body composition (decrease in fat mass and
increase in lean body mass), physical strength (including
respiratory muscles), agility, bone density and fat utiliza-
tion in children with PWS, as well as improvement in
depressive symptoms and behavior (487, 553–556), al-
though there are also reports of adverse events associated
with growth hormone therapy (487, 553).

Velocardiofacial Syndrome

Epidemiology
Velocardiofacial syndrome (VCFS), originally described by
Shprintzen, is a genetic syndrome found once in every
2,000–4,000 live births (557, 558, 559).

Physical Features
The VCFS phenotype is extremely variable. Some affected
children have major cardiac defects and thymus aplasia, so
severe as to be fatal, whereas others may have only subtle
craniofacial dysmorphic features. Patients are often of short
stature. There is a typical facial appearance—narrow palpe-
bral fissures, prominent tubular nose, narrow alae nasi,
low-set, dysplastic ears, and retrognathia. Cardiovascular
malformations include anomalies of the aortic arch, pul-
monary arteries, defects of the infundibular septum, and
malformations of the semilunar valves (560). These con-
genital heart defects require surgical repair in early child-
hood (561). Renal anomalies may also occur (561). Cleft
palate and velopalatal insufficiency result in feeding prob-
lems in infancy, and speech and articulation problems later
in childhood (562–564). Absent or hypoplastic adenoids
and laryngotracheal anomalies and laryngeal stenosis also
contribute to communication problems (561). Congenital
ear anomalies result in middle ear infection in almost 50%
of children with VCFS, with a secondary conductive hear-
ing loss. About 11% of individuals with VCFS also have a
sensorineural hearing loss (562). Hypocalcemia or im-
mune disturbances may occur (561). Although VCFS is

associated with a high rate of birth defects and dysmorphic
features, one third of individuals with VCFS do not have
such anomalies (565). Thus, the absence of these congeni-
tal anomalies is not a reason for not performing genetic
testing (565–567).

Genetic Aspects
VCFS results from a microdeletion at 22q11.2. Most dele-
tions are de novo, sporadic deletions. There is considerable
phenotypic overlap between VCFS, DiGeorge syndrome,
and conotruncal anomaly face syndrome, all of which in-
volve deletion of the same region of 22q11.2. In DiGeorge
syndrome a developmental anomaly of the derivatives of
the 3rd and 4th pharyngeal pouches is associated with the
absence or hypoplasia of thymus and parathyroid glands.
Conotruncal heart defects include truncus arteriosus, trans-
position of the great arteries, double outlet of the right ven-
tricle, and tetralogy of Fallot. These three syndromes are
sometimes grouped under the acronym CATCH-22 (for
Cardiac defects, Abnormal facies, Thymic hypoplasia, Cleft
palate, and Hypocalcemia) (568).

The genetic anomaly in VCFS is complex and there are a
variety of deletions in the 22q11 region that result in the
VCFS phenotype. A large (3 Mb) deletion is found in about
87% of the cases, whereas 8% have a smaller (1.5 Mb) dele-
tion within that region, 4% have other deletions, and a
small percentage have unique deletions (569). After exam-
ination of patients with more restricted deletions, the
critical region has been narrowed to a 250 kb area at the
proximal end of the larger deletion (570). In some cases,
microduplication of the del(22)(q11.2q11.2) results in a
similar phenotype (571).

The 22q11 region is highly susceptible to chromosomal
rearrangements, which has been attributed to a set of com-
mon chromosomal breakpoints, called low copy repeats
(569, 572, 573). Low copy repeats are rich in palindromic
AT repetitive sequences, which may result in a hairpin turn
of the chromosomal material, facilitating more frequent
chromosomal rearrangement (573–575). These exchanges
of chromosomal material occur during meiosis I and seem
to happen more frequently than in deletions on other
chromosomes, suggesting a difference in the meiotic be-
havior of chromosome 22 (576). This has made it hard to
pinpoint the mechanism by which haploinsuffiency results
in the VCFS phenotype. Even monozygotic twins do not al-
ways have the same phenotypic presentation (577).

A number of genes in the VCFS region are expressed in
the brain during early development, although some are not
unique to developing brain (578). Genes of the latter type
include the goosecoid-like homeobox gene (579, 580),
Tbx1, a gene encoding transcription factors involved in de-
velopmental processes (578), ubiquitin fusion degradation
1-like (UFD1L) gene (581), and PIK4CA, a member of the
phosphatidylinositol 4-kinase family (582).

Some genes in the VCFS deleted region have been impli-
cated in psychiatric disorders (schizophrenia and bipolar
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disorder), which occur in very high frequency in VCFS. How-
ever, controversy remains considerable and none of these
genes have been demonstrated to be involved in the psychi-
atric symptoms in all populations. These include the proline
dehydrogenase (PRODH) gene (583), the NoGo (RTNF4)
gene, a glycosylphosphatidylinositol-linked protein, which
inhibits axonal growth, is involved in myelination, and is
also a factor in hippocampal neuronal plasticity during de-
velopment (584, 585). The claudin gene (CLDN5), is in-
volved in myelinization (586).

An important gene in this area is the catecholamine-O-
methyltransferase (COMT) gene that codes for the COMT
enzymes, which inactivates catecholamines. There are two
polymorphisms, the val and met forms, resulting from a G-
to-A transition at codon 158 (thus, a valine-to-methionine
substitution). Individuals, who have two copies of the met
allele, have a three to fourfold reduction in COMT activity,
with a marked increase in catecholamines.

Neurological Features and Neurocognitive Profile
Some patients are microcephalic and have severe cognitive
dysfunction. Spina bifida and hydrocephalus have been de-
scribed in VCFS (587). Unprovoked seizures are more fre-
quent in VCFS than in the general population, and are not
explained by any associated medical problems (588). Chil-
dren with VCFS are hypotonic and delayed in acquiring
motor milestones, and have poor coordination (589). IQs
range from profound mental retardation to the average
range. About half of the patients have an IQ below 70. The
typical VCFS patient is mildly mentally retarded—mean IQ
of 70, (range 46 to 100) (590).

Language development is often significantly impaired
and severe articulation difficulties are prominent. The situa-
tion is made more complicated by the global developmental
delay often seen in these children, as well as the craniofacial
anomalies (cleft palate or nasopharyngeal insufficiency
which results in hypernasality and audible nasal air emis-
sion). Hearing deficits also contribute to the slow language
acquisition of these children. However, a number of studies
comparing children with VCFS to other groups with similar
birth defects and developmental delays have suggested that
the delay in language is not simply the result of these physi-
cal anomalies or developmental problems (591–593).

One study examined 27 subjects with VCFS (6 to 19
years of age) matched to a group of children with idio-
pathic developmental delay, and for certain tasks, typically
developing children. The parental origin of the deletion
was confirmed in 21 of these subjects. The assessment,
which included the Clinical Evaluation of Language Funda-
mentals–III, revealed that Receptive Language scores were
significantly lower than Expressive Language scores in the
VCFS group. In contrast, the reverse pattern was seen in the
developmentally delayed group. The mean full scale IQ was
69.4 (range 40–105) (those with maternally-derived dele-
tions had a mean full-scale IQ of 64.4 � 23.7; range 46 to
81) whereas those with a deletion of paternal origin had a

full-scale IQ score of 76.2 � 18.56 (range 40–105). The
VCFS children in which the deletion was of maternal origin
scored significantly lower in receptive language than those
whose deletion was paternally derived; a trend in the same
direction was also noted in expressive language. These find-
ings are also intriguing because of the possibility that there
is an imprinting effect, namely that the parental origin of
the deletion affects the phenotype. The authors, noting the
lack of congruence with the findings reported by others
(594, 595), suggested that their findings might be related to
the specific test instruments used, or to the increasing de-
mands for abstract reasoning with age. They suggested that
their findings are consistent with the volume reduction
noted in cortical language area on morphometric MRIs
(596, 597).

Despite the early language deficits and uniformly poor
cognitive profile in the young child with VCFS (598), the
cognitive profile in older children and adolescents is char-
acterized by low-normal to borderline-range Full-Scale IQ
with a Verbal IQ in the range of 80 and a Performance IQ
of about 70. The gap between the Verbal Comprehension
and Perceptual Organization indices is even greater. In
about 90% of individuals with VCFS, reading and spelling
achievement scores (high 80s) are higher than arithmetic
achievement scores (low 80s) (594). Moss et al. point out
that this is an unusual pattern as one usually sees poor aca-
demic performance on language-based tasks in children
with early language impairment (594).

Gross and fine motor skills are impaired. Visuospatial
skills, visual attention, and visual-spatial memory are defi-
cient and affected individuals have difficulty grasping new
and complex information (599). Adults with VCFS have a
cognitive profile characterized by deficits in visual working
memory, visual recognition, attention, certain aspects of
social cognition, and frontal executive deficits, a profile re-
sembling that seen in nonverbal learning disability partic-
ularly in view of the deficits in social-emotional behaviors
(600, 601). Moreover, patients who were hemizygous for
COMT-met performed better on executive function tasks
(set-shifting, verbal fluency, attention, and working mem-
ory tasks) than did those who were hemizygous for the val
allele (602).

Psychiatric Aspects
High rates of attention deficit hyperactivity disorder
(ADHD), aggression (603), anxiety disorders (specifically
obsessive-compulsive disorder and separation anxiety dis-
order), mood disorder, in particular, bipolar disorder,
schizotypal features, and schizophrenia have been noted in
persons with VCFS (604).

ADHD (both with and without hyperactivity) has been
reported in 35 to 50% of children with VCFS (the higher
prevalence occurring in those children whose first degree
relatives also had ADHD). There was no apparent relation-
ship to dysmorphic features, perinatal problems, or devel-
opmental delay (603). Based on the pattern of errors on the
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Attention Network Test, Sobin et al. concluded that the at-
tentional disturbances in the VCFS group are consistent
with executive function deficits (605, 606).

Behavioral disorders typically emerge in prodromal
form in the preschool years. Several studies involving
different populations of youngsters with VCFS have
described them as having difficulty with attention/concen-
tration, and atypical thinking (607). They are also with-
drawn and retiring (589, 607), and compared to children
with learning disabilities, less aggressive (589, 608). How-
ever, these internalizing, withdrawn behaviors do not ap-
pear to be related to craniofacial abnormalities. Compared
to a matched control group of children with craniofacial
abnormalities, VCFS children had significantly higher
scores on the internalizing scale of the Achenbach Child
Behavior Checklist and Teacher Rating Scale, as well as sig-
nificantly higher scores on the thought problems, attention
problems, and social problems scales (609).

Bipolar disorder has been reported to occur more fre-
quently in persons with VCFS. Based on a study involving a
structured interview, review of records, and a clinical inter-
view by two research psychiatrists, Papolos et al. concluded
that 64% of an unselected series of children and adults with
VCFS (age range 5 to 34 years) met DSM-III-R diagnostic cri-
teria for bipolar disorder (610). Moreover, they suggested
that homozygosity for the COMT-met allele could predis-
pose to the ultra-ultra or ultradian cycling form of bipolar
disorder (611). Mean age of onset was 12 years standard de-
viation � 3 years. None of the patients in this series met
diagnostic criteria for schizophrenia, and only four had psy-
chotic symptoms which emerged in their 20s or 30s. How-
ever, approaching the association from the other direction—
namely, genotyping patients with bipolar disorder, Lachman
et al. were unable to find any association between bipolar
disorder and the COMT-met polymorphism (612).

Approximately one third of individuals with VCFS also
have Obsessive-Compulsive disorder (OCD). Gothelf
noted that 32.6% of their subjects met diagnostic criteria
for OCD using the YBOCs (613). The disorder appeared
relatively early and responded to fluoxetine. The symptoms
included contamination concerns, somatic preoccupa-
tions, hoarding, repetitive questions and cleaning. Comor-
bid ADHD was present in 37.2% of the subjects in this
series. Psychosis was present in 16.2%.

Difficulty in the realm of social-emotional functioning is
quite prominent in older children and adults with VCFS,
ranging from disorders in the autistic spectrum (590) to a
cognitive/behavioral phenotype reminiscent of nonverbal
learning disorder characterized by delayed motor develop-
ment, Verbal IQ� Performance IQ, coupled with academic
deficits in arithmetic, impaired visuospatial skills, and social
withdrawal and anxiety (589). Some, (55%), of children
with VCFS fit into this diagnostic category. Language is often
more impaired than is typical in most children with nonver-
bal learning disorder. In one study it was noted that even in
persons with VCFS who were of normal intelligence, there

was often a behavioral profile resembling prefrontal dys-
function, characterized by apathy and difficulty with initia-
tion (590).

Individuals with a 22q11 deletion are at particularly
high risk for schizophrenia— as many as 25% may develop
schizophrenia—a rate substantially higher than that of the
general population (0.025%) (614, 615). In fact, only the
offspring of two parents with schizophrenia are at higher
risk (616). Bassett et al. compared a group of patients with
the 22q11.2 deletion to a sample of patients with familial
schizophrenia. The groups did not differ in age of onset,
positive/negative schizophrenic symptom scores, severity
of anxiety-depression or cognitive symptoms. The subjects
with VCFS had more problems with impulse control, un-
cooperativeness, and hostility. These symptoms were not
secondary to mania. The conclusion was that the
schizophrenic phenotype in VCFS is essentially indistin-
guishable from other forms of schizophrenia. However,
there were significant differences in that 75% of the VCFS
group had either congenital cardiac defects and/or palatal
defects, whereas none of the comparison subjects had a
congenital birth defect. A family history of psychosis was
present in only one of the 16 patients with VCFS (6.3%) (a
result of the high rate of spontaneous deletion in VCFS)
compared to 82.6% in the comparison group (565). Al-
though the absence of dysmorphic features cannot be used
to eliminate the possibility of a 22q11 deletion (617, 618),
the presence of dysmorphic features, cardiac abnormalities,
or mental retardation would make the diagnosis of VCFS
well worth considering. In short, at this point in time, a
careful review of developmental, medical and family his-
tory in a person with schizophrenia may be helpful in de-
termining whether genetic testing for VCFS is indicated.

A relatively dense genetic map of single nucleotide poly-
morphisms in the entire 1.5 Mb schizophrenia critical re-
gion on 22q11 was extensively studied by Liu et al. (619,
620). They identified two subregions in this area suggesting
that the 22q11 microdeletion schizophrenia phenotype
might be a contiguous gene syndrome. In the proximal 
� 30 kb segment the only two genes identified at that time
were PRODH2 and DGCR6 and this region appeared to be
associated more closely with childhood and early onset
schizophrenia. In the distal subregion, measuring 80 kb, a
number of genes were identified and appear to contribute
to schizophrenia independently of the timing of onset. In
addition, numerous other genes have been suggested as
possibly involved in schizophrenia, but none have as yet
been consistently shown to be related.

Neuroimaging studies
An overall reduction in total cerebral volume in patients
with VCFS has been reported (621, 622). This is not sur-
prising, given the prevalence of microcephaly in the VCFS
population. In the study by Eliez et al. there was even
greater (9%) reduction in volume when the deletion was
on the paternal chromosome (621). In adults with both
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with both schizophrenia and VCFS the reduction in total
cerebral volume is quite striking. A significant reduction in
cerebellar volume (particularly the vermis) compared to
controls has been noted in most studies (621–624). Eliez
also noted a reduction in the size of the pons and in ver-
mal lobules VI–VII (621). Lynch reported an adult with
VCFS with evidence of cerebellar atrophy of unknown
origin (625). Decreases in frontal and temporal lobe
volumes have also been noted, although this does not
reach statistical significance when corrected for multiple
comparisons (626).

A spectrum of neuromigrational abnormalities has
been described in VCFS ranging from lissencephaly to ab-
normal gyrification (627, 628). Regional anomalies, such
as widening of the sylvian fissure have been reported
(629). Midline abnormalities such as cavum septum pel-
lucidum are more frequent in persons with VCFS than in
controls (622, 623, 626, 630). Anomalies of the septum
pellucidum have been reported in subjects with VCFS
with and without schizophrenia. However, anomalies of
the septum pellucidum are found in subjects with
schizophrenia without the 22q11 deletion, particularly in
schizophrenia of childhood onset (631, 632) and may re-
flect the close embryological and functional relationship
of the septum pellucidum to limbic structures (633). (In
individuals with schizophrenia, an enlarged cavum sep-
tum pellucidum has been associated with reduced vol-
umes of the parahippocampal gyrus) (634). The finding of
other midline anomalies in the VCFS population suggests
that there may be a specific disturbance in the formation
of midline structures (635).

A number of studies have reported decreased white mat-
ter volumes, particularly in the frontal area, and particu-
larly in those with schizophrenia and the VCFS deletion.

White matter hyperintensities and cysts in the vicinity
of the frontal horns have been noted (624, 626).
Van Amelsvoort compared patients with VCFS without
schizophrenia to those with schizophrenia and to a group
of IQ-matched controls who did not meet criteria for psy-
chiatric disorders or conditions that might affect the brain.
The group with schizophrenia and VCFS had a significant
generalized reduction in total brain volume and total white
matter (626). A diffusion tensor imaging study revealed
disruption of white matter connectivity in fronto-temporal-
parietal pathways (636). Deep frontal white matter was re-
duced significantly (by about 23%) in VCFS subjects com-
pared to controls (637). Kates et al. noted that it was not
clear if this was related to a disturbance in myelination or
simply reflected delayed myelination.

The reduced volumes in the frontal area have been asso-
ciated with increased volumes of the caudate nucleus (left
� right) (638). Kates et al. reported increased volume of
the right caudate nucleus in the VCFS group (637). In that
study, the VCFS group did not show the association
between the right caudate and right frontal region which
was present in the controls, providing anatomical support

for the frontostrial dysfunction that is clinically noted in
the VCFS population.

Shashi et al. noted that total area of the corpus callosum
was significantly increased in the group with VCFS, in par-
ticular the isthmus (which includes interhemispheric fibers
from posterior parietal and superior temporal cortex)
(639). In the NIMH study of very early onset schizophre-
nia, increased ventricular volume and increased midbody
area of the corpus callosum was noted in the subjects with
VCFS when compared to persons with non-VCFS child-
hood-onset schizophrenia and healthy controls (640).

Relatively few functional imaging studies have been per-
formed on patients with VCFS. Eliez et al. studied children
with VCFS and controls as they performed a mathematical
computation task and noted increased activation of the left
supramarginal gyrus in children with VCFS compared to
controls which correlated with increased task difficulty
(621, 641).

Management
Children with VCFS pose a challenge to the neurologists
and psychiatrists who are caring for them. In early child-
hood, children with VCFS often require multiple surgical
procedures for congenital heart lesions and/or palatal de-
fects. In addition to the emotional problems often experi-
enced by children who have been subjected to multiple
surgical procedures and hospitalizations at an early age,
they also have multiple neurodevelopmental problems.
Thus, early identification and treatment of any hearing and
speech problems, as well as language impairment requires
sophisticated evaluations. Proactively identifying and help-
ing the child, the child’s parents and teachers to work with
the social-emotional problems that are typically associated
with VCFS is extremely helpful. Being aware of the signifi-
cant psychiatric morbidity that this diagnosis is associated
with can hopefully mitigate some of these problems.

Children with VCFS are likely to be functioning below
the average range and supporting the parents and assisting
in finding appropriate educational settings will be highly
beneficial. Children with VCFS often have strong aptitudes
for music and computers. Educational interventions which
use music and computers often meet with greater success in
reading and math and socially with improvements noted in
self-esteem, motivation, and confidence (642, 643). Suc-
cess is also facilitated when information is presented in
small increments that can be successfully mastered.

Clinicians should be aware of the increased risk of bipo-
lar disorder, schizophrenia, and obsessive-compulsive dis-
order in this population. There are several genes which map
to the VCFS critical region which potentially play a role in
bipolar disorder. One of these genes, PIC4CA, is involved
in the synthesis of phosphatidylinositol 4,5-bisphosphate,
a phosphoinositide that regulates signal transduction and
synaptic vesicle function. Some patients with bipolar disor-
der show an atypical response to lithium, which is a non-
competitive inhibitor in this metabolic pathway. There is a
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suggestion that this gene may be involved in bipolar disor-
der and schizophrenia (582).

Patients with VCFS who have the COMT-met polymor-
phism (with reduced levels of COMT and high levels of cat-
echolamines) may be at high risk for mania, particularly if
treated with psychostimulants. In the case of psychiatric
symptoms that are refractory to more standard psychological
treatment, the possibility that the deletion of the COMT
gene results in high levels of circulating catecholamines
should be considered. The use of alpha-methyl-tyrosine, a
competitive inhibitor of tyrosine hydroxylase, which lowers
the concentration of homovanillic acid, and in turn de-
creases endogenous levels of catecholamines, has been
reported to improve function and have minimal side effects
(644). O’Hanlon described a case in which seizures and hal-
lucinations were controlled with improved cognitive func-
tion (645). Selective serotonin reuptake inhibitors for OCD
have been useful in this population (613). Given the possi-
bility that COMT levels are decreased, and therefore the in-
activation of catecholamines is compromised, concern has
been expressed regarding the use of psychostimulants, the
fear being possibly precipitating or exacerbating mood
disorder or psychotic symptoms. One small-n, 4-week
study reported that treatment with low-dose (0.3mg/kg)
methylphenidate resulted in significant behavioral improve-
ment in patients with VCFS, without any evidence of in-
creased cognitive dysfunction and only mild side effects
(646). However, given the fact that the dose level was rela-
tively low, the treatment of short duration, and the COMT
genotype of the subjects unknown, the results of this study
should be taken with caution. Gothelf et al. have suggested
that some patients with VCFS and schizophrenia respond
poorly to standard neuroleptics (although two of the four
responded to clozapine) (567).

Conclusion

In this chapter we have reviewed the neuropsychiatric fea-
tures of some of the common mental retardation syn-
dromes, and the importance of making a diagnosis not only
on the basis of IQ but also in terms of adaptive functioning.
Given the variability in neuropsychiatric presentation in
mental retardation syndromes as well as the variability in
individuals who carry the same diagnosis, it is important to
be aware of the characteristic neuropsychiatric features as-
sociated with these syndromes while at the same time hav-
ing a diagnostic approach that is sensitive to this variability.
Although the relationships between the genetic factors and
neurobehavioral profile are still incompletely delineated,
there is a burgeoning research literature that will make it
possible to understand more clearly the pathophysiology of
these syndromes and ultimately provide a rational ap-
proach to management. At this point, neuropsychiatric di-
agnosis and management should include a detailed history
and examination that takes into account the medical and
neuropsychiatric features associated with these syndromes

but is flexible enough to evaluate the psychosocial and med-
ical issues of each patient on an individual basis.
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Genetic syndromes, also called dysmorphic-genetic syn-
dromes, are complex conditions characterized by the
association of genetic abnormalities with severe or mild
dysmorphisms, in which staturo-ponderal growth prob-
lems, psychomotor delay, mental retardation, and behav-
ioral disorders are frequent (1,2). Patients presenting these
characteristics are often referred to a specialist in pediatric
neurology or to a child psychiatry unit. Clearly, those oper-
ating in such settings need to possess specific diagnostic
expertise, not only to ensure targeted therapeutic and reha-
bilitative interventions (3), but also to be able to inform
families as to the risk of recurrence (4).

On a causal level, the various genetic syndromes can be
secondary to chromosomal abnormalities, numerical or
structural, or to the mutation of a single gene (5). Fre-
quently, the underlying abnormality is not known and,
without the opportunity for laboratory confirmation, the
diagnosis is based exclusively on clinical data (6). Thus, di-
agnosing these syndromes means following a rigorous
procedure in which the first step is collection of a detailed
history of the family (reconstruction of the family tree must
go back at least three generations) and of the patient him-
self: prenatal, neonatal, physiological, and pathological
(7). This is followed by the clinical investigation, which in-
volves not only neurological examination (including ex-
ploration of intellectual and behavioral aspects), but also
assessment of dysmorphological features; that is, measure-
ment of auxological parameters and careful detection of all
those minor abnormalities (dysmorphisms) that constitute
the gestalt of dysmorphic syndromes (8). It must be
pointed out that the presence of a single minor abnormal-
ity cannot be deemed to have clinical significance; at least
three are needed (9). It is also important to stress that the
collection of photographic evidence is useful for reassess-
ing a patient over time (10).

Once collection of the history is complete, a diagnostic
hypothesis can be formulated, also with the help of special

computerized systems such as the Possum database (11)
and London Dysmorphology (12). These systems are un-
doubtedly important diagnostic aids but they are intended
to be used by experts; that is, by those with specific expertise
in selecting search criteria and in interpreting results (13).

At this point, instrumental investigations can be carried
out, the choice of investigations being guided by the clini-
cal suspicion. Of the various available instrumental tests,
brain magnetic resonance imaging (MRI), to verify the
presence of structural abnormalities of the central nervous
system (14), and an electroencephalogram (EEG) are, in
our view, indispensable. Neurophysiological investigations
(evoked potentials, electromyography) may also be useful
for diagnostic purposes and again must be performed to in-
vestigate a definite clinical suspicion. Similarly, the choice
of tests for the diagnosis of metabolic diseases must be
guided by the patient’s clinical picture (15).

With regard to the more strictly genetic analyses, all pa-
tients with a suspected dysmorphic-genetic syndrome
should undergo standard karyotype analysis at 500-band
level (16). Importantly, given the rapid evolution of cyto-
genetic techniques, it may be deemed opportune to repeat
this analysis if the last one performed dates back more than
5 years (17).

Cytogenetic analyses, such as high-resolution karyotype,
fluorescence in situ hybridization (FISH), and karyotype
analysis of dermal fibroblasts, are indicated only if per-
formed in order to confirm a clinical suspicion (18).

Molecular analysis of DNA or RNA samples, conducted
to identify the gene defect responsible for the disease,
should be performed only to confirm a clinical hypothesis:
the only exception to this is, in our view, molecular analy-
sis for fragile-X syndrome, which is warranted in all cases of
unclassified mental retardation, regardless of the sex of the
patient (17).

The most recent evolutions in molecular cytogenetics
and molecular biology have been directed toward two
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groups of genetic abnormalities: uniparental disomies
and subtelomeric rearrangements. Uniparental disomy is
present when a patient has inherited both copies (or
parts thereof) of a particular chromosome from only one
parent. In addition to patients suspected of having a
clinical condition in which uniparental disomy is a
known feature (Angelman syndrome, Prader-Willi syn-
drome), testing for uniparental disomy is also indicated
in patients presenting association of mental retardation,
dysmorphisms and growth delay (pre- or postnatal) of
unknown etiology (17).

According to the most recent data, subtelomeric rear-
rangements are responsible for around 5% of cases of men-
tal retardation (19). Screening for these rearrangements is
indicated in the presence of several factors: family history
of mental retardation, intrauterine growth delay, postnatal
growth abnormalities (excessive or deficient growth), at
least two facial dysmorphisms, one or more nonfacial dys-
morphism and/or congenital malformations (19).

Recently a new technique, called microarray-based
comparative genomic hybridization (array CGH) has been
introduced, enabling analysis of the whole genome in a
single experiment. It can be used for the screening of
known submicroscopic aberrations in human genetic dis-
eases, but is also suitable for identification of yet unidenti-
fied abnormalities (20).

Let us now consider the dysmorphic-genetic syndromes
most frequently encountered by the pediatric neurologist.

FRAGILE-X SYNDROME

Fragile-X syndrome is the most frequent inherited cause of
mental retardation: its prevalence has been estimated at
around 1/2,000–1/3,000. The syndrome is caused by a mu-
tation of the FMR1 (Fragile-X mental retardation 1) gene
on chromosome X (X q27.3). The mutation is associated
with expansion CGG repeats, which determines a deficit of
FMR1-protein (21). FMR1 is, to date, the only gene known
to be associated with fragile-X syndrome. Genetic tests for
mutation of the gene generally focus on the number of
CGG repeats, and the FMR1 alleles are usually categorized
according to this number:

(a) Normal alleles: the number of repeats ranges from 5 to
44: normal alleles are transmitted without modifica-
tion of the number of repeats

(b) Intermediate alleles: the number of repeats ranges
from 45 to 58: transmission of intermediate alleles can
(occasionally) result in slight modification of the num-
ber of repeats

(c) Premutation alleles: the number of repeats ranges from
59 to 200: females in this group are considered to be at
risk of having affected offspring, due to a potential
expansion of the number of repeats

(d) Full mutation alleles: over 200 repeats (22).

Fragile-X syndrome shows a clear genotype-phenotype
correlation. In male full mutation patients (hemizygotes),
the prepubertal clinical picture is characterized by psy-
chomotor retardation, prevalently affecting language, and
by craniofacial dysmorphisms: long face, prominent fore-
head, large or prominent ears, prognathism. Mental retar-
dation is moderate (IQ 30–50). It is often associated with
behavioral disorders: hypersensitivity to sensory stimuli,
hyperactivity, stereotyped movements (hand flapping,
hand biting), gaze avoidance, social anxiety. Some patients
present some or all the symptoms of autism: Rogers et al
(23), investigating a series of 27 fragile-X children, found
that 8% fulfilled the diagnostic criteria for autism. On the
other hand, the incidence of fragile-X syndrome in autistic
patients has been reported, in different studies, to be be-
tween 2.5 and 6%. Although some of the symptoms appear
very reminiscent of autism, one important behavioral dif-
ference does in fact separate these two groups of children:
the ability of fragile-X children to recognize human facial
expressions of emotion (an ability severely impaired in
autistic children) has been shown to be comparable to that
of the general population. This explains the tendency of the
fragile-X child to maintain an adequate preferential rela-
tionship with his main caregivers.

Epileptic seizures are present in around 20% of patients
(24): typically these have onset in early infancy, with chil-
dren presenting generalized tonic-clonic, absence, partial
motor, and temporal lobe seizures. The seizures generally
respond to common antiepileptic medication and they oc-
cur less and less frequently over time, usually disappearing
in adolescence (even though they can occasionally persist
until adulthood). The main postpubertal phenotypic char-
acteristics are macrocrania, strabismus, prognathism,
macroorchidism, joint hyperextensibility, subluxation of
the thumb, flat foot. The cognitive deficit persists and, from
the behavioural point of view, it is possible to observe an
increase of the hyperactivity and social anxiety, and onset
of obsessive-compulsive disorder and, in the most severe
cases, psychotic symptoms (25). Mitral valve prolapse has
been observed in 50% of adult patients.

Female full mutation patients (heterozygotes) show
similar (but less severe) physical and behavioral character-
istics (26). Premutation patients generally have a normal
appearance and normal intelligence. Some may present
slight cognitive or behavioral disorders, learning difficulty
and social anxiety.

Female premutation carriers can have a premature
menopause, while a late-onset ataxic syndrome with
tremor has been reported in premutation male carriers
(27). Brain MRI can reveal cerebellar vermis hypoplasia
and, more rarely, malformations of other areas: enlarged
hippocampus, caudate nucleus and thalamus (28).

Finally, another condition, characterized by less severe
mental delay and by less marked somatic traits, has been
described in males with expansion of CCG repeats in the
FRAXE fragile site (clearly distinct from FRAXA, the fragile
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site associated with the more common fragile-X syndrome)
in the FMR2 gene. Given that mutations in FRAXE are far
less common, routine testing for them in subjects with
mental retardation is not deemed opportune. (29)

ANGELMAN SYNDROME

Angelman syndrome is a disease associated with a chromo-
some 15 (15q11–13) abnormality. In most cases this
abnormality is a deletion of the maternal derived chromo-
some, while in 3 to 5% it is a paternal uniparental disomy
(i.e., both the alleles of that specific location on chromo-
some 15 have been inherited from the father). In 4 to 6% of
cases it is due to an imprinting center defect or to a defect of
the E6-P ubiquitin-protein ligase (UBE3A) gene (30). The
region 15q11–13 contains the genes for the subunits �3, �5
and �3 of the receptor of the main inhibitory neurotrans-
mitter system, gamma-aminobutyric acid type-A receptor
(GABA(A)R.) (31). A link between the �3 subunit gene and
susceptibility to autism has recently been suggested (32). In
20% of cases, no genetic abnormality is demonstrated and
the diagnosis remains clinical. The prevalence of the disease
is estimated at around 1/12,000. From a clinical point of
view (33), patients present severe psychomotor retardation
and gait ataxia: gait is stiff, extremely hesitant, and irregular.
Impairment of language, mainly expressive language, is
again a feature: nonverbal performances can vary widely;
some children are able to learn sign language and to use al-
ternative methods of communication. A frank behavioral
disorder constitutes another constant feature: these children
have been dubbed “happy puppets” on account of their
manner; they are typically cheerful, excitable, hyperactive
and inattentive, a profile associated with stereotyped “hand
fluttering” movements. More than 80% of patients also pre-
sent acquired microcephaly, epilepsy and a characteristic
EEG pattern (high-amplitude slow-wave activities promi-
nent in the frontal region and spike-and-slow-wave multi-
focal activity prominent in occipitofrontal areas). Epileptic
seizures generally have onset after the first year of life, usu-
ally after the age of three years. Patients with the deletion
may present drug-resistant epilepsy, characterized by atypi-
cal absence or myoclonic seizures (34). Brain MRI generally
confirms the finding of microcephaly, but fails to reveal
other abnormalities, with the exception of mild cortical at-
rophy, mild ventriculomegaly, and thin corpus callosum.
Other findings occasionally described include cerebellar
hypoplasia, unilateral temporal lobe hypoplasia, and ver-
mian cysts (33).

Less common signs (20 to 80% of cases) include flat oc-
ciput, strabismus, macrostomia, widely spaced teeth,
prominent jaw and hypopigmentation of skin and eyes.

From a behavioral point of view, these subjects display
hypersensitivity to heat, attraction to water, and a sleep
disorder characterized by reduced need for sleep and al-
tered sleep-wake rhythms. Some behavioral aspects of the

syndrome fulfill perfectly two of the DSM-IV classification’s
three essential criteria for autism: stereotyped behaviors
and absence of language (35). Social interaction appears to
be relatively conserved in these children, and they seek re-
lationships with others. Williams et al. (36), in a report on
the differential diagnosis of the syndrome, maintains that
children with a clinical diagnosis of Angelman syndrome
who give negative results in genetic laboratory tests for the
four known types of genetic anomaly must be considered
affected by a pervasive developmental disorder not other-
wise specified (PDD NOS), in accordance with the criteria
of the DSM-IV. Longitudinal evaluation of these children in
fact revealed that the phenotypic characteristics of the syn-
drome became less clearly defined over the years, while the
opposite was true of the behavioral disorder.

WILLIAMS SYNDROME

Williams syndrome is due to a submicroscopic deletion of
a segment of chromosome 7 (7q11.23): the deleted region
spans approximately 1.5 megabases and 14 genes have been
mapped to it. Many of the syndrome’s clinical manifesta-
tions are caused by the deletion of the elastin (ELN) gene,
which results in abnormal elastin production and thus con-
nective tissue alterations (37). LIM kinase 1 (LIMK1), a gene
contiguous to ELN, is the second gene recognized as impli-
cated in the syndrome. In particular, the cognitive profile of
the syndrome seems to be attributable to the deletion of
LIMK1: the gene is expressed at brain level and could be in-
volved in the development of the neural pathways respon-
sible for visuospatial integration. The true prevalence of the
syndrome is not known, although it is estimated to be be-
tween 1/10,000 and 1/20,000. Clinical diagnosis is made
on the basis of the presence of a characteristic pattern of fa-
cial dysmorphisms, mental retardation, short stature, con-
nective tissue abnormalities, a distinctive cognitive profile
and typical behavioral phenotype. The facial characteristics
are distinctive: younger children present a broad forehead
with bitemporal narrowing bilaterally, periorbital edema,
stellate iris, strabismus, low-set nasal root, bulbous nasal
tip, flattened cheekbones, prominent earlobes, long
philtrum, wide mouth and full lips, patho-occlusion with
small widely-spaced teeth, and micrognathia. In older chil-
dren and adults, there are other distinctive features (promi-
nent supraorbital ridge, narrowing of the nasal root and
long neck) and the face has, overall, a less chubby appear-
ance. The main connective tissue abnormality is a cardio-
vascular alteration, in most cases supravalvular aortic steno-
sis; other possible findings include vesical or intestinal
diverticula, hernias, joint laxity, phonation disorder (i.e.,
deep voice), and loose skin. The earliest reports consistently
described idiopathic hypercalcemia, but this is actually
documented in only 15% of cases.

From the neurological viewpoint, hypotonia is a com-
mon early sign, which can be followed at a later stage by
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limb hypertonia and hyperreflexia. Brain MRI can reveal re-
duced cerebral volume, while the cerebellum is normal
size; it is even possible to observe hyperplasia of the cere-
bellar vermis lobules VI-VII and VIII-X (38); sporadic cases
of associated Chiari I malformation (39) and of cere-
brovascular accidents attributable to multiple intracranial
arterial stenoses (40) have also been reported. We de-
scribed a personal case of Williams syndrome with oly-
gogyric microcephaly (41).

Most affected subjects present mental retardation rang-
ing from severe to mild (the latter being relatively more fre-
quent). The cognitive phenotype is extremely distinctive
(42): in intelligence scales, high scores are recorded on the
verbal subtests, exceeding IQ-based expectations, good
scores on the sentence repetition memory tests, and lower-
than-expected scores on the nonverbal tests; there also
emerges a significant impairment of visuospatial organiza-
tion and integration (43). Writing and drawing skills are
found to be significantly impaired, as is the ability to re-
construct models. Since visuomotor skills are processed by
the occipital-parietal visual pathway, it is possible, in this
syndrome, to hypothesize gene involvement in the devel-
opment of this neural circuit. Conversely, visuoperceptual
abilities, processed by the occipital-temporal pathway, are
relatively spared (44).

The behavioral profile is distinctive: a high percentage of
cases present an attention disorder which may or may not
be associated with hyperactivity (45) and an excessively so-
ciable and friendly attitude to strangers. Compared with
other children of similar intelligence, the incidence of be-
havioral problems (such as anxiety, worry, attention
deficit) in these subjects is high; they also show impaired
capacity for autonomy.

VELO-CARDIO-FACIAL SYNDROME

This syndrome, which shows marked phenotypic variabil-
ity, is caused by a microdeletion of Chr 22q 11.2, and char-
acterized by involvement of the face, palate and heart, as
well as possible involvement of other organs (46). Its
prevalence is difficult to establish, partly because the con-
dition has been called by different names (DiGeorge se-
quence, CATCH 22, Shprintzen syndrome); nevertheless,
its prevalence is estimated to be around 1/4,000. Although
more than 150 clinical characteristics have been reported in
connection with this syndrome, none has been found to be
present in 100% of the cases and thus pathognomic; but
several characteristics do give rise to clinical suspicion: in
particular, in small children, the association of palatoschi-
sis with conotruncal cardiac defects. The most common
cardiac malformations are alterations of the aortic arch,
ventricular septal defects, pulmonary atresia or stenosis,
and tetralogy of Fallot. The suspicion becomes stronger if
these signs are associated with other malformations such as
facial asymmetry, hypocalcemia, equinus foot, laryngoma-

lacia, inguinal or umbilical hernias, and hypospadia. Later
on, the clinical phenotype becomes even more evident,
thanks in particular to the appearance of the classic behav-
ioral and personality traits. Mental delay is found in only a
minority of patients, and IQ is generally borderline or
slightly below normal. Children initially present psy-
chomotor retardation, but good recovery around the age of
four years. A language delay is also present, attributable in
part to the phonation and articulation problems caused by
the malformations. The psychiatric disorders evident in the
affected adult are preceded by prodromes in childhood: at-
tention deficit with hyperactivity, obsessive-compulsive
disorder, dysthymia and cyclothymia. Bipolar disorder and
schizophrenia have also been reported in adults and in gen-
eral it is estimated that around 20% of affected subjects pre-
sent psychosis in adulthood. In a recent study (47), brain
MR investigations in patients affected by the syndrome
have revealed structural abnormalities in the temporal and
temporomesial regions also involved in schizophrenia. It is
thus suggested that the effects of deletion 22q11.2 and the
complex pathogenetic alterations underlying schizophre-
nia share a common etiology.

From the neurological point of view, epileptic seizures
can present even as an early manifestation of the syndrome,
generally symptomatic of hypocalcemia, stroke or cortical
atrophy; febrile convulsions are also common. Other com-
mon neurological signs are chronic lower limb pain and
nocturnal leg cramps; tethered cord has been found in
some cases, while equinus-varus deformity of the foot is
present in around 10%.

SMITH-MAGENIS SYNDROME

Smith-Magenis syndrome is due to an interstitial deletion
of the short arm of chromosome 17 (17p11.2); its preva-
lence is estimated to be around 1/25,000. The symptomatic
phenotype varies with age: in infancy (0–3 years), facial
dysmorphisms are very mild, the face having a characteris-
tic “cherubic” appearance, with full, prominent cheeks,
upslanting palpebral fissures, depressed nasal root, and mi-
crognathia (48). The shape of the mouth is very distinctive,
with a “Cupid’s bow” upper lip and pronounced philtrum.
In childhood (3–10 years), the facial traits become coarser
and “Down’s-like” owing to hypotonic facial muscles,
brachycephaly, flattened face, and short broad nose. After
the age of 10 years, the facial traits become even more dis-
tinctive: facial hypoplasia and a wide, prognathic jaw (49).
The cognitive phenotype is characterized by mental retar-
dation of extremely variable degree: patients with border-
line IQ have been reported, but also ones with very low IQ.
As regards to language, impairment of expressive language
predominates. The behavioral phenotype is very distinc-
tive: maladaptive disorders are reported, such as self-harm,
impulsivity, rage attacks, and onychotillomania. These
are also associated with stereotyped behaviors: the self-

190 Section II: Neuropsychiatric Aspects of Psychiatric and Behavioral Disorders of Children and Adolescents

75191_ch09.qxd  9/13/05  23:34  Page 190



hugging phenomenon is common, but these subjects can
also present body rocking and object spinning. Udwin et al.
(50), studying 50 patients, and Willekens et al. (51), study-
ing a sample of just 3, both encountered very clinging and
dependent behaviors, toward both family members and
strangers: this finding allows this syndrome to be distin-
guished from classic autism.

Epileptic seizures are present in 10 to 30% of cases,
while EEG abnormalities in the absence of seizures are re-
ported in around 20%. In 75% of cases, there are clinical
signs of peripheral neuropathy: anatomical-pathological
studies highlight a picture of segmental demyelination and
remyelination similar to that found in hereditary Carchot-
Marie-Tooth 1A (CMT1A) neuropathy, although the
PMP22 mutation typical of CMT1A is not found in patients
with Smith-Magenis syndrome. Brain MRI can reveal cere-
bral malformations: ventriculomegaly, mega cisterna
magna, cerebellar vermis hypoplasia (49).

CHROMOSOME 15 INVERSION-
DUPLICATION SYNDROME

Chromosome 15 inversion-duplication (inv-dup 15) syn-
drome is a genetic condition that can, in most cases, be di-
agnosed with standard karyotype analysis. The syndrome is
characterized by psychomotor retardation, ranging from
mild to severe, hypotonia, and ataxia and dyspraxia. Many
affected subjects are epileptic, presenting generalized my-
oclonic or atonic seizures, or focal seizures. These patients
show a measure of resistance to antiepileptic drug therapy.
Not all patients have epileptic seizures, but even those who
do not present them typically have an electroencephalo-
gram showing diffuse rapid activity and focal paroxysms bi-
laterally (52). These patients are also characterized by mild
facial dysmorphisms: flat nasal root with upslanting nos-
trils, downslanting palpebral fissues, migrognathia, low-set
ears, and flat occiput. These patients typically show an
autistic-like behavioral phenotype. A recent study (53) ex-
amined six patients with inv-dup 15 syndrome: two ful-
filled the diagnostic criteria for classic autism, while the
other four were diagnosed with PDD NOS in accordance
with the DSM-IV criteria. These patients indeed presented
severe impairment of social interaction and communica-
tion, but no repetitive or stereotyped behaviors were either
reported or observed. Brain MRI in these patients generally
gave normal findings, even though there exist sporadic re-
ports of mild cerebral atrophy (53).

OTHER SYNDROMES

We will now describe some of the peculiar characteristics of
syndromes sometimes brought to the attention of pediatric
neurologists due to the presence of neurological, cognitive,
and behavioral signs: Rett syndrome, which the DSM-IV

classifies under Pervasive Developmental Disorders, and
the syndromes of Turner, Sotos, Cohen, and Noonan.

Rett syndrome is a genetic condition associated with var-
ious mutations of the MECP2 gene on chromosome X. The
syndrome has an estimated prevalence of 1/10,000, and
typically (but not exclusively) affects females, who, in the
classic form, present a typically autistic phenotype (54).
These patients’ most striking phenotypic characteristic is
their gentle gaze and dreamy expression. Their laughter is
distinctive, typically having a circadian pattern of manifes-
tation and occurring prevalently in the evening, which
contrasts with the laughter in patients with Angelman syn-
drome in whom it is practically constant (throughout the
day). In classic Rett syndrome, language is absent, but there
exists a variant form in which patients do acquire, over
time, the ability to produce simple or even more structured
sentences; this growing ability being accompanied by a re-
duction in their stereotyped hand movements (55).

Turner syndrome, which has a prevalence of 1/5,000, is
due to the loss of part or all of the second X chromosome
(45X0), frequently accompanied by cell-line mosaicism.
Features of the syndrome are: low birthweight, neonatal
lymphoedema of the extremities, low stature, pterygium
colli, broad chest, valgus deformity of the upper limbs, car-
diac malformations (bicuspid aortic valve, mitral valve
prolapse, coarctation of the aorta), kidney malformations,
primary amenorrhoea and sterility. IQ is generally normal,
although visuospatial organization difficulties have been
reported. Brain MRI gives normal findings (56).

Sotos syndrome (prevalence 1/100,000) is characterized
by accelerated somatic growth, which is most marked in the
first five years of life. Children affected by Sotos syndrome
present dolichocephaly and macrocephaly, frontal bossing,
high forehead, downslanting palpebral fissures and prog-
nathism. Bone age is typically, although not necessarily,
higher than chronological age. Patients can be cognitively
normal or present an intellectual impairment of varying de-
gree (ranging from mild to severe). From the behavioral
point of view, they can present phobic traits, sleep disor-
ders, hyperphagia, and aggressiveness. Morrow et al. (57)
described an autistic disorder in a child with Sotos syn-
drome. Around 50% of patients present a genetic abnor-
mality (deletion or intragenic mutation) of the long arm of
chromosome 5 (5q35). The neuroradiological findings in-
clude ventriculomegaly and midline defects (hypoplasia of
the corpus callosum) (58).

Howlin (59) found a diagnosis of autism in 19 out of 33
patients affected by Cohen syndrome, a condition charac-
terized by low birthweight, microcephaly and psychomo-
tor retardation of varying degree (ranging from mild to
severe). The prevalence of Cohen syndrome is 1/100,000.
Patients present maxillary hypoplasia, large ears, promi-
nent upper incisors, tapered fingers, trunk obesity and sco-
liosis. They may also present neutropenia and chorioretinal
dystrophy or optic atrophy. The syndrome is caused by a
mutation in the COH1 gene on chromosome 8 (8q22).
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Central nervous system abnormalities are not generally re-
ported, even though a case with focal polymicrogyria was
recently described (60).

Another frequent syndrome is Noonan’s syndrome.
Known to have a prevalence 1/2,000, it is characterized by
short stature, pterygium colli, epicanthic folds, low-set
and malformed ears, micrognathia, and association, in
50% to 80% of cases, with congenital cardiopathy (fre-
quently pulmonary stensosis). Patients are cognitively
normal, or may present a mild-moderate cognitive deficit.
Behavioral disorders include sleep disorder and aggres-
siveness, anxiety, and an association with autism has also
been described (61). Fifty percent of cases present a mis-
sense mutation of the PTPN11 gene on chromosome 12
(12q24.1). From the neuroradiological point of view, the
syndrome may present associations with syringomyelia,
Chiari I malformation, Dandy-Walker syndrome, and
arteriovenous malformations.
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The autistic spectrum disorders and childhood-onset
schizophrenia are complex disabling neuropsychiatry
disorders. Children with schizophrenia share some symp-
toms with, and may be mistaken for, children who suffer
from autistic spectrum disorders, which are more com-
mon. The pervasive and disabling symptoms associated
with these disorders typically necessitate lifelong special-
ized educational, family, and adult services which cost bil-
lions of dollars each year. Early identification and effective
interventions can potentially reduce human suffering and
costs with the potential of significantly improved func-
tioning and personal independence for individuals with
these disorders. As will be discussed in this chapter, recent
studies have identified a number of brain development
abnormalities and genetic factors associated with these
disorders.

Childhood-onset schizophrenia (COS) has been recog-
nized since before the time of Kraeplin (1). It is a rare but
disabling condition. Both Kanner (2) and Asperger (3) in-
dependently provided the first accounts of autism, describ-
ing children with a “disturbance of contact,” unusual com-
munication skills, and movement stereotypes, with an
onset of symptoms before age three. Despite the notice
paid to Kanner’s landmark paper, autistic disorder was not
formally distinguished from COS for many years. In the

DSM-II (4), the diagnosis of childhood-onset schizophre-
nia included all psychiatric disorders in children as well as
autistic disorder. Autistic disorder and childhood-onset
schizophrenia were separately classified with the publica-
tion of the DSM-III (5) after studies made it clear that the
symptoms of childhood schizophrenia are much more
similar to those of adult-onset schizophrenia than autistic
disorder (6, 7). The history of the concept of COS has been
reviewed in more detail elsewhere (e.g., 1, 8, 9).

AUTISTIC SPECTRUM DISORDERS

In the past, autism was viewed as a very rare disorder (esti-
mated 4 to 5 per 10,000 births). Autism is now more com-
monly seen as part of a spectrum of disorders with sig-
nificant social deficits and the presence of repetitive
behaviors and restricted interests (10–12). Variations in
severity, particularly with regard to a history of early lan-
guage delays and degree of communication difficulties, are
the primary differences in the criteria for the autistic spec-
trum disorders, which include Autistic Disorder, Asperger’s
Disorder, and Pervasive Developmental Disorder-NOS
(PDD-NOS) and which are included as pervasive develop-
mental disorders in DSM-IV-TR (13).
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Recent epidemiological studies suggest that the preva-
lence of autistic spectrum disorders is approximately 60 per
10,000, while the prevalence of Autistic Disorder specifi-
cally is estimated to be 8 to 30 per 10,000 (14–17). From a
clinical and service perspective, there are many more chil-
dren identified with “autism” today than 10 or 20 years
ago. This increased rate of referrals has led parents, clini-
cians, researchers, and the public to question a possible
“epidemic” of autism. Although recent epidemiological
studies have generally been in agreement regarding the best
estimate for the prevalence of autism and related disorders
(15), the precise estimate is difficult to determine due to
changing definitions of the disorders and differences in sur-
vey methodology (e.g., studies using multiple sources of as-
certainment and direct diagnostic procedures yield higher
rates). The National Center on Birth Defects and Develop-
mental Disabilities (a division of the Centers for Disease
Control and Prevention) is developing a surveillance sys-
tem which will ultimately provide more reliable epidemio-
logical data (18).

Diagnosis and Appropriate Assessment
Strategies

The DSM-IV-TR (13) criteria for autistic disorder require
that the individual exhibits six (or more) symptoms, with
at least two in the area of social interaction (e.g., impaired
use of nonverbal behaviors to regulate social interaction,
such as eye-to-eye gaze or gestures; failure to develop peer
relationships appropriate to developmental level), one in
the area of communication (e.g., delay in the development
of language; impaired ability to initiate or sustain conver-
sation), and one in the area of restricted repetitive and
stereotyped patterns of behavior (e.g., motor mannerisms;
restricted interests; inflexible adherence to routines). Prior
to age 3, the child must have exhibited abnormal function-
ing in social interaction, language as used for social com-
munication, or symbolic/imaginative play. Lower func-
tioning and younger individuals tend to be more aloof in
social interactions (such as those described by Kanner),
while higher functioning and older individuals are more
likely to be described as passive or odd (19). Autistic disor-
der is more common in males than females (approximately
4:1) and the majority of individuals have Intelligence Quo-
tient (IQ) and adaptive behavior skills that fall in the men-
tally retarded range (IQ �70).

The diagnosis of PDD-NOS (or “atypical autism”) is
used with those individuals who do not meet criteria for
autistic disorder but exhibit at least two symptoms in the
area of social interaction and one in the area of communi-
cation or one in the area of restricted repetitive and stereo-
typed patterns of behavior. This diagnosis is often used to
describe very young children who appear to have autism.
As children get older, it does appear to be a fitting descrip-
tion for children with the social deficits common to Autis-
tic Disorder and Asperger’s Disorder but who have fewer

repetitive behaviors, or high functioning children with
early language delay or mild cognitive impairment (20).

The DSM-IV criteria for Asperger’s Disorder require that
the individual does not meet criteria for Autistic Disorder
but exhibits at least two symptoms in the area of social in-
teraction and one in the area of restricted repetitive and
stereotyped patterns of behavior. Additional requirements
are that the individual did not exhibit significant delays in
language (i.e., single words used by age 2 years, commu-
nicative phrases used by age 3 years) and does not have de-
layed cognitive skills. If strict DSM-IV-TR criteria are applied,
a diagnosis of Asperger’s disorder becomes unlikely (21–24).
This issue has led researchers and clinicians to adopt the
term Asperger syndrome to distinguish those individuals who
share many of the features of autism but who had relative
preservation of language and cognitive abilities early in life.
The direct clinical or educational benefits of this distinction
from “high functioning autism” are not yet clear (25–27).
Most individuals with Asperger syndrome are not identified
with significant difficulties until after age 3, most commonly
after having attended school (28). While formal language
skills are normal and may develop early, individuals with As-
perger syndrome have more difficulty understanding the nu-
ances of language and the use of language in social interac-
tions (“pragmatics”). These children typically appear to want
to interact with others but tend to do so in odd, unusual,
awkward, and inappropriate ways. Most of these individuals
are highly verbal and have a tendency to become very inter-
ested in and preoccupied with particular subjects, which can
interfere with other activities and social relationships. They
are often less anxious when they can adhere to specific rou-
tines and may have difficulty with change.

The American Academy of Neurology and the Child
Neurology Society have jointly developed a guideline on
screening and diagnosis for autism (29). Based upon the
empirical evidence, the guideline gives specific recommen-
dations for a dual process:

1. Routine developmental surveillance screening specifi-
cally for autism should be performed (using recom-
mended instruments) on all children to identify those at
risk for any type of atypical development (especially sib-
lings of children with autism), and to identify those
specifically at risk for autism:
a) screening (with either the CHAT (30) or the Social

Communication Questionnaire (31) specifically for
autism should be performed on all children failing
routine developmental surveillance.

b) recommended laboratory investigations for any
child with developmental delay or autism should in-
clude audiologic assessment and lead screening.

2. Specific assessments should be performed to diagnose
and evaluate autism, including genetic testing (e.g.,
karotype and DNA analysis for fragile X) and selective
metabolic testing as indicated by clinical findings. Rou-
tine clinical brain imaging is not recommended (even in
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the presence of megalencephaly) and EEG should be re-
served for patients with a regression (see below) or pos-
sible seizures. There is inadequate evidence supporting
other laboratory studies.

Much progress has been made in the early identification
of children with autism so that most children today are
identified during the preschool period (29, 32–34). Earlier
identification is related to improvements in the recognition
of the early features of autism among primary health care
providers and other professionals who interact with very
young children, as well as the development of appropriate
screening tools (16, 35, 36). Research has demonstrated
that the use of standardized test instruments by experienced
clinicians results in a relatively stable early diagnosis in chil-
dren as young as two years (37). Another apparent reason
behind the decrease in the age of referral and diagnosis for
autism is due to a general consensus that appropriately tar-
geted early intervention improves outcome (38).

While the National Research Council’s Committee on
Educational Interventions for Children with Autism rec-
ommended that early diagnosis should be emphasized,
children under the age of four who appear to have an ASD
should be considered to have a “provisional diagnosis”
(38, 39). Although a clinical diagnosis of autism is often
sensitive and stable over time in children, stability in-
creases when a spectrum approach is used (37, 40, 41).
That is, a proportion of the children identified with possi-
ble autism before age three years may not meet criteria for
DSM-IV-TR Autistic Disorder at later follow-up but are
highly likely to meet criteria for PDD-NOS, a less severe
form of autism. Alternatively, a proportion of children un-
der the age of three who do not meet criteria for autism on
a standardized parent report measure, such as the Autism
Diagnostic Interview-Revised (ADI-R (42)) may nonethe-
less receive a clinical diagnosis of Autistic Disorder at a later
follow-up (37, 40, 41). Studies of young children have
demonstrated that the use of a standardized observation of
social and communicative behavior and play, such as the
Autism Diagnostic Observation Schedule (ADOS: WPS Edi-
tion; 43, 44), may be more sensitive and stable over time
than a standardized parent report measure alone. It is also
important to note that very young children with ASD may
not show significant evidence of repetitive and stereotyped
behaviors and restricted patterns of interest, as required to
meet the cutoff for autism on the ADI-R or to meet DSM-
IV-TR criteria. In one study of two-year-olds suspected of
having autism, use of instruments that relied on the clini-
cian’s ratings of the child, instead of the ADI-R alone, al-
lowed for the inclusion of children who appeared to meet
the social and communication criteria for autism but did
not yet show significant evidence of restricted or repetitive
behaviors (45). A follow-up assessment confirmed the di-
agnosis of autism in the vast majority of these children. At
the earliest ages, experienced clinical judgment using infor-
mation from a variety of sources is more reliable for deter-

mination of diagnosis than the use of standard assessment
instruments alone (14, 33, 37).

Although impairments in social interaction, communi-
cation, and a restricted repertoire of interests, behaviors,
and activities are core domains in ASD, there are several ad-
ditional domains that can be affected and influence the
manifestation of the disability. It is therefore often recom-
mended that an evaluation for ASD should include a formal
multidisciplinary evaluation of social behavior, language
and nonverbal communication, adaptive behavior, motor
skills, atypical behaviors, and cognitive status by a team of
professionals experienced with autistic spectrum disorders
(29, 33, 38, 46). This evaluation will typically include an ex-
perienced clinical psychologist or school psychologist, a
speech/language pathologist, and an occupational thera-
pist. A complete physical examination is critical to rule out
any other possible explanations for delayed and abnormal
behavior. Many children with ASD experience difficulties
with fine motor coordination, low muscle tone, behavior
control and aggression, and/or the presence of a seizure dis-
order, warranting a consultation with an experienced pedi-
atric neurologist or child psychiatrist (29).

Both the ADI-R and the ADOS operationally define cur-
rent DSM-IV and ICD-10 criteria, and quantify separately
the three domains that define autistic spectrum disorders:
social reciprocity, communication, and restricted, repetitive
behaviors and interests. The ADI-R is a semi-structured in-
terview that is conducted with the parents or primary care-
giver and is designed to elicit a full range of information
needed to produce a diagnosis of autism or an autistic spec-
trum diagnosis (42, 47). The assessed individuals can be of
any age, as long as their mental abilities are at a develop-
mental level of at least 24 months. Diagnostic decisions are
based on algorithm items. The ADOS is a standardized ob-
servation of social behavior in naturalistic and communica-
tive contexts, with different modules and tasks for children
of different ages and language levels (43, 44, 48, 49). The
ADOS yields scores that fall within a range from autism to
autism spectrum disorder, and so may be particularly help-
ful with difficult to diagnose cases. Inter–rater and
test–retest reliability as well as internal validity have been
demonstrated for both instruments and they, and their
previous versions, have been widely used in research and in
academic centers for about 15 years. The authors of the ADI-
R and ADOS originally intended that experienced clinicians
would use them after obtaining training in their use and
achieving administration and scoring reliability.

The Gilliam Autism Rating Scale (GARS; 50) is another
standardized instrument that can be used to assist in diag-
nosis. The GARS appears to have limited use for diagnostic
purposes and appears to be better used as a screening de-
vice. The child’s primary caregiver or teacher can complete
the GARS. Screening questionnaires were never intended to
be a diagnostic gold standard, particularly for low base rate
disorders (51). The Social Communication Questionnaire
(SCQ; 31) is a brief instrument that helps evaluate
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communication skills and social functioning in children
who may have autism. This instrument, formerly known as
the Autism Screening Questionnaire, has good discrimina-
tive validity with respect to the separation of ASD from
non-ASD diagnoses at all IQ levels (52, 53). It can be used
with any individual over 4 (with a mental age exceeding 2
years of age). An experienced professional rates the child’s
behavior on the GARS (54), which requires direct observa-
tion of the child but does not provide guidelines on a stan-
dardized method of observation. The GARS has fair agree-
ment with the ADI-R (55). Some argue that the GARS may
be best used as a screening measure (46).

Neuropsychological Findings and Theories

Although the majority of children with autistic disorder are
mentally retarded, this is less often the case when one looks
across children with diagnoses in the autistic spectrum
(16). By definition, individuals with Asperger syndrome
have intellectual abilities that are within the average range.
Some individuals may have IQs that fall in the superior
range and yet they have significant social disability. It is
thought that while children with ASD are able to perform a
variety of tasks, they may do so in ways different from typ-
ically developing children.

Neuropsychological studies have demonstrated that in-
dividuals with autism are able to perform certain types of
tasks better than others. Using standardized intelligence
tests, such as the Wechsler Intelligence Test for Children
(56, 57), children with autism were reported to perform
better on tests of visual pattern matching and rote auditory
memory and more poorly on tests of commonsense social
reasoning (58, 59). However, more recent studies suggest
that a variety of profiles exist, such that some children may
have more even nonverbal and verbal skills and some may
perform better on verbal tests compared to nonverbal tests
(60). Older children with nonverbal skills that are signif-
icantly higher than their verbal skills tend to have more
social difficulties.

It appears that individuals with autism tend to disregard
context and use this to their advantage on certain types of
cognitive tests and in certain situations. This is in contrast
to individuals with less formal schooling, who tend to
perform poorly on tests with relatively little context (61).
Even less able children with autism may have remarkable
rote memory skills. The difficulty is that they are not able to
use these skills to extract meaning as needed for learning
important skills and procedures. This difficulty has been
termed weak central coherence (61).

It is important to note that while ASD is typically asso-
ciated with developmental delays and even mental retarda-
tion, the social deficits distinguish this disorder from more
general cases of learning disability or mental retardation.
Reciprocal social skills develop early in life and contribute
to the development of a variety of cognitive skills, particu-
larly language. Individuals with ASD appear to have early

difficulties in understanding the mental states of other in-
dividuals, specifically that others have a mind capable of
understanding things the same way they do. This ability has
been termed theory of mind (62) or mentalizing (61). In the
time since first described by Simon Baron-Cohen and col-
leagues as a deficit in autism, many studies have replicated
this finding. However, while individuals with ASD are sig-
nificantly delayed in mentalizing, they are not incapable of
acquiring knowledge about mental states. Difficulties with
mentalizing may explain why young children with autism
typically do not appear interested in sharing things that in-
terest them with others or respond infrequently when oth-
ers try to attract their attention to things of interest. As they
develop, children with ASD may approach others to share
things, particularly related to their restricted interests, but
have limited interest in learning about the interests of
others.

Some children with ASD appear to compensate for this
difficulty in mentalizing by employing logic to understand
why other people respond in certain ways to certain situa-
tions. However, in real-life situations or when under stress,
they may continue to have significant difficulties. It is im-
portant to note that while many individuals with ASD want
companionship and often approach others, they typically
have significant difficulty interpreting the actions of others
and responding appropriately in different situations. When
others do not respond in the expected manner, individuals
with ASD often have limited insight regarding how their ac-
tions affected the situation. This may lead to social with-
drawal, anxiety, or mood disturbance.

Several of the diagnostic features of autism, as well as
findings from psychological testing and experiments, have
pointed toward deficits in executive function in autism. Ex-
ecutive abilities are not required for routine events or
actions but rather when one has to switch between tasks
or deal with the unexpected. Difficulties with tests of ex-
ecutive functioning such as the Wisconsin Card Sorting
Test, the Tower of Hanoi, and the Trail Making Test have
been reported for high functioning individuals with autis-
tic disorder and Asperger syndrome (63–70). Individuals
with ASD often exhibit repetitive actions, restricted in-
terests, and have a desire for the “maintenance of same-
ness.” Difficulty with flexible thoughts and actions, re-
flecting deficits in executive functions, may help to explain
why these behavioral features are so prominent and
problematic for individuals with ASD.

Etiology

Although autistic characteristics are associated with some
neurodevelopmental disorders (e.g., fragile X and other
chromosomal abnormalities), the etiology in the vast
majority of cases is unknown. There is some evidence of
increased prenatal and perinatal risk factors, although
how these may relate to the etiology of the disorder is not
clear (71).
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Neuroanatomy
The neuroanatomical abnormalities associated with autism
have been the focus of many investigations that have in-
cluded the use of structural brain magnetic resonance imag-
ing (MRI), neuropathology, as well as neurophysiological
and functional brain MRI techniques. Most studies have in-
cluded older children, adolescents, and adults, although
a few recent studies have focused on children who were
studied soon after initial diagnosis.

Although head circumference at birth generally falls
within the average range, recent evidence suggests that the
trajectory of head growth occurs more rapidly than nor-
mal in the first few years of life in children with autism
(72, 73). Figure 10.1 shows that head circumference mea-
surements at the time of birth for children later diagnosed
with autism were close to or slightly below the population
mean. However, head circumference measurements taken
between 6 and 14 months of age for those same children
were more typically above the population mean, indicat-
ing that the relative rate of head growth was abnormally
large during the first year of life. It is interesting to note
that the abnormally rapid increase in head circumference
in the first year of life in children with autism was
strongly correlated with abnormal cerebral and cerebellar
volumes from brain MRI data by two to five years of age
(72). Whole brain volume has been found to be sig-
nificantly larger than normal in two- to five-year-old chil-
dren with autism (73, 74). More specifically, cerebellar
white matter volume was abnormally large, and within
the cerebral cortex, there was an anterior to posterior gra-
dient in degree of abnormality: largest at the frontal lobes
and closer to normal in the occipital lobes (75). Head cir-
cumference measures are strongly correlated with brain

size in the first few years of life while abnormally large
head circumference measures later in life is less likely to
be correlated with underlying brain volumes (76).

The degree of overgrowth abnormality during early life
may be correlated with later outcome for children with
ASD. Two- to five-year-olds with signs of ASD were scanned
and sorted into three groups, when diagnoses were
confirmed after age five: lower functioning children
with autism, higher functioning children with autism,
and higher functioning children with PDD-NOS (77).
Discriminant function analysis revealed that the groups
could be successfully discriminated from typically develop-
ing children using a combination of brain MRI measures.
Cerebellar white matter volume was significantly larger in
all three patient groups compared to the control group, but
the posterior cerebellar vermis was smaller than normal in
the lower functioning children and the anterior cerebellar
vermis was larger than normal in the higher functioning
children with autism. Brain MRI studies of high function-
ing older children and adults with autism have reported no
significant differences in the size of the anterior and poste-
rior cerebellar vermis from normal (78, 79) while studies
that included both low and high functioning individuals
consistently report decreased size of the posterior cerebel-
lar vermis (80–82). Less loss in the posterior cerebellar ver-
mis early in life may therefore be associated with better
functional outcome, while early abnormalities in terms of
increased white matter in the cerebellum and early over-
growth of the cerebrum may be associated with the persis-
tent autistic symptoms observed across children.

In terms of gross anatomy, there appears to be a chang-
ing process with age, with rapid growth early in develop-
ment preceding the onset of symptoms, and later changes
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Figure 10.1 Increase in head
circumference from birth to 6 to 14
months of age in infants later diag-
nosed with autistic disorder. Modi-
fied from Courchesne, Carper, &
Akshoomoff (2003) with permis-
sion from the American Medical
Association.
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that may include abnormally slow brain growth, compen-
satory overpruning of connections, or abnormal neuron
loss (83–86). Rapid growth is only one possible explana-
tion for these findings. Abnormally large brain volume
may reflect an excessive number of neurons or glial cells,
an excessive number of minicolumns, an excessive and
early expansion of dendritic and axonal arbors, an exces-
sive number of axonal connections, premature myelina-
tion, or an excessive rate of growth of the neurons or glial
cells (72, 87, 88). These abnormal processes could reflect
an abnormal acceleration of postnatal growth processes
and/or a failure of the late prenatal and early postnatal
regressive or “pruning” processes.

Abnormally large brain volume is not a typical finding
among school-age children and adolescents with autism
(73; for review, see 89). Cerebellar white matter volume
also generally falls within the normal range, as well as mea-
sures of cerebral gray and white matter volume (73). Cere-
bellar pathology has been found in 21 of 22 postmortem
(primarily adult) cases and appears consistent with prena-
tal or early postnatal abnormalities in neuronal develop-
ment (90–93). Specific structures may be affected early in
development and appear abnormally small in size com-
pared to normal throughout development. Brain MRI data
suggests that the cross-sectional size of the posterior corpus
callosum is reduced compared to normal (94–96). Incon-
sistent findings have been reported with regard to amyg-
dala (97–99) and hippocampal (100, 101) volumes, al-
though there is postmortem evidence of abnormalities at
the cellular level in the hippocampus and amygdala (90,
91, 102, 103). A recent study of 7 to 11 year-old high-
functioning children with autism found white matter vol-
ume was larger than normal while measures of the cortical
gray matter and hippocampus/amygdala were smaller than
normal (104). Inconsistencies in volumetric abnormalities
across studies are likely due to a number of factors. These
include the ages of participants, relative sample sizes, the
level of functioning of participants (i.e., level of mental re-
tardation), selection criteria for control groups, and other
potential confounds (e.g., history of seizures, long-term
medication use).

Neurofunctional Findings
Early widespread neuroanatomic defects in autism, includ-
ing white matter overgrowth and hypoplasia of specific
structures, would likely lead to abnormal development of
functional systems. Neurophysiological and functional
brain MRI studies have revealed abnormal patterns of brain
activity during attention and other cognitive tasks, even
when relatively high-functioning adolescents and adults
with autism are normal in their behavioral performance in
these tasks (for review, see 89). For example, individuals
with autism have reduced activation in the brain regions typ-
ically associated with performing attention, motor, and face
processing tasks while showing increased activation in
other regions not primarily utilized by normal subjects

(105–109). In a H2(15)O PET study of five high-functioning
adults with autism, brain activation patterns were evaluated
while the participants were listening to tones and sentences,
and generating sentences (110). Reduced or reversed domi-
nance activation was found over temporal regions associated
with language perception and reduced activation of auditory
cortex and cerebellum were found during acoustic stimula-
tion. Further analysis showed that during sentence genera-
tion, the left dorsolateral prefrontal cortex (Brodmann area
46) and left thalamus and the right dentate nucleus of the
cerebellum showed less activation in the males with autism
(111). During sentence repetition, greater increases in blood
flow in the left frontal cortex and right dentate nucleus were
found in the males with autism compared to controls.

Many of the structures that are affected in autism mediate
the development of more than one function. Since typical
brain development involves competition between functions
(or functional inputs) as the natural process of functional
specialization, the early neural defects in autism may differ-
entially affect the cerebral and cerebellar organization of dif-
ferent functional domains, with greater abnormalities for
some functions than for others, and to a greater degree in
some individuals than others (89). It has been hypothesized
that the early development of basic skills, such as rapid shift-
ing of attention, are affected to some degree in autism, lead-
ing to delays in the development of other skills reliant on
these skills, such as joint social attention. As the child devel-
ops, these basic skills improve but behavioral and functional
neuroimaging data suggest that the development of these
skills occurs in an atypical fashion (105, 112, 113).

Functional neuroimaging studies have provided infor-
mation about abnormal brain metabolism in autism. These
studies are useful not only in improving our understanding
of structure-function relationships but also to understand
developmental changes in biochemistry and therefore lead
to more rational design of drug treatments of children of
different ages (114). In a positron emission tomography
(PET) study using �[11C]methyl-L-tryptophan, whole brain
serotonin synthesis capacity in children was over 200% of
adult values until 5 years of age when it declined to adult
values (115). In contrast, serotonin synthesis capacity in
children with autism increased gradually from 2 to 15 years
of age, reaching 1 to 1.5 times adult normal values. It thus
appears that in normal brain development, there is a period
of high brain serotonin synthesis capacity during child-
hood. There is also evidence that serotonin regulates neu-
ronal differentiation, neurite outgrowth and synaptogene-
sis (116). These data, in conjunction with the brain MRI
volumetric data from young children with autism, suggest
that the normal developmental process, specifically the reg-
ulation of trophic effects, is disrupted in autism. In another
study that included a subset of these participants, regional
brain alterations in brain serotonin synthesis were ob-
served, namely gross asymmetries in frontal cortex, thala-
mus, and cerebellum (117). Decreased serotonin synthesis
was observed in the left frontal cortex and thalamus
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accompanied by increased serotonin synthesis in the right
cerebellum.

In a study of 14 medication-free children with autism,
dopamine metabolism was studied with PET using 18F flu-
orodopa (118). There was a 39% reduction of dopamine
activity in the anterior medial prefrontal cortex compared
with activity in the occipital cortex in the children with
autism compared with healthy children.

A 31P magnetic resonance spectroscopy (MRS) study of
phosphorus metabolites in dorsal prefrontal cortex was
conducted with 11 high-functioning adolescent and young
adult men with autism (119). Decreased levels of phos-
phomonoesters, increased levels of phosphodiesters, and
decreased levels of ATP were noted. In the autism group, al-
terations in brain energy and phospholipid metabolism
were correlated with neuropsychological and language test
scores. The authors suggested that the findings indicate a
hypermetabolic energy state and undersynthesis of brain
membranes in autism. N-acetylaspartate (NAA) was signif-
icantly lower in the cerebellum of 9 children with autism
compared to sibling control subjects using MRS (120).
NAA levels in the frontal and temporal lobes did not differ
between the two groups. An MRS study of 3- and 4-year-
olds with ASD revealed widespread alterations in brain
chemistry (121). Compared to age-matched developmen-
tally delayed and typically developing control children, de-
creased metabolism of NAA, creatine plus phosphocrea-
tine, and myo-inositol were found in a variety of brain
regions, including the frontal and temporal lobes, cingulate
gyrus, and a number of subcortical structures. Another re-
cent MRS study of 5- to 16-year-old children with autism
revealed altered metabolism in the left anterior cingulated
gyrus, caudate nucleus, and right occipital cortex of NAA,
choline compounds, and creatine plus phosphocreatine
(122).

Additional studies are needed to determine how
metabolic rates are related to cerebral volume increases in
young children with ASD and how regional abnormalities
may vary as a function of techniques, age, and level of
functioning. While direct correlations between measures
of brain structures and rates of metabolic activity have not
been conducted, many of these findings are consistent
with the results from neuroanatomical studies of autism.
Measures of levels of activation in specific brain structures
using functional MR imaging, PET, and SPECT, may even-
tually be used in drug treatment trials to assess changes in
neural activation patterns in conjunction with behavioral
changes (114).

Genetics
Identification of the biological defects has significant im-
plications for quantitative trait genetic linkage analyses and
animal models of the neurodevelopmental abnormalities
in ASD. These findings may also serve as a component of
subject characterization in clinical treatment trials with
young children to assist in determining how a child’s level

of functioning and biological characteristics may be pre-
dictive of treatment response (114).

Data from twin and family studies indicate that genetic
factors play an important role in the development of autis-
tic spectrum disorders (123, 124). Concordance among
dizygotic twins range from 0 to 25% while the rate of con-
cordance for a diagnosis of autism or an ASD diagnosis
among monozygotic twins is higher (40–90%). The con-
cordance rate among siblings (2–6%) is significantly
higher than the estimated population prevalence. It is clear
that the autistic spectrum disorders are complex and the re-
sult of a number of genetic and environmental factors.

A number of recent studies have focused on identifying
the specific genes that appear to be important in the devel-
opment of autism and related disorders. For example, a
genomewide scan with DNA markers was conducted in 345
multiplex families, each with at least two siblings affected
with autism or an ASD phenotype (125). Evidence for link-
age was found on chromosomes 17, 5, 11, 4, and 8. It is im-
portant to note that the linkage region implicated on chro-
mosome 17q included the serotonin transporter (5-HTT)
gene locus (SLC6A4), which has previously been impli-
cated as a candidate gene for autism on the basis of some
association studies (126–129). There is also some evidence
of elevated blood serotonin levels both in patients with
autism and in their unaffected first-degree relatives (130).
A recent study sought to identify a susceptibility gene for
autism in the chromosome region 2q24–q33 (131). Link-
age and association was identified between two single nu-
cleotide polymorphisms and autism. This region is known
to be important for mitochondrial function and ATP syn-
thesis in neurons. Future studies to identify the genes that
act together to cause the autism phenotype would be im-
proved by a focus on larger samples, more homogeneous
samples, detailed phenotype information that is collected
in a consistent manner, selection of candidate genes on the
basis on recent neurobiological findings, and the use of
knockout models (132, 133).

Other Theories
The first report of an unexpected intestinal lesion associated
with gastrointestinal problems in a group of 12 children
with pervasive developmental disorders has been associated
with a great deal of controversy (134). Specifically, the
authors of the report raised the possibility of a link, on the
basis of parental and medical histories, between the newly
described syndrome of bowel disease and autism and the
measles, mumps, and rubella (MMR) vaccine. This sugges-
tion led to a great deal of concern in the United Kingdom
and the United States, among other countries, regarding the
safety of the MMR vaccine (135). Of particular concern was
the suggestion that the MMR vaccine was a contributing fac-
tor to early loss or regression (134).

Regression is typically used to refer to the losses of al-
ready established skills (136). This is a phenomenon that
has been documented for several decades and occurs in
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approximately 20 to 33% of all cases of autism (136–138).
Regression is most commonly identified as occurring be-
tween 18 and 24 months of age (137–143). One of the
most striking features of regression is word loss. That is, the
child may have produced several words and then stopped
saying those words altogether for months or even years
(142, 144). Children with word loss are also more likely to
be described by their caregivers as showing more gestures,
greater participation in social games and better receptive
language before the time of the word loss (145).

A possible causal relationship between vaccines and
autism has been of concern to some clinicians and parents,
particularly with reports of increasing prevalence of autism
and the increasing number of vaccines given to infants.
However, epidemiological studies have not supported the
relationship between prevalence of autism and the MMR
vaccine (140, 146–149). Ten of the authors of the original
study that suggested the possibility between the MMR vac-
cine and autism (134) have recently published a retraction
of that interpretation of their data (150).

Treatment

Behavioral and Educational Treatment
The majority of evidence-based interventions for children
with ASD are behavioral and educational in nature (38).
Early intervention programs (between 2 and 4 years of age)
are the most effective for helping improve the outcome in
children with autism (151). Several intensive behavioral
treatments are supported by empirical investigations, such
as behavior modification or the “Lovaas method,” discrete
trial training, incidental teaching, and pivotal response
training, as well as structured programs such as TEACCH
and the Denver Model (152–154). A large number of other
treatment programs exist, such as “floor time” developed
by Greenspan and colleagues (155). It is important to note
that outcome data are limited making it difficult to ade-
quately evaluate the effectiveness of the treatment pro-
grams available and in use (156). It is also important to
note outcome among children with ASD is variable, in part
due to the fact that the needs and strengths of these chil-
dren are very heterogeneous (38). Speech and language
therapy is essential for assisting young children who are
delayed in their use of language, as well as older, higher-
functioning children in assisting them with pragmatics and
the social use of language. Occupational therapy is often
helpful for assisting with sensory integration issues as well
as the development of fine motor coordination and self-
help skills. Physical therapy is often needed, as well as
adapted physical education programs.

The Individualized Education Plan (IEP) and the Indi-
vidual Family Service Plan (IFSP) should be utilized for
planning and implementing the educational objectives
of children with ASD (38). Learning objectives should be
observable, measurable behaviors and skills that are ac-
complished within one year, including the development

of social skills, language and communication skills, devel-
opmentally appropriate tasks and play, cognitive skills,
and fine and gross motor skill development. The National
Research Council’s Committee on Educational Interven-
tions for Children with Autism recommended that educa-
tional services should include a minimum of 25 hours a
week, 12 months a year, and be based on an individual-
ized plan. Until more data are available, particularly with
regard to the relative merit of one program model over
another, a wider range of outcome variables, and specific
approaches for specific needs, the Council suggested that
it may be more important to consider how the environ-
ment and educational strategies associated with a particu-
lar program allow implementation of the goals for a child
and family.

Medications
The medications most commonly used in the treatment of
individuals with ASD are directed toward ameleriorating
the associated rather than core symptoms of the disorder
(157). Medications may be prescribed when children are
having significant difficulty with hyperactivity, aggression,
irritability and agitation, repetitive behaviors, and so on to
increase the likelihood that the individual will benefit from
behavioral and educational programs. Some aspects of so-
cial behavior may also improve as a result of the reduction
in these problematic symptoms (158).

Early drug treatment studies included the use of fen-
fluramine, haloperidol, and naltrexone (158). Haloperi-
dol, in doses of 1 to 2 mg/day, was more effective than
placebo for relieving temper outbursts, hyperactivity,
withdrawal, stereotypy, anger, and affective lability but
acute dystonic reactions and withdrawal and tardive dysk-
inesias occurred relatively frequently (159, 160). Large
controlled studies of naltrexone failed to find improve-
ment of maladaptive behaviors except for motor hyperac-
tivity (161). More recent, well-controlled studies have
focused on the atypical antipsychotics, including clozap-
ine, risperidone, olanzapine, and quietiapine (162).
Risperidone has received the most attention. In the largest
controlled drug treatment study in autistic disorder to
date, the National Institute of Mental Health (NIMH)-
sponsored Research Units on Pediatric Pychopharmocol-
ogy (RUPP) Autism Network completed a randomized
controlled trial of risperidone in 101 children with autis-
tic disorder (163). Treatment for eight weeks was effective
in reducing tantrums, aggression, or self-injurious behav-
ior in children with autistic disorder. An average weight
gain of 2.7�/�2.9 kg (as compared with 0.8�/�2.2 kg
with placebo) was observed; increased appetite, fatigue,
drowsiness, dizziness, and drooling were also associated
with risperidone. In an open-label, naturalistic study of
preschoolers with autistic disorder or PDD-NOS, low-dose
risperidone was associated with reducing behavior prob-
lems and affect dysregulation in the short-term, but also
in the long-term period (164). Increased prolactin levels
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without clinical signs and increased appetite were the
most frequent side effects. Response was associated with
higher doses and weight gain. In general, risperidone ap-
pears favorable in reducing symptoms of most concern to
parents (165).

Serotonin reuptake inhibitors have also been the focus
of investigations on clinical response and side effects in
children, adolescents, and adults with ASD. Although a
number of studies of clomipramine have been published
(166) the selective serotonin reuptake inhibitors (SSRIs)
have received more recent attention due to the less severe
side effects associated with the SSRIs (158). Few controlled
studies have been completed. Studies of fluvoxamine sug-
gest that it may be less efficacious and less tolerated in chil-
dren and adolescents with ASD than adults (167). Studies
of fluoxetine indicate favorable results, although drug-in-
duced side effects, such as hyperactivity, agitation, de-
creased appetite, and aggression, led to discontinuation in
some cases (168). Fewer studies have been conducted to
date with sertraline and paroxetine.

Some individuals with a diagnosis of autistic disorder
or other ASD may also meet the DSM-IV-TR criteria for
attention-deficit/hyperactivity disorder (ADHD). How-
ever, the DSM-IV-TR specifies that in order to meet criteria
for ADHD, the symptoms do not occur exclusively dur-
ing the course of a pervasive developmental disorder or
schizophrenia. Hyperactivity and impaired attention are
more prominent in younger children and can interfere with
the implementation of critical early intervention programs.
The use of psychostimulants for the treatment of motor hy-
peractivity and poor attention in ASD has generally re-
sulted in mixed results (169). While these symptoms may
improve in some children, adverse effects, notably aggres-
sion, irritability, have been noted in children with autism
as a result of methylphenidate. There is some interest in the
use of clonidine and other �-adrenergic agonists such as
guanfacine, particularly for those children and adolescents
with ASD who are nonresponders to methylphenidate and
other psychostimulants (169).

There has been a great deal of interest in more novel
types of treatment strategies for children with ASD, partic-
ularly those directed toward gastrointestinal and immune
functions. Secretin is a hormone that is secreted in response
to food passage by the gut and stimulates the pancreas, re-
sulting in decreased gastrointestinal motility. It is com-
monly used in gastrointestinal endoscopies. It became a
focus of much interest after a report indicated that three
boys with ASD demonstrated improvement in autistic
symptoms following secretin injection associated with an
endoscopy procedure (170). Many children with ASD re-
ceived treatment with secretin before formal research stud-
ies were conducted. A series of double-blind placebo-
controlled studies with single dose secretin in children with
ASD (with more than 300 children total) have indicated no
consistent significant differences in primary outcome
measures (171–177). While there is some speculation that

multiple doses are perhaps needed, or secretin may prove
helpful with a certain subset of children with ASD (178),
others believe that the results indicate that there is a strong
placebo effect associated with secretin and no scientific ev-
idence to support its use as a treatment for autism (179).

A limited number of studies have been conducted with
drugs that have direct effects on immune function that may
warrant further investigation. The use of alternative treat-
ments is increasing among families who have a child with
an ASD and therefore physicians should discuss the efficacy
and potential side effects of such treatments with parents
(180). Although no comprehensive scale has been devel-
oped to date to assess change in maladaptive behaviors dur-
ing treatment, a number of scales have been utilized by the
(RUPP) Autism Network (158, 181). These include the
Aberrant Behavior Checklist, the Clinical Global Impres-
sions scale, and the Children’s Yale–Brown Obsessive Com-
pulsive Scale. There are currently no measures available to
adequately assess changes in core symptoms, such as social
behavior or restricted/repetitive behaviors, appropriate for
drug treatment trials (182). Current information about the
individual’s cognitive and adaptive skills is also helpful.

Course and Mortality

It is important to consider issues related to outcome and
long-term care when working with individuals with ASD.
The symptoms of ASD differ over the course of life. These
differences reflect developmental interactions with the core
symptoms of autism, environmental influences, and indi-
vidual differences in background variables. The patterns of
autism were assessed using the ADI-R in 405 individuals
with ASD, ages 10 to 53 years (183). Although the patients
met criteria for autistic disorder based on childhood crite-
ria, only 54.8% would have met criteria based on their cur-
rent behavior. The greatest amount of improvement was
observed in development of phrase speech while there was
limited change in having friendships.

Individuals with autism are subject to increased mortality
risk (184). A database study revealed the causes of mortality
and relative risk for individuals who were diagnosed with
autism and received any services from the California Depart-
ment of Developmental Services between 1983 and 1997
(185). Among those with no or mild mental retardation,
deaths by seizures, nervous system dysfunction, drowning,
and suffocation were all more than three times higher than
expected in the general population. Excess mortality was
marked for individuals with severe mental retardation but
life expectancy was also reduced for individuals who were
fully ambulatory with only mild mental retardation.

CHILDHOOD-ONSET SCHIZOPHRENIA

The onset of symptoms in schizophrenia most commonly
occurs during late adolescence and early adulthood (13).
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Onset of symptoms between the ages of 5 and 14 is com-
monly referred to as “childhood-onset schizophrenia”
(186, 187). Kraeplin reported that only about 6% of his
sample of more than 1,000 cases with schizophrenia had an
onset of psychotic symptoms before 15 years of age (61). Al-
though epidemiological data are limited, it is estimated that
less than 1 child in 10,000 suffers from COS, making it a rare
disorder compared to adult schizophrenia, which affects ap-
proximately 1 in 100 (188). COS is more common among
males than females until adolescence, when the ratio of
males to females is more similar. Although this is a rare de-
velopmental disorder, COS has increasingly become the fo-
cus of research investigations because it is thought that en-
hanced understanding of developmental changes in the
brain could lead to an improved understanding of the neu-
robiology of schizophrenia.

Diagnosis and Appropriate 
Assessment Strategies

The DSM-IV-TR (13) criteria for schizophrenia are as follows.
The characteristic psychotic symptoms must be present for a
significant portion of the time during a one-month period (or
less, if successfully treated). Two or more of the core symp-
toms of schizophrenia must be present, namely delusions,
hallucinations, formal thought disorder, grossly disorga-
nized behavior, and negative symptoms (flat affect and an-
hedonia). However, only one symptom is required if delu-
sions are bizarre or hallucinations consist of a running
commentary on the person’s behavior or thoughts or two or
more conversing voices. There must be deterioration in
functioning or failure to achieve the expected level of inter-
personal, academic, or occupational achievement. The
boundaries between schizophrenia and mood disorders,
schizoaffective disorder, organic disorders, and pervasive de-
velopmental disorder are specified and should be carefully
considered in making a diagnosis. The duration of distur-
bance, prodromal features, and residual features are also
defined in DSM-IV-TR.

Several independent studies have concluded that
schizophrenia in childhood can be reliably diagnosed using
the same criteria for adults (for review, see 189). However,
developmental differences do exist in symptom presenta-
tion. Hallucinations, delusions, and formal thought disor-
ders are rare or difficult to diagnose in children younger
than age 7 (190). The distinction between schizophrenic
symptoms and features of typical children can be difficult in
some cases, such as distinguishing between delusions and
the imaginative fantasies typical of young children. Of con-
cern is a more persistent pattern of such behaviors, such as
a child who often hears voices saying derogatory things
about him or her, or hears voices conversing with one an-
other, talks to himself or herself, imagines seeing scary
things (such as snakes, spiders, or shadows), and shows no
interest in friendships (191). It is important to note that a
child with more limited language and cognitive skills may

have difficulty accurately describing their experiences and
distinguishing them from pretend or fantasy (1).

After age 7, hallucinations are the most common symp-
tom of COS, with auditory hallucinations more common
than visual hallucinations (192). It may be difficult to
accurately assess disorganized speech or formal thought
disorder in children and adolescents with schizophrenia.
Blunted affect is fairly common.

Childhood-onset schizophrenia typically presents with an
insidious rather than acute onset, with a number of
associated symptoms and problems (1, 192). The prodromal
symptoms are similar to those observed in adult-onset
schizophrenia but language impairments and transient autis-
tic-like and nonspecific symptoms are more common (187).
The onset of psychotic symptoms is often preceded by social
abnormalities; many children are described as odd prior to
the onset of psychotic symptoms. Developmental distur-
bances are common, such as lags in motor and speech/lan-
guage development (193). Children with more pronounced
early developmental abnormalities tend to have a poorer out-
come. The most common type of communication difficulty
is poor pragmatic skills. During the early school-age period,
difficulties with attention and behavior often affect school
functioning (194). Other symptoms include depression, op-
positional behavior, and conduct problems.

Researchers have identified other disorders that fall
within or similar to the schizophrenia spectrum. Children
with “multidimensionally impaired syndrome” exhibit psy-
chosis, poor affect regulation, and difficulty with attention
and impulse control (187). These children can be distin-
guished from children with schizophrenia. Although they
are likely to develop more specifically defined psychiatric
disorders, such as bipolar disorder, schizoaffective disorder,
or a disruptive behavior disorder, longitudinal follow-up
studies do not suggest they are likely to be diagnosed later
with schizophrenia. Follow-up of children with schizoaf-
fective disorder or schizotypal personality disorder reveals
that although the development of full-blown schizophrenia
is rare, the majority of children will continue to exhibit a
schizophrenia spectrum disorder (195).

The outcome of children with schizophrenia is generally
poor and possibly worse than those with adult-onset (196).
Eggers and Bunk (197) conducted a 42-year follow-up of a
group of 44 patients with COS. They found that 50% of the
sample had continuous symptoms and 25% had partial re-
mission. Studies with shorter follow-up periods have re-
ported similar results.

Uncertainty about diagnosis is common among chil-
dren with schizophrenia and therefore it is important to
consider a variety of factors to reduce the misclassification
of cases. Although it may appear that the distinction be-
tween childhood-onset schizophrenia and an autistic spec-
trum disorder is fairly apparent, the differential symptoms
and similarities should be considered. Childhood-onset
schizophrenia is distinguished from autism by the persis-
tence of hallucinations and delusions for at least 6 months,
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and a later age of onset. Autistic Disorder is most typically
identified before age 5 and results in more major intellec-
tual deficits than COS (6, 7). It is interesting to note that
in adulthood some individuals with autism exhibit, in
their surface behavior, some symptoms characteristic of
schizophrenia (61). They may show negative signs, such as
little or no speech or facial expressions, little or no interest
in social contact or communication, and they may exhibit
simple movement stereotypies. However, articulate indi-
viduals with autism who have reported their experiences
give accounts quite different from those of individuals with
schizophrenia; most notably the absence of hallucinations
and delusions. Furthermore, in schizophrenia, phases of
acute illness often alternate with long periods of symptom
remission, which is different from autistic spectrum disor-
ders. It is interesting to note that the term autistic was first
coined by Ernst Bleuler to apply to thought processes in
schizophrenia. Both autism and schizophrenia result in
some sort of social impairment. If children show any inter-
est in friendships, even if they fail at maintaining them, it
is unlikely that they have schizophrenia (191).

As part of the ongoing study of childhood-onset
schizophrenia at the NIMH, more than 1,300 children and
adolescents have been referred to the study since 1990. Af-
ter the initial screening process, 215 cases were interviewed
to identify those that met criteria for COS (198). Many of
the cases referred to the study were judged to have psychotic
mood disorders rather than schizophrenia. The clinical pre-
sentations included mood-congruent hallucinations, the
absence of grossly disorganized behavior or speech, and co-
morbid disorders commonly seen in patients with mood
disorders (e.g., anxiety disorders, attention-deficit/hyperac-
tivity disorder). As the authors discuss, it is important to
note that the rarity of COS makes it difficult for clinicians to
have the experience of the NIMH team in diagnosing COS,
as well as the time needed for a comprehensive, structured
diagnostic assessment. These results also suggest that it is
not uncommon for children with bipolar disorder or major
depressive disorder with psychotic features to be diagnosed
with schizophrenia initially. The distinction between
schizoaffective disorder and schizophrenia was more diffi-
cult to achieve reliably, as has been noted in previous stud-
ies (199, 200). The acute onset of manic episodes in bipolar
disorder may be mistaken for schizophrenia. Children who
have experienced abuse or who suffer from posttraumatic
stress disorder may sometimes claim to hear voices or see vi-
sions associated with abuse or a traumatic event. Due to
these issues in misdiagnosis, clinicians should not rely on
cross-sectional assessments of children and adolescents
with psychotic symptoms (187). It may also be important
to consider whether a child develops additional symptoms
that may signify an additional diagnosis or perhaps differ-
ent subtypes. These distinctions are important considera-
tions for neurobiological studies.

A number of standardized assessment tools exist for use
with children and adolescents with suspected psychotic dis-

orders (for reviews, see 201, 202). The diagnostic inter-
views have been developed in order to obtain a categorical
diagnosis according to the DSM or ICD systems. These
tools include the Schedule for Affective Disorders and
Schizophrenia for School-age Children (K-SADS) (203),
the Interview for Childhood Disorders and Schizophrenia
(ICDS) (204), and the NIMH Diagnostic Interview Sched-
ule for Children (NIMH DISC) (205). Symptom rating
scales are broader in focus and assess severity of psy-
chopathological symptoms on a continuous scale. These
scales include the Positive and Negative Syndrome Scale for
Children and Adolescents (K-PANSS) (206), the Children’s
Psychiatric Rating Scale (CPRS), the Brief Psychiatric Rating
Scale, and the Children’s Global Assessment Scale (C-GAS)
(207). Caplan and colleagues developed the Kiddie Formal
Thought Disorder Rating Scale and Story Game (K-FTDS),
which provides a structured evaluation of thinking distur-
bance (208).

It is essential to obtain information from parents and
teachers as well as careful observation of the child (209). The
most valid diagnosis is likely to be obtained using a “best es-
timate” approach, taking into consideration all sources of in-
formation and using a prospective approach (202).

The American Academy of Child and Adolescent Psychi-
atry published a practice parameter for the assessment and
treatment of children and adolescents with schizophrenia
(210). Based upon the empirical evidence, the practice pa-
rameter gives specific recommendations:

1. Assessment
(a) A comprehensive diagnostic assessment, which

includes, when possible, interviews with the child/
adolescent and the family, plus a review of past
records and other available ancillary information.

(b) Physical assessment to rule out general medical
causes of psychotic symptoms.

(c) An intellectual assessment or cognitive testing to
evaluate possible developmental delays and degree
of impairment associated with the illness.

(d) Recognition of the various phases of the disorder
(prodome, acute phase, recovery phase, residual
phase, and chronic impairment).

(e) Psychiatric formulation to establish diagnosis and
rule out other disorders. Reassessment longitudi-
nally is recommended.

2. Treatment
(a) Antipsychotic agents are recommended for the

treatment of the psychotic symptoms associated
with schizophrenia. Guidelines are provided for
the procedures for medication administration and
management.

(b) Psychoeducational therapy for the patient (e.g., edu-
cation about the illness, social skills training) and for
the family.

(c) Specialized educational program and/or vocational
training programs may be indicated.
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Etiology

Schizophrenia in childhood appears to have a particularly
strong biological predisposition and may possibly repre-
sent a more homogeneous genetic form of the disorder.
Data from various medical disorders indicate that unusu-
ally early onset is associated with greater heritability and
disease severity (211). Also the excess of males in younger
age groups may indicate a particular biological vulnerabil-
ity. Childhood-onset schizophrenia may be a more severe
and familial variant of schizophrenia, giving hope that the
etiology may be more easily discerned in cases with child-
hood rather than adult-onset. Studies of children with
schizophrenia may also provide more information about
etiology due to limited history of neuroleptic treatment
and years of dysfunction. It is important to note, however,
that the children who participated in the NIMH study were
selected because they did not respond to traditional neu-
roleptic medications and therefore have a history of multi-
ple medication use.

The causes of schizophrenia are still unknown. Wein-
berger (212) proposed a “neurodevelopmental model” of
schizophrenia. While COS is rare compared to the typical
profile of onset during late adolescence and early adult-
hood, Weinberger’s neurodevelopmental model may be
particularly applicable to the early onset cases. Children
with schizophrenia are more likely to manifest impair-
ments in language and motor development before the
onset of psychotic symptoms, which may reflect early
manifestations of the underlying brain abnormalities.
Children with schizophrenia often exhibit difficulties with
social behavior early in development, more so than chil-
dren with major depression and other psychiatric condi-
tions (195, 196). It is important to note that these early
developmental difficulties in language and social develop-
ment appear to be distinguishable from the early symp-
toms of autism.

Genetic Risks
Two classic studies suggested significantly higher rates of
schizophrenic disorders (schizophrenia, schizoaffective
disorder, schizotypal disorder, schizotypal personality
disorder, and paranoid personality disorder) among the
first-degree relatives of children with schizophrenia com-
pared to those of adults with schizophrenia (7, 213). Using
a larger sample and more rigorous methods, the UCLA
Family Study (214) compared the diagnoses of first-degree
relatives of probands with COS (N�148) with those of
first-degree relatives of probands with attention-deficit hy-
peractivity disorder (ADHD; N�368) and community con-
trol probands (N�206). The families of probands with
COS were significantly more likely to have at least one first-
degree relative with a diagnosis of schizophrenia, or schizo-
typal or paranoid personality disorder than the other two
groups. An unexpected finding was that the parents with a
diagnosis of schizophrenia had an early age of first onset

(mean � 20.8 years) compared to the typical age of first on-
set for schizophrenia.

The results from the UCLA Family Study (214) sug-
gested that the relative risk for schizophrenia in the par-
ents of probands with COS was higher than that observed
in adult-onset schizophrenia. This finding was directly
compared as part of the study of COS at the NIMH (215).
Indeed, the parents of patients with COS had a signifi-
cantly higher risk of schizophrenia spectrum disorders
(24.74%) than parents of patients with adult-onset
schizophrenia (11.35%). The rates of mood disorders,
substance use disorders, and schizoid personality disorder
did not differ among the two groups and the control
group. These results suggest that there is a more specific
risk, rather than risk of psychopathology in general. It is
also interesting to note that the patients with COS in the
NIMH study who had relatives with schizophrenia or
spectrum disorder were more likely to have a premorbid
language disorder (187). The authors from both the UCLA
and NIMH studies conclude that COS may be a more fa-
milial, possibly more genetic, form of schizophrenia than
adult-onset schizophrenia.

In addition to a family history of a schizophrenia spec-
trum diagnosis, other factors are useful for developing a
clinical phenotype of schizophrenia for genetic linkage
studies. In one study, performance on neurocognitive tests
was compared in three groups: parents of probands with
COS, parents of probands with ADHD and parents of com-
munity controls (216). Only parents without a diagnosis of
psychosis were included. Parents of probands with COS
performed worse than parents of probands with ADHD
and community controls on the Degraded Stimulus Con-
tinuous Performance Test and the Trail Making Test. The re-
sults suggest that neurocognitive impairments index the
liability to schizophrenia in nonpsychotic relatives but
neurocognitive impairments are not a significant factor
among relatives of children with ADHD.

Neuropsychological Findings
Neuropsychological studies indicate that children with
schizophrenia have difficulty allocating attention, have
limited processing resources, show deficits on tests of
executive functions, and have deficits in both verbal and
nonverbal memory (187, 217). They also show difficulty
with visual-motor coordination and fine motor speed.
Other anomalies associated with adult schizophrenia, such
as smooth pursuit eye movement abnormalities, are also
found in children with schizophrenia and their first-degree
relatives (187, 218, 219). The abnormal leading saccade
phenotype may prove useful as a marker that is present by
age 6 for individuals at risk for developing schizophrenia.
A number of studies have been conducted with adolescents
and adults at risk for schizophrenia in order to identify
neurobehavioral markers associated with risk. Studies have
implicated a specific type of eye-tracking dysfunction that
is associated with prefrontal cortex function and appears to
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be specific to schizophrenia (220). Prospective neurobe-
havioral studies of the children of schizophrenic parents
have identified variables that may be associated with the
genetic liability of schizophrenia and related disorders, in-
cluding anticipatory saccades (221). It is also important to
note that the early course of neuropsychological dysfunc-
tion in patients who have not yet received antipsychotic
medication treatment suggests that the neuropsychological
dysfunction associated with schizophrenia is neurodevel-
opmental, rather than neurodegenerative, in nature (222).

Neuroanatomy
MRI abnormalities have been found in many of the same
brain regions in childhood-onset schizophrenia as in adult
schizophrenia. The ongoing NIMH study of childhood-
onset schizophrenia includes children who experienced an
onset of psychotic symptoms before the age of 12 and were
selected because they did not respond to traditional neu-
roleptic medications.

In a series of publications, brain MRI data from these
children has revealed significant differences in brain
anatomy compared with age-matched typically develop-
ing children (223–225) (for reviews, see (187, 226). Most
notably, the volume of the lateral ventricles is enlarged,
and the area of the midsagittal vermis of the cerebellum
and the area of the midsagittal thalamus is significantly

smaller than normal in the children with schizophrenia. It
is important to note that reduction of the thalamus is a
consistent finding in adult patients with schizophrenia,
including those who have not received neuroleptic medi-
cations, as well as the healthy relatives of patients with
schizophrenia.

The UCLA group has also reported significant ventricu-
lar volume enlargement in their sample, particularly in the
poster region of the ventricles (227, 228). Results from the
UCLA group, using statistical parametric mapping, are
shown in Figure 10.2. Both research groups have also re-
ported reductions of total gray matter volume. These differ-
ences appear to be more striking for the cases with COS
than has been reported in adults with schizophrenia (226).
Both the UCLA and NIMH groups have reported volume
increases in basal ganglia structures. This finding may be
related to exposure to typical neuroleptic medications. One
study reported that after two years of clozapine treatment,
the volume of the caudate decreased to normal (229). Dif-
ferences in caudate volume as a function of age are not
clear. Decreased caudate volumes have been reported in
adult patients with schizophrenia who did not have a his-
tory of neuroleptic medication treatment (230).

Longitudinal data from the NIMH sample of patients
with COS have revealed progressive changes in volumetric
measures during childhood and adolescence. The volume
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Figure 10.2 Statistical parametric mapping (SPM)
results from the UCLA childhood-onset schizophrenia
study. The top panel shows the three-dimensional ren-
derings of the significant clusters from the gray matter
(blue), white matter (red), and CSF (green). SPMs
mapped into the average brain space of the nine sub-
jects with COS. Significant voxels from the gray matter
(in blue; voxel threshold p � .01, corrected at p � .05),
white matter (in red; voxel threshold p � .01, corrected
at p � .05), and CSF (in green; voxel threshold p � .01,
corrected at p � .10) SPMs are mapped onto three or-
thogonal slices from the average schizophrenic brain
(middle panel) and over the same three slices of the av-
erage control brain (bottom panel). From: Sowell ER,
Toga AW, Asarnow R. Brain abnormalities observed in
childhood-onset schizophrenia: A review of the struc-
tural magnetic resonance imaging literature. MRDD
Res. Rev. 2000;6:180–185. Copyright @ 2000. Reprinted
by permission of Wiley-Liss, Inc., a subsidiary of John
Wiley & Sons, Inc. (For color detail, see full color insert.)
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of temporal lobe structures may not differ from normal
when children COS are scanned in late childhood or early
adolescence (224, 231). However, a two-year follow-up of
brain MRI data from the NIMH study revealed significantly
greater decreases in temporal lobe volume, even after
taking the 4.6% decrease in total cerebral volume into con-
sideration (232). Reduction of right posterior superior tem-
poral gyrus volume was also associated with increased
symptom severity. Longitudinal data obtained from 55 pa-
tients with COS also revealed abnormal changes in the
corpus callosum (233). At the time of the initial scans, no
differences from normal were seen. However, among the
patients with schizophrenia the developmental trajectory
of the area of the splenium was significantly different from
normal. The splenium was significantly smaller than nor-
mal in patients with COS.

In a study of a small sample of the children with COS
from the NIMH study, healthy controls, and a comparison
group of nonschizophrenic patients matched for IQ and
drug treatment status, three-dimensional maps of brain
change were derived from high-resolution longitudinal
brain MRI scans (186). By early adolescence, a “dynamic
wave” of gray matter loss occurred. The loss started in the
parietal association cortices and continued to the dorsolat-
eral prefrontal cortex and temporal cortex. Significant pro-
gressive loss of cerebellar volume has also been reported
from the longitudinal NIMH study (234). The loss appears
to occur at the same time as cerebral volume loss, despite
the fact that the cerebellum appears to reach its peak in
total volume later than total cerebral volume. These data
suggest that structural changes continue after the early on-
set of psychotic symptoms and continue well into adoles-
cence. The changes observed in cortical volume are consis-
tent with changes in ventricular enlargement.

These results, as well as a recent report of progressive gray
matter volume loss in a larger sample of longitudinal sub-
jects from the NIMH COS study (235), support the concept
of schizophrenia as a progressive neurodevelopmental dis-
order with both early and late developmental abnormalities.
While these brain MRI results do not have any immediate
clinical implications, they may provide useful information
for understanding the underlying pathophysiology.

The progressive loss of neural tissue seen in COS does
not appear to be common to other developmental disor-
ders. For example, although there is evidence for early de-
velopmental abnormality of cerebellar-striatal-prefrontal
circuitry in ADHD, longitudinal data indicate that the de-
velopmental trajectory of brain volume is normal in chil-
dren with ADHD (236, 237). Rapoport and colleagues
speculate that in COS, the earlier tissue loss may trigger the
onset of psychosis in childhood.

The underlying causes of the brain MRI abnormalities
are not clear. There may be abnormalities in neuronal mi-
gration, or a disturbance in the process of normal synaptic
pruning that follows the peak of synaptic production dur-
ing the preschool period (212, 238, 239), particularly the

prefrontal corticocortical, and corticosubcortical synapses
(240). The progressive loss may indicate a late neurodevel-
opmental disorder that may be correlated with clinical
symptoms and pathophysiology of the illness. It is interest-
ing to note that healthy siblings of patients with COS share
some of the brain MRI abnormalities as their affected sib-
lings (241). The healthy siblings had smaller than normal
total and parietal gray matter volumes than normal com-
parison subjects. Unlike the patients, however, there was
no evidence of ventricular enlargement. These results may
suggest that some of the brain abnormalities associated
with COS are genetic trait markers, just as has been sug-
gested from similar results from siblings of patients with
adult-onset schizophrenia.

Two MRS studies (Bertolino et al., 1998 and Brooks et
al., 1998) suggest anterior cingulate and frontal metabolite
abnormalities in childhood-onset schizophrenia, includ-
ing below-normal NAA/Cr (242, 243). In a MRS study of
11 patients with childhood-onset schizophrenia, above-
normal levels of creatine plus phosphocreatine were found
in the superior anterior cingulate, and above-normal levels
of choline compounds were found in the superior anterior
cingulate, frontal cortex, and head of the caudate nucleus
(244). In the thalamus, NAA was lower in male but not
female subjects with COS. Elevated creatine suggests ab-
normal local cell-energy demand and elevated choline may
indicate that patients with COS exhibit phospholipid
membrane disturbances (244). Low NAA may reflect di-
minished neuronal integrity.

Treatment

Patients with childhood-onset schizophrenia appear to be
less responsive to medication treatment than adults with
schizophrenia and may experience more adverse drug
side effects. It is possible that these effects reflect the ear-
lier, more severe nature of their neurodevelopmental
abnormalities (188).

As with adults, antipsychotic medications may be bene-
ficial in reducing hallucinations and delusions. The newer
generation “atypical” antipsychotics, such as olanzapine
and clozapine, may also reduce negative symptoms, such as
improving motivation and emotional expressiveness
(187). Due to the increased risk of side effects associated
with the typical antipsychotics, atypical antipsychotics are
preferred in the initial treatment of COS (202, 245). How-
ever, side effects are also associated with these newer med-
ications, including excess weight gain, neutropenias, and
seizures, and therefore all children should be carefully
monitored and administered the lowest effective dose pos-
sible. The majority of studies conducted with children and
adolescents have been open label studies. The largest num-
ber of studies included clozapine or olanzapine. Less data
are available on the effectiveness of risperidone (two open
label studies), amisulpride (one controlled study), and qui-
etiapine (one open label study) (202).
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The NIMH group has conducted studies with patients
with COS who were neuroleptic nonresponders. In a
double-blind comparison of haloperidol and clozapine,
clozapine was found to be superior in reducing both posi-
tive and negative symptoms (246). Other studies have also
reported positive effects with clozapine (187, 202). Studies
comparing clozapine with olanzapine have revealed that
olanzapine has a more benign side effect profile but cloza-
pine has superior efficacy for positive and negative symp-
toms (187). Due to the increased risk of serious side effects,
clozapine is not recommended as a first-line antipsychotic
medication (1). Clozapine requires daily monitoring. In
this era where several atypical neuroleptic medications are
available to target negative and positive symptoms, tradi-
tional neuroleptic medications, such as haloperidol, are
not typically thought of as first line medications.

Schizophrenia impacts a wide range of domains there-
fore treatment must be multimodal. In addition to medi-
cation treatment, it is important to consider the benefits
of psychosocial intervention for children and adolescents
suffering from schizophrenia (1, 202). An integrated in-
tervention package that combines psychotropic medica-
tion to reduce acute symptoms and vulnerability, and psy-
chosocial interventions to reduce stress and build coping
strategies is ideal but has not been systematically investi-
gated (209). It is important to consider the impact of de-
velopmental level on the treatment process, the necessary
case management skills in working with family members
and school systems, potential comorbid symptoms, and
the chronic nature of this disorder. Given the deficits in
attention, verbal learning, and executive functions among
children with schizophrenia, neuropsychological assess-
ment can be helpful for treatment and academic planning.
Special school programs are often needed. Social skills
training and improvement of problem-solving skills may
also be warranted (1). Currently, more children are
treated within their families and communities rather than
long-term hospitalization. The attributes of the family
may have an impact on the child’s illness, and the needs
of the child can also have a significant impact on the rest
of the family. Behavioral family treatment is therefore an
important consideration.
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EPIDEMIOLOGY OF ATTENTION
DEFICIT–HYPERACTIVITY DISORDER

Attention deficit–hyperactivity disorder (ADHD) is the
most common neuropsychiatric disorder in the pediatric
age group, with a worldwide prevalence in the range of 7 to
17% of school-aged children (1,2). This disorder has a long
history. The first description of ADHD is attributed to Sir
George Still, who in 1902, described children with “morbid
deficits in moral control” (3). The disorder was also de-
scribed in association with the residual effects of en-
cephalitis and traumatic brain injury. In 1937, the efficacy
of psychostimulants in the treatment of hyperactivity was
described (4). Terms such as “minimal brain damage/dys-
function, minimal/minor cerebral dysfunction and hyper-
kinetic syndrome or hyperactive child syndrome” were also
common descriptors at the time. The diagnosis of ADHD
has undergone considerable evolution since the first clini-
cally-based behavioral descriptions were put forth. It has
now been recognized as a neuropsychiatric disorder with a
strong genetic basis.

Two large-scale studies have provided considerable in-
formation about the clinical presentation of ADHD. The
first, sponsored by the National Institute of Mental
Health, was undertaken as part of the DSM-IV field trials.
The study was based on 380 clinic-referred children and
adolescents, ranging in age from 4 to 17 years. Structured
diagnostic interviews were conducted with multiple infor-
mants and standardized clinician’s diagnoses of ADHD
were obtained to assess agreement. The study was also

directed at definitional criteria for “impairment” (8). A
second study, the NIMH Collaborative Multisite Multi-
modal Treatment Study of Children with ADHD, was
conducted at six different sites across the country and en-
rolled 579 children with ADHD combined type, aged 7
years to 9 years 9 months. The subjects were randomly as-
signed to one of four different treatment conditions and
followed for a period of 14 months. Both of these studies,
although not without some limitations, provide a rich
source of data regarding the clinical presentation of
ADHD.

DIAGNOSIS AND CLINICAL
PRESENTATION OF ATTENTION
DEFICIT–HYPERACTIVITY DISORDER:
INATTENTIVE, HYPERACTIVE/IMPULSIVE,
AND COMBINED SUBTYPES

Currently, DSM-IV defines three subtypes of ADHD: the
predominantly inattentive type, the predominantly hyper-
active/inattentive type, and the combined type. To be given
a specific diagnosis, a child must meet six of nine criteria
for each of the subtypes. However, this is of questionable
clinical utility, particularly if ADHD is a biological
phenomenon with gradations of severity. A child would
technically not be considered to have met diagnostic crite-
ria of ADHD if only five of the nine behaviors were identi-
fied, even in the presence of serious impairment in daily
life. Moreover, even though there is often relatively good
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agreement between observers, the diagnosis is based on be-
havioral manifestations and these observations are, of
course, subject to observer bias and definitional criteria.
(Some raters have a much lower threshold for “hyperactiv-
ity” or “impulsivity” than others.) The inattentive and hy-
peractive/impulsive subtypes differ in terms of age of onset,
gender, and associated comorbid psychiatric conditions
and learning disabilities. In general, the agreement be-
tween DSM-III-R and DSM-IV criteria is high (positive pre-
dictive power 93%) (9).

In 1987, Lahey and colleagues described a group of chil-
dren, with a “sluggish cognitive tempo.” These behaviors
are typically seen in children who fall into the inattentive
group and are not hyperactive or impulsive. They had diffi-
culty initiating behaviors and were often disorganized and,
if anything, apathetic (10). Although these symptoms
demonstrated high positive predictive power in the DSM-
IV field trials, they did not have high negative predictive
power; that is, they were strongly associated with inatten-
tion but their absence did not predict absence of inatten-
tion. In addition, because the sluggish cognitive tempo
subtype had a low base rate (that is, it was observed rela-
tively infrequently in the study population), it was not in-
cluded in the final symptom list (8).

Since the publication of DSM-IV in 1994, this issue has
been reconsidered by several research groups. Several stud-
ies supported the validity of the sluggish cognitive tempo
subtype. In a study of 692 clinic-referred children, a factor
analysis indicated that the sluggish cognitive tempo items
were most strongly associated with the severe end of the
inattention spectrum. When the hyperactive/impulsive
items and the inattention items were analyzed separately,
the inattention symptoms could be broken down into two
components: the sluggish cognitive tempo items plus for-
getfulness and the DSM inattention items. These authors
noted that their results challenged the two factor structure
of DSM-IV (hyperactivity/impulsivity and inattention) and
also observed that DSM-III inattention and DSM-IV inat-
tention were not necessarily the same disorder. They con-
cluded that DSM-IV inattention was a “perhaps overly het-
erogeneous group of children” and the inclusion of the
sluggish cognitive tempo criteria might be helpful (11).

Carlson and Mann constructed a sluggish cognitive
tempo scale based on the Achenbach Teacher Rating Scale
(Achenbach 1991) and compared children with the
combined ADHD subtype and the inattentive type. The
sluggish cognitive tempo group was more prominently
apathetic, underactive and day-dreaming, and prone to
more social-emotional difficulties and withdrawal. Not
surprisingly, they received lower teacher ratings for exter-
nalizing behaviors (12).

In contrast to the two previous studies, a large
population-based study of 2,944 Australian twins, based
on parent report found little selectivity for sluggish cogni-
tive tempo symptoms based on latent class analysis. How-
ever, using a principal components factor analysis, there

were striking gender differences. In boys, the sluggish cog-
nitive tempo symptoms formed a separate factor, whereas
in girls the sluggish cognitive tempo items loaded strongly
on an inattentive factor. They concluded that the overall
pattern of ADHD behaviors was not altered by this factor,
but there were distinct gender differences (13).

In a study on a school population based on teacher rat-
ings, Gaub and Carlson observed that children with DSM-
IV combined type were severely impaired in academic and
behavioral spheres, whereas those with the inattentive type
had fewer externalizing behavior problems than those with
the hyperactive/impulsive or combined types. The hyperac-
tive/impulsive type had externalizing and social problems
but did not have learning problems or internalizing prob-
lems (14). This study was based on teacher ratings. In some
cases teachers attribute poor school performance to behav-
ior problems but, there may also be a subtle comorbid
learning disability. In a chart review comparing 143 cases
of ADHD-inattentive type and 133 cases of combined type,
the inattentive group tended to be older, have a higher pro-
portion of girls, had more comorbid internalizing disor-
ders, more academic difficulty and learning disabilities,
particularly in the realm of speech and language problems.
Although some of these children also had clinically signifi-
cant hyperactivity and impulsivity, they did not meet for-
mal diagnostic criteria (15).

A different approach to categorization of ADHD subtypes
has been suggested by researchers in the Colorado group.
Chhabildas examined the neuropsychological profiles asso-
ciated with the three ADHD subtypes (inattentive, hyperac-
tive/impulsive, and combined) as well as nonADHD
controls. Subjects were drawn from a community sample of
twins evaluated for reading disability, ADHD, and comorbid
disorders. Somewhat counterintuitively, every dependent
measure was best predicted by symptoms of inattention. The
hyperactive/impulsive type resembled the controls in many
respects, whereas the inattentive type performed more
poorly than the other groups on almost all of the neuropsy-
chological tasks (16). In another study by this group, ex-
treme scores on the hyperactivity/inattention dimension
were highly heritable only when the proband also exhibited
a concurrent elevation of inattention. If the child did not
meet criteria for inattention the hyperactive/inattentive
scores were not heritable (17).

Electrophysiological studies also provide some support
for these different subtypes. In boys with ADHD, two dis-
tinct electroencephalography (EEG) clusters were identi-
fied in the boys with ADHD of the inattentive type. One
was characterized by high-amplitude theta with decreased
delta/beta activity, and the other by increased slow-wave
and decreased fast-wave activity. These different patterns of
EEG activity were felt to reflect two physiologically differ-
ent subgroups: those who were hypoaroused and those
who had a more immature pattern (“developmental lag”)
(18). In an event-related potential study in which children
and adolescents with ADHD were compared to controls, a

216 Section II: Neuropsychiatric Aspects of Psychiatric and Behavioral Disorders of Children and Adolescents

75191_ch11.qxd  9/22/05  2:22  Page 216



Free ebooks ==>   www.Ebook777.com

stepwise discriminant function analysis demonstrated
different response patterns between the combined type,
inattentive type, and controls. The discrimination of the
adolescent groups was not at all as robust, but it would ap-
pear that event-related potentials might be combined with
other clinical information to enhance differentiation (19).
A time-frequency analysis revealed event-related slow-wave
activity that was reduced in the combined type group but
not the inattentive group. Activity in the 1- to 12-Hz range
was different in the control group and the ADHD group but
not between the ADHD subtypes (20).

Age of Onset

There are significant differences between the hyperac-
tive/impulsive type and the inattentive type in terms of the
age at which symptoms emerge. Based on a retrospective
parent report, children with ADHD become noticeably im-
paired around the age of 31⁄2 years, with the median age of
onset of the first ADHD symptom appearing around 1 year
of age. The age of onset of the hyperactive type (mean �
4.21 years) is earlier than that of the combined type (mean
� 4.88 years), and both are considerably earlier than the
inattentive type. Virtually all (193 of 199 children in the
DSM-IV field trials—98%) of the children with the
hyperactive-impulsive type of ADHD, and 82% of those
with the combined type are considered impaired before
they reach the age of 7 years. By age 9 years, all would have
met formal ADHD diagnostic criteria.

In contrast, the developmental pathway characterizing
the inattentive type is quite different: ADHD of the inat-
tentive type is often not apparent until around the first
grade (mean age � 6.13 years) and in the DSM-IV field tri-
als, some subjects did not become symptomatic until age
14 years. In the preschool years, symptoms of inattention
without hyperactivity and impulsivity are less obvious and
become impairing in half of the children with inattentive
type at some point in the first grade. Based on the Great
Smoky Mountains Study, Willoughby and colleagues noted
a similar pattern of age of onset (21). Although most
(85%) of children with the inattentive type manifest at
least one symptom before the age of 7 years, only about
half (43%) are considered impaired after age 7 years.
(Moreover, astute clinicians not infrequently identify an
adult with the inattentive type who may have been able to
function adequately enough to miss detection until they
embark on a demanding academic program in graduate
school or in a profession or they change professions.)

Using appropriate assessments, the characteristic moti-
vational and cognitive profile seen in the older individual
with ADHD can also be observed in the preschool child
(22). Moreover, children who meet full DSM-IV criteria for
ADHD in the preschool years continue to manifest these
symptoms into the school years (23). In one study involv-
ing 156 preschool children (aged 3 to 51⁄2 years) executive
dysfunction (working memory, planning, and set shifting)

as well as aversion to delay of gratification were predictive
of ADHD symptoms (24).

These findings are of considerable importance to the
clinician. One should be able to make the diagnosis of
ADHD with hyperactivity/impulsivity in the preschool
child. On the other hand, the age-of-onset criteria specified
in DSM-IV for ADHD of the inattentive type, which indi-
cates that some symptoms are “present before age 7 years,”
should not be taken too seriously, as evidence of impair-
ment may not be apparent until much later, when the child
is required to perform in an autonomous fashion (25).
Thus, the way the symptoms are expressed may differ with
age. Children with ADHD present in preschool with hyper-
activity and impulsivity. As the demands for autonomous
self-regulation increase, the inattentive profile becomes
more prominent and more impairing.

Gender

It is only in the last decade that it has been recognized
that boys and girls are at much the same risk for ADHD
and that the clinical manifestations of the disorder are not
gender-related. If anything, they may be an artifact of re-
ferral source. In earlier studies, substantial differences
with ratios of boys to girls ranging from 6 to 12 to 1 were
reported. In epidemiologic samples, the ratio is closer to 3
to 1. With more finely tuned diagnostic strategies, the ra-
tio may become even lower. The clinical presentation of
boys and girls with ADHD has also appeared to be differ-
ent. In clinic-referred populations, girls with ADHD are
more likely to have inattention and internalizing behav-
iors, and less peer aggression than boys with ADHD.
Gaub and Carlson conducted a meta-analysis comparing
ADHD symptoms, intellectual and academic functioning,
comorbid behavior problems, social behavior, and family
variables in boys and girls. They found no differences in
impulsivity, academic performance, social functioning,
fine motor skills, parental education, or parental depres-
sion. Girls with ADHD were not as hyperactive, and had
fewer externalizing behaviors, but were more intellectually
impaired. In some cases these differences were at-
tributable to referral source (26). Boys manifest much
higher rates of conduct disorder and oppositional defiant
disorder than girls, which may explain the higher rate of
referral to mental health clinics. In contrast, girls are more
likely to have higher rates of depression and anxiety, poor
self-esteem, a sense of limited control, and significant dif-
ficulties in the social sphere (27). Based on a large non-
referred sample (577 subjects), Biederman and colleagues
were unable to identify gender-based differences in full
scale IQ, rates of learning disabilities, school performance,
or social adjustment (28).

There are no gender differences in prefrontal executive
function in boys and girls with ADHD (29, 30). When
girls with ADHD are compared to controls, their ratings
on the Global Assessment of Functioning Scale, cognitive
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functioning, and academic performance are all impaired.
They have higher rates of disruptive behavior disorders,
are vulnerable to alcohol and drug dependence, and are at
risk for academic failure (31, 32). In a study of girls aged
6 to 12 years, 93 with ADHD-combined type, 47 with
inattentive type, and 88 controls, the ADHD group had
more speech and language problems and academic prob-
lems (repeating grades), externalizing/internalizing behav-
iors, and psychiatric comorbidities than the controls, and
were more likely to be adopted. Girls with the combined
type were more likely to be abused. Although girls with
the inattentive type were more likely to be socially iso-
lated, those with the combined type suffered more social
rejection (33). In terms of performance on a neuropsy-
chological test battery, there were robust differences be-
tween the girls with ADHD-combined and the control
group, but differences between girls with the inattentive
type and controls were much less prominent, and few dif-
ferences were noted between the combined and inatten-
tive types (34).

In a review of the effects of gender on ADHD, Bieder-
man and Faraone concluded that ADHD is expressed simi-
larly in both boys and girls. The differences in comorbid
psychiatric disorders, learning disability, and inattention in
boys and girls was not the result of effect modification of
ADHD but rather were features of gender differences per se.
Gender and ADHD were felt to be independent risk factors
for comorbid psychopathology. The only significant
gender-by-ADHD interaction that was identified in this
study was the higher risk of alcohol or drug-dependence in
females with ADHD compared to males with ADHD (35).
However, in the study described previously, consisting of
somewhat younger subjects, the propensity for drug de-
pendence in girls with ADHD was not replicated (28).

Comorbid Disorders and Attention
Deficit–Hyperactivity Disorder

There is a very high rate of comorbid psychiatric disorders
in children and adults with ADHD. Conduct disorder, op-
positional defiant disorder, depression and bipolar disor-
der, anxiety disorder, obsessive-compulsive disorder
(OCD), Tourette’s disorder, and learning disabilities are
present in many children with ADHD. This risk is not lim-
ited to affected children, but also extends to the first-degree
relatives of children with ADHD who are also at higher risk
for neuropsychiatric disorders than control families (36,
37). Moreover, when followed over a number of years, co-
morbid conditions can emerge in children who previously
did not meet diagnostic criteria.

The specific comorbidity is related to the subtype profile.
Children with comorbid oppositional defiant or conduct
disorder are rated as more impulsive than inattentive. Chil-
dren with comorbid anxiety disorder have higher inatten-
tion than impulsivity ratings (38). Children with ADHD of
both sexes are at risk for oppositional and conduct disorder.

In a follow-up study in which 207 caucasian boys (ages 6 to
12 years) who did not have a conduct disorder diagnosis in
childhood were then re-evaluated at age 18 years by clini-
cians who were blind to childhood status. A control group
of nonADHD adolescents was also evaluated. There was no
specific single conduct disorder or oppositional disorder
behavior which predicted later outcome. However, even the
boys who had minimal evidence of conduct disorder in
childhood were at significantly increased risk in adoles-
cence. In addition, the presence of conduct disorder and op-
positional defiant disorder also was associated with antiso-
cial personality in adulthood (39).

Mood disorders are also associated with ADHD and
tend to cluster in families. Depression and anxiety do not
appear to be related to the particular subtype of ADHD and
are present in both the combined and inattentive types to
the same degree (40). However, Vance and colleagues re-
ported that dysthymic disorder and ADHD combined type
contributed in the multiple regression analysis to the pre-
diction of oppositional defiant disorder (41). They made
the point that dysthymic disorder often emerges in early
childhood and might be regarded as a risk factor. Bipolar
disorder is also not only a comorbidity of ADHD but can
be part of the differential diagnosis. However, the associa-
tion of bipolar disorder and ADHD is still somewhat con-
troversial. In a study comparing well-functioning youths
with bipolar disorder, unipolar depression, and normal
controls, only 6.8% of those with bipolar disorder, 10% of
those with depression and none of the controls reported a
previous diagnosis of ADHD. Results of a test battery in-
volving neuropsychological assessments of attention, did
not reveal any objective differences in performance be-
tween the groups. However, the patients with bipolar dis-
order reported subjective attentional disturbance (42). In
contrast to these observations, in a study of young adults
with bipolar disorder, 67% had impaired performance on
the Wisconsin Card Sorting Test when previously assessed
as adolescents, in comparison to those with unipolar de-
pression (19%) or those without major mood disorder
(17%). Attention problems in adolescence were not associ-
ated with later bipolar disorder (43).

Anxiety disorder is also associated with ADHD and of-
ten makes treatment challenging as some children be-
come more anxious on psychostimulants. In the MTA
study, 33% of the children with ADHD met DSM-III-R cri-
teria for an anxiety disorder (excluding simple phobias).
More than half of these children also met DSM-III-R crite-
ria for comorbid oppositional-defiant or conduct disorder
(44). In one study, 146 medication-naïve elementary
school children with ADHD combined type were grouped
into those with and without dysthymic disorder. The
group with dysthymic disorder had a higher incidence of
anxiety disorder (41, 45).

Epidemiological studies have revealed a consistent and
rather complex association between ADHD, OCD, and
Tourette’s disorder. When viewed in longitudinal studies,
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tics in early childhood and adolescence were associated
with increasing OCD symptoms with maturation. ADHD
in adolescence predicted an increase in OCD symptoms in
early adulthood, and OCD in adolescence predicted more
ADHD symptoms in adulthood (46). This close association
is not surprising, given that all three disorders involve
frontal-subcortical pathways and disruption of cate-
cholamine neurotransmission (47).

Many individuals with mental retardation and autistic-
spectrum disorders (that is pervasive developmental disor-
der, autistic disorder, Asperger’s disorder, and nonverbal
learning disability) are found to have associated attention
deficit and impulsivity although these are considered ex-
clusionary criteria.

NEUROLOGY OF ATTENTION
DEFICIT–HYPERACTIVITY DISORDER

ADHD is a disorder of self-regulation reflecting dysfunc-
tion in frontal-subcortical systems that control attention,
intention, and emotional arousal. Children and adults with
ADHD have great difficulty following through on their in-
tention to perform certain tasks. Although they typically
know what needs to be done, they have difficulty initiating
work on a task (in fact, they are often skilled procrastina-
tors) and do not complete the task in a satisfactory manner.
They may perform the task so slowly or ineffectively that
they are quite frustrating to those around them. They may
rush through the task in a sloppy manner. Parents com-
plain that a child with ADHD requires constant monitoring
when performing routine tasks, and disrupts family func-
tioning by being unable to get dressed or complete home-
work without constant supervision. This is often accompa-
nied by a striking lack of awareness of the difficulty.

In this section, some of the brain mechanisms that un-
derlie the regulation of attention, motor intention (activity,
response time, inhibition and intention), and arousal and
motivation will be discussed.

Attention

We are bombarded by stimuli all the time, but not every-
thing in the world around us is of equal importance at a
given moment. Attention is an active process which enables
organisms to screen out irrelevant stimuli and to focus on
(or pay attention to) stimuli that are relevant. The metaphor
that attention is like a spotlight has been used—one may
scan the environment with a broad beam but then focus the
beam very narrowly on a few important details, or shift from
one aspect of the scene to another. Shifts in attention can be
overt—that is a shift in direction of gaze, or covert—chang-
ing the focus of attention without shifting gaze. Attentional
behaviors also need to be relatively constant during wake-
fulness (vigilance). Thus, adequate function, if not survival,
depends on being able to detect important stimuli, identify

new stimuli, shift attention as necessary, and ignore irrele-
vant stimuli. In the classroom, a child is expected to attend
to the teacher and the task at hand and not pay attention (or
at least pay less attention) to what Jimmy is doing in the next
seat, or what is happening in the hall. This also involves reg-
ulating one’s own cognitive processes. One child that we
worked with talked about his “green ideas”; namely, a flood
of rich associations about the topic at hand, or possibly
other matters, which, although undeniably brilliant and
creative, definitely impaired his ability to concentrate on the
immediate task. In addition, the child is expected to be
aware of important internal and external stimuli—a precip-
itous dash to the bathroom is appropriate in a three-year-
old, but would suggest inadequate monitoring in an eight-
year-old.

The best model for understanding the neurophysiologi-
cal processes underlying attention involves the visual
system, which has been extensively studied. The essential
feature of the processing of sensory information is that
there are top-down attentional control functions at all lev-
els of the system.

Visual information flows from the retina, through the
optic nerve, to the lateral geniculate nucleus. In the lateral
geniculate, a six-layered structure, visual information is
sorted into two systems. One system is specialized for mo-
tion detection (analysis of speed and direction or move-
ment, and depth perception and is closely linked to the
extraocular system that controls eye movements). This sys-
tem, the magnocellular system, feeds into layers one and
two which have large cell sizes. The other system, which
feeds into the other four layers consisting of smaller size
neurons (“parvocellular”), is specialized for the analysis
of shape, color, fine details, and fine depth perception.
Both of these streams then project into different layers in
primary visual cortex (V1 or Brodmann’s area 17). The
magnocellular system projects into area 4B and the par-
vocellular system to area 4A. Neurons in V1 do not iden-
tify objects or movements, but rather bars of light. The
information then flows into visual association cortex—
initially areas 18 and 19. The motion detection pathway
(also called the dorsal pathway) is divided into two sepa-
rate streams. The dorsodorsal stream arises in area V6 and
projects to the superior parietal lobule. This is part of a
broader system involved in the integration of sensory mo-
tor information; there are a multitude of connections to
motor cortex and subcortical structures, involved in the
guidance of arm movements, and the integration of arm,
eye, and head movements. Damage results in optic ataxia.
The ventral dorsal stream flows from the middle temporal
visual area (area MT) and projects to the inferior parietal
lobule, and processes visual motion (48). The ventral
pathway (or “what?” pathway travels into the temporal
lobe where information relating to objects and faces is
processed. By the time a stimulus reaches the level of
awareness, it has been cataloged as to identity (what it is),
location/orientation (where it is), the features relevant to
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its movement, familiarity (memory), and significance (its
motivational/emotional valence). The stimulus itself may
be subjected to closer inspection (selective attention). In
real-world situations, the attentional focus must be con-
stantly readjusted to either scan a broad area or focus in
on a small detail. This has been referred to as “the zoom
lens model” (49).

During this sequential process of visual stimuli, atten-
tion plays a critical role (50–52). Enhancement is a term used
by neurophysiologists to label this effect of attention on the
firing pattern of neurons. Attention increases the firing rate
of certain neurons and decreases the firing of others. In a
classical experiment, monkeys were trained to release a lever
when the light dimmed to receive a juice reward. The firing
of a single neuron in the visual system was increased if the
stimulus (a central spot of light) was important to the mon-
key, because upon release of the lever, the monkey would
get the juice. A second neuron responded with only a brief
burst of firing when another light stimulus, not linked to the
juice reward, was presented to the monkey. However, when
the second spot of light was then linked to the juice reward,
the firing rate of the second neuron increased significantly.
Thus, the rate of neuronal firing was modulated by the mo-
tivational significance of the stimulus specific to a given
context (53). In humans, a combination of functional mag-
netic resonance imaging (fMRI) and evoked potential tech-
niques have demonstrated that the initial arrival of visual
information to primary visual cortex is not attended, but
within 70 to 75 milliseconds, attentional modulation be-
comes engaged (54). In a fMRI study, subjects were asked to
fixate on one target and pay covert attention (that is, with-
out shifting gaze) to another location. Activation (or en-
hanced neural activity) was observed in the brain area cor-
responding to the attended location and was greater in
parietal and frontal areas than in visual areas (55). More-
over, in a difficult task in which subjects were required to de-
tect specific patterns, there was a clear relationship between
the extent of activation in visual cortex and adequacy of task
performance (56). However, attention is not an infinite re-
source and there are distinct limits to attentional capacity.
As attentional resources are deployed over a broader area,
the capacity of the attentional system is taxed and task per-
formance became more difficult. This was demonstrated in
an fMRI study. As the size of the attended field increased, the
activation in the visual cortex decreased, and subjects made
more errors and reaction time was increased. The investiga-
tors felt this provided substantiation of the “zoom lens
model” as well as the limited capacity notion (57).

Attention involves different processes that are instanti-
ated in different brain areas. A large, widely distributed
neural network, which involves posterior and frontal asso-
ciation cortex, is involved in guiding visual spatial attention
as well as linking working memory into the attentional sys-
tem. Voluntary attention is controlled by superior frontal,
inferior parietal, and superior temporal cortices (58). The
interparietal sulcus contains four different areas, each

integrating a specific aspect of attention, sensory input, and
representations of movement through space as well as mo-
tor exploration of space. Frontal eye fields are more in-
volved in the motor exploration aspect. This region appears
to play a crucial role in processing the sensory aspects of
covert spatial attention. In a study in which some of the con-
founding variables were controlled, it was apparent that the
parietal lobe was involved in the representation of sensory
information (the banks of the interparietal sulcus and the
temporo-occipital region were activated to a much greater
extent than frontal areas), whereas the frontal areas were in-
volved in the motor aspects of visual exploration. There was
also evidence that the parietal cortex may engage visual and
frontal cortex in the attentional processes (58).

Selective attention involves anticipatory attending to a
specific location before presentation of a visual target. It is
associated with activation of the intraparietal sulcus. When
an unexpected target is detected, there is activation in the
right temporoparietal junction (59). In another study, a
group of neurons in area 7a of the parietal lobe responded
preferentially to stimuli that require reorienting attention
(60). In addition to the posterior parietal areas, attending
to representations of external space involves lateral premo-
tor, dorsal prefrontal, and cingulate cortices. Working
memory is intimately linked to the efficient deployment of
selective attention and is subserved by a distributed system
involving intraparietal sulcus and frontal eye fields that
mediates the on-line storage of location information (61).

However, attention is also directed to internal mental
representation in the absence of any “real” extrapersonal
object. In one fMRI study, subjects were asked to orient
attention to a location that existed only as a mental rep-
resentation held in working memory. (The task was com-
plex in that a spatial array was presented which then dis-
appeared and the subjects had to hold both color and
location characteristics in working memory.) The neu-
roanatomical areas that were activated in this study over-
lapped to a great extent with those related to attending to
spatial locations, but the mental representation also re-
sulted in activation of frontal regions (62).

Lesions of the parietal lobe and transcranial magnetic
stimulation of the parietal lobe both produce neglect—un-
awareness of stimuli in contralateral space—or deficits in
disengaging visual attention from one location and shifting
it to another (63–65). Similarly, transcranial magnetic stim-
ulation of the parietal lobe results in neglect in contralateral
hemispace (Fierro 2000; Bjoetomt 2002). When ADHD chil-
dren were tested using paradigms that had been sensitive to
neglect in adults, the children’s profile was similar to that to
adults who had sustained right hemisphere lesions (66).

To summarize, attention is an active process that in-
cludes detecting important stimuli in the environment,
being able to focus on it, controlling distractibility, and
shifting attention rapidly when it is necessary to do so.
Thus, long before one becomes conscious of a specific item
in one’s environment, the nervous system has surveyed the
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environment, selected relevant stimuli, and decreased at-
tention paid to unimportant stimuli. One can see that if the
attention system is not working well, an important stimu-
lus might not be recognized (neglect), or attending to an
important stimulus may be disrupted by distraction, or the
inability to sustain attention as long as is necessary.

Hyperactivity

Hyperactivity is a common manifestation of ADHD;
children can show high levels of motor activity, fiddle with
objects, and move and shift their bodies. Older children can
appear very restless and adults with ADHD can have an un-
comfortable sense that they have to move. Hyperactivity in
children with ADHD has been documented in numerous
studies using a variety of motion detection devices (67–69).
From a neurological perspective, patients with lesions in or-
bitofrontal cortex are restless and engage in random and
purposeless movements. Some children with ADHD mani-
fest “utilization behavior.” This is behavior that is initiated
by a common object (such as a pencil or a knife) and the pa-
tient performs the activity even when it is grossly inappro-
priate (70). It is important to emphasize that not all frontal
lobe lesions result in hyperactivity. Patients with lesions in
the anterior cingulate area are often hypoactive and abulic.
Lesions involving the caudate nucleus and the mesolimbic
system also result in hyperactivity (Davis, 1958; Koob et al.
1981). In rodents, the hippocampal-accumbens-subpalli-
dal circuit appears to be associated with increased locomo-
tor activity (Mogenson, 1984). In a study involving the se-
lective breeding of mice with a propensity to “voluntary”
wheel-running, a total of 11,904 genes were screened using
high-density oligonucleotide arrays. Increased wheel-
running was associated with a significant increase in ex-
pression of 30 genes (primarily involved in transcription
and translation) and, more specifically, a 20% increase in
the expression of dopamine D2 and D4 receptor mRNA in
the hippocampus (71). The major neurotransmitter impli-
cated in hyperactive behaviors is dopamine; for example,
akathisia is noted in patients with Parkinson’s disease (Lang
and Johnson 1987). Tassin and colleagues (1978) reported
that motor restlessness in rats was inversely correlated with
prefrontal cortical dopamine. The “knockout” mouse that
lacks the dopamine transporter gene, which then results in
increased extracellular dopamine, manifests a remarkably
high level of motor activity (Giros et al. 1996). Jucaite and
colleagues conducted a PET-scan study that involved ado-
lescents with ADHD and young adults, who served as con-
trols. The study used selective radioligands to assess the
relationships between the binding potential of dopamine
transporter and dopamine receptor D2 density in various
brain regions to levels of attention and hyperactivity. There
were no group differences noted in radioligand binding in
the striatum, but the binding potential of the dopamine
transporter in the midbrain was significantly lower in the
ADHD group. Dopamine receptor D2 binding in the right

caudate showed a significant positive correlation with hy-
peractivity (72). Thus, although the neural circuitry under-
lying hyperactivity has not been as clearly defined in hu-
mans, it appears to be related to several different areas all of
which involve dopaminergic neurotransmission.

Impulsivity

In DSM-IV, impulsivity is defined by three criteria—
blurting out answers before questions have been com-
pleted, having difficulty awaiting turn, and interrupting or
intruding on others. More broadly, impulsivity involves
not waiting for complete information before plunging
into a task, not considering undesirable consequences,
proceeding with an action based on limited information,
and difficulty inhibiting an inappropriate response. Psy-
chiatrists include an even broader array of complex
behaviors such as suicide, pathological gambling, klepto-
mania, intermittent explosive disorder, and addiction un-
der the rubric of impulsivity. Impulsivity also includes a
broad range of behaviors such as inability to tolerate de-
lays, and a tendency to perseverate. From a neurological
viewpoint, impulsivity is a deficit in controlling responses
to stimuli. In this context, impulsivity is defined as a
deficit in response inhibition. However, on analysis, in
addition to inhibitory control, impulsivity can also be
viewed as an aversion to delay.

There are a number of experimental paradigms that are
used to measure impulsivity in individuals with ADHD. The
Stop Signal Paradigm assesses inhibitory control. The
Choice-Delay Task monitors delay aversion. The Go–No Go
task assesses the ability to withhold a response, particularly
in a situation in which a prepotent response pattern has been
established. The Gambling task monitors delay aversion in a
context which requires weighing highly motivating factors.
Solanto and colleagues studied a group of 7.0- to 9.9-year-
old children with ADHD using the Choice-Delay and Stop
Signal tasks. ADHD subjects performed significantly more
poorly on both tasks, and both were associated with ADHD,
suggesting that aversion to delay and inability to inhibit re-
sponses were features of ADHD. The Choice-Delay task cor-
related with teacher ratings of impulsivity, hyperactivity,
conduct problems, and aggression as well as the ADHD
composite score. This suggests that delay aversion is associ-
ated with a broad range of ADHD behaviors. In contrast, the
Stop Signal task correlated with the behavioral observations,
and appears to tap executive control. One neurological ex-
perimental model involves the inability to inhibit gaze to a
visual target. In this context, distractibility would be consid-
ered an intentional motor deficit rather than an attentional
deficit. Deficits on contrasaccade tasks are associated with
medial frontal lesions (Butter et al. 1988, Guitton et al.
1985). Difficulties inhibiting gaze have been described in
children with ADHD. In a study which required subjects to
delay before shifting gaze to a target held in working
memory, children with ADHD performed more poorly
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than controls in the inhibition component of the task, but
had no difficulty in response preparation or in the memory
component (Ross et al. 1994). Similarly, children with
ADHD had much greater difficulty in contrast to controls
in inhibiting gaze to a visual stimulus (Voeller et al. 1990). 

There is a strong link between impulsivity and dysfunc-
tion of the frontal-subcortical circuits, particularly the right
orbitofrontal area (73). The amygdala, which is highly in-
terconnected with prefrontal cortex, is also involved with
impulsivity (74). Lesions of the subcortical nuclei, which
receive orbitofrontal projections, are also associated with
impulsive behaviors. For example, individuals with Syden-
ham’s chorea manifest significant impulsivity (75). In a
study of the Go–No Go task performed by normal subjects
who had undergone extensive assessments of impulsive
traits, neural response inhibition activated right lateral or-
bitofrontal cortex and was strongly correlated with
Eysenck’s impulsivity score. Other cortical areas—the supe-
rior temporal gyrus, medial orbitofrontal cortex, cingulate
gyrus, and inferior parietal lobule, more on the right than
left—were also activated. Subjects who had higher impul-
sivity ratings and made more errors had greater activation
of paralimbic areas during response inhibition, while less
impulsive individuals and those with least errors activated
higher order association areas.

In terms of neurotransmitters and pharmacology, nu-
merous reports have linked decreased central nervous sys-
tem serotonin to impulsive behaviors. However, Winstan-
ley, in a study on rats that had depleted forebrain serotonin
levels, noted only a subset of behaviors that could be con-
strued as impulsive, suggesting that impulsivity is not a
unitary construct (76). However, there also appears to be a
role for dopamine as one of the neurotransmitters involved
in impulsive responding (77). Hershey and colleagues
studied eight neuroleptic-naive adults with tic disorders
and controls on a Go–No Go task before and during IV lev-
odopa infusion. In the baseline condition, higher cerebel-
lar activations were associated with faster reaction times
and higher parietal activation with higher error rates. There
was no difference in actual task performance, but the study
indicated that lower levels of activation were required in
the presence of this dopamine agonist (78).

In summary, impulsivity is a less well-defined entity,
both behaviorally and neurologically than other aspects of
ADHD. There is a body of research indicating that it is in-
stantiated in orbitofrontal cortex and related subcortical
circuits. There is evidence that impulsive behaviors are at
least in part related to genetic makeup. Serotonin likely
plays an important role in regulating impulsivity. However,
both dopamine as well as other neurotransmitters interact
in a complex way with serotonin.

Regulation of Arousal

Arousal refers to a state of physiological readiness that
enables the organism to respond to incoming stimuli and
develop appropriate responses. Although arousal is often

triggered by novel or exciting environmental stimuli, the
ability to regulate one’s level of arousal with relative auton-
omy so that it is appropriate to the situation is an important
adaptive strategy. If a child is working on a long and boring
task, maintaining alertness and persevering is very helpful.
On the other hand, the ability to remain calm and decrease
the impact of unpleasant and distracting stimuli in certain
situations is also an advantage. Arousal is closely linked to
motivation and the ability to sustain attention and persist in
performance when confronted with a difficult or boring task.
The regulation of one’s internal arousal is not one of the
DSM criteria for ADHD, but it has considerable clinical rele-
vance, particularly when dealing with children in an educa-
tional setting. Children with ADHD appear to have difficulty
regulating their internal emotional states.

The concept of “sensory integration,” a term used by oc-
cupational therapists, is another aspect of arousal. Occupa-
tional therapists note that some children are hypersensitive
whereas others are quite unaware of stimuli in some or all
sensory modalities. Some children may find tactile stimuli
such as rough carpet, sand or grass on bare feet, or scratchy
clothing tags or sweaters particularly unpleasant. Noises
and visual stimuli can be particularly distracting. Other
children appear to have very high sensory thresholds and
are often unaware of stimuli. Some of these children may
use motor activity to enhance stimulation. A preferred term
for “sensory integration disorder” might be “sensory mod-
ulation disorder,” which would include sensory overre-
sponsiveness, sensory under-responsiveness, and sensation
seeking/craving (personal communication, L. Miller).
From the point of view of a clinician who deals with chil-
dren with ADHD as well as those sensory modulation dis-
orders, they appear to be close cousins, if not reflections of
the same dysfunctional attention/sensory processing sys-
tem that is seen in ADHD. Sensory overresponsiveness
could be viewed from a neurological perspective as an im-
pairment in the ability to downregulate incoming sensory
stimuli and would be related to a failure to not only mod-
ulate and habituate to sensory stimuli, but to inhibit re-
sponse, which would map on to distractibility. Sensory un-
derresponsiveness, like inattention, is a failure to detect
stimuli. This lack of awareness of external stimuli is often
coupled with underarousal. These children clinically re-
semble Lahey’s “sluggish cognitive tempo” type. One might
speculate that sensation seeking/craving is another mani-
festation of inattention and underarousal, and these chil-
dren are attempting to enhance sensory input and maintain
arousal by movement. Some children with ADHD manifest
extreme restlessness and are in constant motion at the same
time they appear quite drowsy and underaroused (they
yawn profusely).

Representation and Awareness of Time

Although the representation of time is not a DSM-IV diag-
nostic criterion for ADHD a number of studies have
presented evidence that individuals with ADHD have
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difficulty with time estimation. This idea was introduced by
Barkley (79), and although there has been some contro-
versy, a number of subsequent studies have supported this
notion (80). A widely distributed neural network is in-
volved in time estimation, which includes the frontal, pari-
etal, cortices basal ganglia, and the cerebellum (81, 82).

Subtle Deficits in Motor Performance in
Attention Deficit–Hyperactivity Disorder

There is a considerable body of information relating to
motor performance in children with ADHD. In the absence
of any classical neurological deficits, children with ADHD
as a group manifest deficits in the regulation of motor
performance. In one study, a discriminant function analysis
classified 89% of boys who were hyperactive versus controls
based on speed, rhythm, and overflow (83). Differences in
velocity, coordination, and accuracy were observed in
children with ADHD and controls during the performance
of bimanual movements (84) as well as when programming
goal-directed arm movement, particularly in the absence of
visual feedback (85). In a prospective study of 5- and 6-year-
old children, those who, when assessed several years later
met criteria for ADHD, manifested much greater difficulty
in regulating motor performance (86). They were more
inaccurate and much more variable in performance. It may
be that this type of variability in motor performance is more
prominent in the preschool child with ADHD and becomes
less apparent with age. Adults with prefrontal lesions
typically manifest variability in motor performance (87).

NEUROIMAGING STUDIES

There are numerous morphometric MRI studies that have
identified relatively consistent differences in the brains of
children with ADHD compared to normal controls. A
particularly informative study is a large, longitudinal
NIMH study involving children with ADHD and age- and
gender-matched controls (Castellanos, 2002). The mean
total cerebral volume in children with ADHD is slightly
(approximately 5%) but significantly smaller than con-
trols (88–93) (Fillipek 1997). In one study in which un-
affected sibling of boys with ADHD were examined, the
unaffected siblings also showed a slight (but statistically
significant trend) amounting to 3.4% reduction in total
cerebral volume (89).

Various components of the cortical-striatal-thalamo-
cortical circuits and cerebellum have been reported, with
fair consistency, to be affected in most studies. These in-
clude frontal lobe (88, 91, 93–95) (Castellanos 2002), cau-
date nucleus (88, 96) (Castellanos 2002, Filipek 1997) as
well as other basal ganglia structures ( 97, 98) and cerebel-
lum (88, 90, 99, 100) (Castellanos 2002, Filipek 1997). In
normally developing children, the caudate appears to de-
crease in size as the child matures (consistent with neuronal
pruning, which is seen in many different areas in the course

of normal development) (88, 101) (Castellanos 2002). The
decrease in size of the caudate is present early in develop-
ment, suggesting that there is specific disruption of normal
neuronal growth. Moreover, there is evidence that right
hemisphere structures are affected to a greater extent than
left hemisphere structures (88–90, 98, 102, 103) (Castel-
lanos 2002, Filipek 1997). This is interesting, given the role
of the right hemisphere in regulating sensory attention and
motor intention in the majority of humans (66, 104).

Functional neuroimaging is consistent with the mor-
phometric findings in that these studies reveal anomalous
patterns of function in the prefrontal-subcortical circuits,
often more prominent in the right hemisphere (105, 106).
Early studies, which were not consistently replicated, sug-
gested a complex interaction between gender, age, and
hormonal effects (107–109).

When children are asked to perform a task that places
demands on the frontal executive system, those with
ADHD have atypical patterns of activation. In one study,
children with ADHD and controls were studied using fMRI
during a Go–No Go task. In general, fMRI scans on chil-
dren performing tasks that demand executive function con-
trol have somewhat different patterns of activation than
those seen in adults (110). However, when compared to
age-matched controls, children with ADHD do not activate
frontostriatal networks to the same extent as those without
ADHD, but rather manifest a more diffuse activation pat-
tern, suggesting a delay in the development of frontostriatal
circuits (111). In another fMRI study involving children
with ADHD and controls performing two somewhat differ-
ent types of Go–No Go tasks, children with ADHD made
more errors than controls. In one task, children with
ADHD activated frontal areas to a greater extent than con-
trols. Although this is not consistent with the findings in
other studies, it is possible that in that specific paradigm,
subjects with ADHD had to exert more effort than controls.
(In this study, other brain regions were not examined so
that there was no opportunity to see the diffuse activation
pattern described in the Durston study.) After receiving
methylphenidate, there was a decrease in the number of er-
rors, particularly in the ADHD group. Both the controls and
the children showed increased frontal activation. Striatal
activation was increased in the children with ADHD, but
decreased in the controls (112).

Schulz and colleagues examined male adolescents who
had been diagnosed with ADHD at an earlier age, and
divided them into “persisters” (those who continued to
meet DSM-IV diagnostic criteria), “remitters” (those who no
longer met DSM-IV criteria), and a group of matched
controls who had never had ADHD. The subjects performed
a Go–No Go task with fMRI monitoring. All groups
activated ventrolateral prefrontal cortex to some extent, but
there was a difference between the groups in both the
number of commission errors and extent of activation.
Commission errors ranged from 33% in the subjects who
continued to meet full DSM-IV diagnostic criteria, to 13%
in the control group. The remitters made 24% errors. There
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was much greater activation in the persister group than in
the controls (113–115).

In a study comparing adolescents with ADHD, those
with dyslexia, those with ADHD and dyslexia, and controls,
subjects with ADHD and dyslexia activated left ventral
basal ganglia significantly less than did the controls.
Methylphenidate decreased the level of activation but did
not significantly change performance (116).

A technical issue of relevance to the interpretation of
these studies is the concept of deactivation: the suspension or
inhibition of ongoing background neuronal activity during
the performance of tasks requiring increased cognitive activ-
ity (117). The computation involves subtracting the cogni-
tive task condition from the control or baseline condition.
This is the opposite of activation (cognitive task condition
minus baseline) and is observed in normal individuals.

In a Go–No Go study, a number of methodological
issues in the paradigm were carefully controlled so that it
was possible to discriminate activation during the segments
of the task in which inhibition was required. There were
significantly more omission and commission errors made
by the ADHD subjects than by the controls. This was
accompanied by marked hypoactivation of the anterior/
midcingulate cortex extending to the supplementary motor
area. It was also noted that the left temporal gyrus was hy-
peractivated (118).

Dysfunction in the frontal-subcortical system has been
supported by magnetic resonance spectroscopy (MRS)
studies. Two of these studies have revealed an increase in
the glutamate/glutamine/ GABA ratio in frontal-striatal cir-
cuits of children with ADHD (Macmaster et al. 2001; Cour-
voisie et al. 2004). This can be interpreted as reflecting an
imbalance between excitatory (glutamate) and inhibitory
(GABA) neurotransmission, particularly at various nodes
in the frontal-striatal system, which has been implicated in
ADHD. This imbalance can be interpreted as either due to
increased excitation or reduced inhibition. There has been
less consistency related to N-acetylaspartate with some in-
vestigators reporting no difference (McMaster et al. 2003),
a unilateral (right frontal) increase (Courvoisie et al. 2004)
or a bilateral decrease in the basal ganglia (Jin et al. 2001;
Sun et al. 2005). Jin et al. (2001) suggested that there might
be a neuronal loss in the striatum as well as an increase in
cholinergic activity. N-acetyl aspartate is generally consid-
ered a marker for neuronal viability, although, arguably, it
may reflect formation and maintenance of myelin. In the
study by Sparkes et al. (2004) there was a positive correla-
tion between N-acetyl aspartate /creatine and mean reac-
tion time in the controls which was significantly different
from the negative correlation of the same magnitude in the
ADHD group (Sparkes 2004). Interestingly, the subgroup
of children with ADHD whose N-acetyl aspartate /creatine
ratios were close to that of controls still had longer reaction
times than controls. In one study, a decreased N-acetyl as-
partate/creatine ratio in girls with ADHD was noted relative
to both controls and boys (Yeo et al. 2003). These studies

are intriguing but should be interpreted with caution be-
cause of the relatively small sample sizes and resulting lim-
ited statistical power. 

NEUROTRANSMITTERS,
TRANSPORTERS, AND RECEPTORS
RELATED TO ATTENTION
DEFICIT–HYPERACTIVITY DISORDER

Synapses are the basic structures underlying neurotransmis-
sion and brain function. A synapse is composed of a presy-
naptic neuron and a postsynaptic neuron which are sepa-
rated by a synaptic cleft. Neurotransmitters are synthesized
and packaged into synaptic vesicles in the presynaptic neu-
ronal terminal. In response to a nerve impulse, the vesicles
are extruded into the synaptic cleft; approximately 1,000
molecules of neurotransmitter per terminal. The neurotrans-
mitter then binds to the cell membrane of the postsynaptic
neuron, triggering a nerve impulse. Neurotransmitter in the
synaptic cleft is then either recaptured by specialized
monoamine transporter proteins, located in the plasma
membrane of the presynaptic neuron and repackaged into
synaptic vesicles; or the neurotransmitter is degraded by en-
zymes, such as the monoamine oxidases, or catechol-o-
methyltransferase. These transporters and enzymes are the
targets for many psychiatric drugs, which modify the
amount of neurotransmitter available and modify brain
function. Dopamine, norepinephrine, and serotonin belong
to a family of monoamine transporters, part of a larger group
of Na�- and Cl�-dependent transporters. This section will
focus on dopamine and norepinephrine, which have been
extensively studied in relation to ADHD. However, it is
apparent that a number of other neurotransmitters
(glutamate, gamma-aminobutyric acid (119), and
acetylcholine) figure prominently in modulating dopamin-
ergic and adrenergic neurotransmission. In addition, growth
factors, such as brain-derived neurotrophic factor, and other
regulators of synaptic function play an important role in
regulating the neural networks that are involved in ADHD.

The Dopaminergic System

Dopamine has long been thought to be a neurotransmitter
that plays an essential role in the pathophysiology of
ADHD. Dopamine is evolutionarily a highly conserved
neurotransmitter, being found in very primitive organisms.
Dopaminergic neurons are involved in learning, as well as
maintaining trained/conditioned responses, and moti-
vated, goal-directed behavior (120–122). (Schultz 1986,
1993). Dopamine appears to serve a special function in the
extraction of reward-related information from an array of
environmental stimuli and in using this information in
programming goal-directed behaviors (123, 124).
Dopamine also plays an important role in the prefrontal
circuits that subserve working memory; the ability to “keep
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something in mind” for a brief time (125, 126). Prefrontal
cortex is highly dependent on a relatively narrow range of
dopamine for adequate functioning: too little dopamine
impairs working memory (127), too much dopamine dis-
rupts cognitive function (128). However, in contrast to the
abundant dopaminergic innervation of the striatum,
dopaminergic neurons are not as dense and have a high fir-
ing rate and a much higher rate of dopamine turnover than
dopaminergic neurons in the striatum (129, 130). More-
over, the dopamine transporter is not at all as prevalent as
it is in other areas.

There are two dopaminergic systems: the nigrostriatal
system, which arises from the substantia nigra and projects
to the caudate and putamen (relay stations in the cortical-
striatal-thalamo-cortical circuits); and the mesolimbic
system, which arises from cell bodies in the mesencephalic
ventral tegmental area of Tsai (A10), the substantia nigra
pars compacta (A9), and the caudolateral cell group (A8),
and projects to the nucleus accumbens and the ventro-
medial sector of the striatum, which in turn receives
projections from the limbic system (131). Dopaminergic
projections to the cortex involve primary motor cortex, and
association neocortex (dorsomedial prefrontal cortex and
inferior parietal cortex) (132), with relatively sparse
innervation of primary visual, auditory, and somatosen-
sory cortices (133, 134).

The human dopamine transporter is a protein consisting
of 620 amino acids forming 12 putative transmembrane
domains. It maps to chromosome 5p15.3 (135, 136). The
coding region of the DAT-1 gene (also referred to SLC6A3)
is of fixed length–a 2-kb coding region, consisting of 15
exons distributed across an over a 64-kb gene, that has lit-
tle genetic variability (137). However, there is considerable
variation in the length of the 3�-untranslated region
(3�UTR) due to a variable number of tandem repeats
(VNTRs) (135, 136, 138).

The dopamine receptors are part of a family of “G-
proteins” (guanosine triphosphate binding proteins). These
proteins traverse the cell wall membrane of the neuron and
contain seven transmembrane domains. Once dopamine is
bound to the receptor, it activates a cascade of biochemical
events inside the cell, which either enhance or inhibit cyclic
adenosine monophosphate (cAMP) production. In this
complex sequence transcription factors are activated and
early immediate genes are expressed, which in turn activate
the expression of other genes. It is likely that the dopamine
in humans originally arose from two gene subfamilies, the
D1-like (consisting of D1 and D5) and the D2-like (D2, D3,
D4) receptor genes. D1-like receptor genes do not contain
introns in their protein coding regions, whereas the D2-like
genes do. D1 and D5 receptors are excitatory, whereas D2,
D3, D4 receptors are inhibitory. Based on positron emission
tomography (PET) scan studies using radioligands as well as
the distribution of mRNAs, it has been observed that
dopamine receptor subtypes types are concentrated in
different brain areas: D1 and D2 receptor mRNAs are found

in the caudate and putamen, whereas the D3 and D4
receptors are clustered in limbic areas, and D5 receptor dis-
tribution is restricted to hippocampus, the hypothalamus,
and the parafascicular nucleus of the thalamus (139–141).

However, there is yet an additional level of variability.
Each receptor subtype also has different genetic variants,
which behave in physiologically different ways, with
different binding affinities. For example, there are three
dopamine D5 receptor subtypes. The “standard” dopamine
D5 receptor, which consists of 477 amino acids, and two
other dopamine D5 receptor subtypes coded by “pseudo-
genes.” These shorter D5 receptor variants are composed of
only 154 amino acids and likely function very differently.
There are “short” (414 amino acids) and “long” (443
amino acids) versions of the D2 receptor, as well as several
other D2 receptors which vary because of different amino
acids inserted at different points in the protein. Similarly,
there are several different variants of the dopamine D3
receptor. Ten different D4 receptor subtypes have been
identified; they differ in the number of 48 base-pair repeats
in the putative third cytoplasmic loop, ranging from one to
ten repeats. These various receptor subtypes also show
differences of variable clinical significance. Two examples
of this phenomenon should provide some insight into the
complexity of the process. One patient, with the D4Va-
line194Glycine variant was reported as being strikingly less
sensitive to dopamine, clozapine and olanzapine (142).
Similarly, the long and short dopamine D2 receptor vari-
ants show different patterns of response to prior activation
of protein kinase C without changing dopamine-induced
inhibition (143). In rats, Martres and colleagues demon-
strated a 70% increase in striatal D2 mRNA levels following
a 15-day treatment with haloperidol, but no change in
mRNA levels in cerebral cortex or brainstem. In contrast,
the amount of long D2 receptor mRNA was decreased to a
greater extent than the short D2 receptor following 6-
hydroxydopamine treatment in the substantia nigra (144).

Several polymorphisms of the dopamine D4 gene have
been identified. There have been numerous studies
(145–153) and several meta-analyses (154, 155 ) support-
ing the association between the dopamine D4 48 base-pair
seven-repeat allele in exon 3 and ADHD. However, some
studies did not support the association (156–160).
Another 120 base pair repeat promoter polymorphism, up-
stream of the 5� transcription initiation site, may be associ-
ated with ADHD, particularly the inattentive type (161).
Leung and colleagues conducted a study in the Chinese
Han population. Rather than the expected increase in the
seven-repeat allele, they found an unexpected 1.65 times
increase in the two-repeat allele, which can be interpreted
as supporting the association between the dopamine re-
ceptor D2 and ADHD, but with differences in the number
of repeats that are specific to a given ethnic group (162).

Recently a series of studies examined the relationship
between performance on cognitive tasks assessing atten-
tion and impulsivity, independent of a specific diagnosis
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of ADHD. This approach has yielded some interesting
results and provided evidence that specific genotypes are
related to specific cognitive profiles. Langley and col-
leagues examined the effect of the dopamine D4 receptor
seven-repeat allele in 133 drug-naive children ranging in
age from 6 to 13 years on a series of neurological tasks
sensitive to inattention, impulsivity, response inhibition,
and monitored activity level. The patients were divided
into two groups: those with one or more dopamine D4
receptor seven-repeat alleles (38.3%) and those without
(61.7%). The groups did not differ significantly in age or
IQ. Although the children with the seven-repeat allele had
a significantly higher total number of ADHD symptom
than those without, the groups did not differ when the
symptoms were subdivided into inattention or hyperac-
tivity/impulsivity. The children with the seven-repeat
allele showed significantly higher rates of oppositional
defiant disorder and conduct disorder than those without.
The children with the seven-repeat allele also tended to
trade speed for accuracy (they were faster but more
impulsive and more error-prone) and were more hyperac-
tive. Interestingly, there was little difference between
children with ADHD and the seven-repeat allele and
those with ADHD without the seven-repeat allele, but
these subjects differed significantly from the nonADHD
control subjects (163).

Norepinephrine

Norepinephrine (noradrenaline) is involved in regulating
alertness and attention. Norepinephrine neurons arise
from the locus coeruleus and innervate the dorsomedial
and anterior cingulate regions (cortical regions heavily
involved in attention) (164–166). Norepinephrines are
also preferentially found in layers V and VI, which receive
thalamocortical afferent fibers (167). Prefrontal cortex is
reciprocally connected with the locus coeruleus, which
enables prefrontal cortex to exert top-down control on
attention (168). There is also a peripheral noradrenergic
system, which regulates the cardiovascular system
controlling blood pressure and heart rate (the “fight or
flight” response).

The norepinephrine system plays a key role in stimulus
detection and alertness. Neurons in the locus coeruleus
respond to environmental stimuli (particularly novel
stimuli), are quiet during sleep, and do not respond to
automatic grooming and feeding behaviors (169, 170).
There are four main types of central noradrenergic recep-
tors: alpha-1, alpha-2, beta-1, and beta-2. Alpha-1 and the
beta-1 and -2 receptors are primarily postsynaptic, whereas
alpha-2 receptors are found at both presynaptic and post-
synaptic sites. The presynaptic receptors are autoreceptors;
that is, in response to an agonist, they downregulate nora-
drenergic activity by a negative feedback mechanism.

Although it was previously believed that a nerve terminal
could store only one neurotransmitter, it is now recognized

that two neurotransmitters may be colocalized in one neu-
ron (e.g., dopamine 1 and dopamine 2 may colocalize in
neostriatal neurons) (171). In prefrontal cortex, Sawaguchi
observed that about one-third of the neurons in prefrontal
cortex responded to both dopamine and norepinephrine.
However, the two neurotransmitters elicited quite different
responses: dopamine was involved in the modulation of
goal-directed motor performance guided by external cues,
whereas norepinephrine appeared to modulate visual per-
ception and behavioral arousal (124).

The norepinephrine transporter (NET1) functions to
block the reuptake of norepinephrine into the presynaptic
neuron, thus increasing available norepinephrine at the
synapse. Atomoxetine is a selective NET1 inhibitor. Thus,
the norepinephrine transporter is an attractive susceptibil-
ity factor in ADHD. A transmission disequilibrium test
revealed a significant association between two NET1 single
nucleotide polymorphisms (SNPs) and ADHD (172).
However, another study yielded what might be a small
effect, but no evidence of a significant association (173).

Serotonin

Serotonin has been implicated in a broad range of neu-
ropsychiatric disorders, mood disorders, OCD, drug abuse,
and impulsive/aggressive behaviors, all of which are also
frequently observed in children and adults with ADHD. The
serotonin transporter is the target for the selective serotonin
reuptake inhibitors, which have become central to the treat-
ment of many psychiatric disorders. Serotonin modulates
the function of dopaminergic neurons (174), as well as that
of other neurotransmitters (175). Dysregulation of the sero-
tonergic system results in hyperactivity (176). Moreover, in
DAT-1 knockout mice who are markedly hyperactive, re-
duction in hyperactivity following psychostimulant treat-
ment requires a functioning serotonergic system (177). For
all these reasons, a number of studies assessing the rela-
tionship of the serotonin transporter and specific serotonin
receptors to ADHD have been conducted.

Susceptibility to ADHD has been linked to various poly-
morphisms of the serotonin transporter. A common 44
base pair deletion in the promoter region of the serotonin
transporter gene (5-HTTLPR) results in reduced transcrip-
tion and lower transporter protein levels. The homozygous
L/L polymorphism results in higher levels of serotonin,
which is associated with severe hyperactivity in animal
studies. Several studies have reported a significant associa-
tion between the long allele of the 5-HTTLPR gene and
ADHD (178–183). In some studies, there was also an asso-
ciation of the L/L polymorphism with conduct disorder as
well (180).

A possible association between polymorphisms of the
serotonin HTR2A receptor and the 5-HT1B receptor genes
and ADHD has also been reported (184–186). In a study of
the T102C polymorphism of the HTR2A gene in a group of
older women with seasonal affective disorder, those
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women who were homozygous for the C polymorphism
had a significantly higher score for retrospectively assessed
ADHD behaviors than those with the T/T or T/C genotype
(187). However, these associations vary with the particular
ethnic group studied, and, not surprisingly, some studies
have failed to show associations between these genes and
ADHD (188–190).

Glutamate

L-Glutamate, the most abundant excitatory neurotransmit-
ter is involved in prefrontal-striatal and as thalamocortical
projections. There are two types of glutamate receptors:
metabotropic and ionotropic. Metabotropic receptors are
members of the G-protein family (guanine nucleotide
binding proteins) and trigger neural impulses through a
biochemical cascade that is slower and longer-lasting than
ionotropic receptors. Ionotropic receptors are ligand-gated
ion channels and mediate rapid transmission. They consist
of N-methyl D-aspartate (NMDA) receptors and closely
related alpha-amino-3-hydroxy-5-methyl-4-isoxazolepro-
pionic acid receptors (AMPA) and kainate receptors. These
receptors play a crucial role in enhancing cognition by
promoting synaptic plasticity and increasing the produc-
tion of trophic factors. Glutamate has been implicated in
ADHD in a number of clinical and preclinical studies. The
glutamatergic and dopaminergic systems have a complex
pattern of interaction. Glutamate may also be involved in
the treatment response to psychostimulants, as magnetic
resonance spectroscopy studies have revealed a significant
decrease in the striatal glutamate/glutamine/GABA-to-
creatine ratio following treatment with psychostimulants
(191) (Carrey 2003).

The ionotropic glutamate receptor N-methyl D-aspar-
tate 2A GRIN2A (NMDA-2A) gene that encodes the N-
methyl D-aspartate receptor subunit 2A (NMDA2A) maps
to chromosome 16p13. One study reported linkage
between 16p13 and ADHD (192) Other studies have
reported a positive association of the GRIN2A exon 5 poly-
morphism with ADHD (160), whereas others have not
(193). Another study demonstrated linkage between the
SLC1A3 (Solute Carrier Family 1, member 3) gene
(encoding a glial glutamate transporter), which maps to
chromosome 5p12 (194). Genome-wide scans have also
implicated this region as one possibly related to ADHD.
(However, this is also close to the locus of the dopamine
transporter gene.) This locus is thus both a functional and
positional candidate for ADHD.

Gamma-Amino Butyric Acid

GABA is an inhibitory neurotransmitter in the mature
brain. There are numerous types of GABA receptors. GABA
(A) receptors in prefrontal cortex regulate prefrontal corti-
cal neurons by continuous “silent” task-related inhibition,
which appears to contribute to behavioral organization

(195). There are also an array of GABA polymorphisms that
have a variable effect on behaviors mediated by prefrontal
cortex, particularly dopamine. Although GABA plays an
important role in the regulation of these networks, it has
not been examined in relation to ADHD. The noteworthy
aspect of this neurotransmitter is its double life: in the de-
veloping brain, it is the first neurotransmitter to become
functional and at that time, it behaves as an excitatory neu-
rotransmitter through a diffuse, paracrine nonsynaptic
mode of action. At this early stage, it plays an important
role in neuronal proliferation, migration, dendritic
arborization, and synaptic modeling. GABAergic synapses
also interact with developing glutamatergic synapses (196).

Other Aspects of Synaptic Function
Possibly Related to Attention
Deficit–Hyperactivity Disorder

An important aspect of synaptic function involves the
formation of synaptic vesicles and the extrusion of neuro-
transmitter into the synaptic cleft. Numerous factors
regulate synaptic function in addition to the transporters
and receptor–vesicle docking proteins, agrins, which
control clustering of receptors, and synapsins, which
regulate neurotransmitter release.

One of the important components of this process is
synaptosomal protein synaptic vesicle docking fusion
protein 25 kDa (SNAP-25), which belongs to a family of
soluble N-ethylmaleimide-sensitive factor attachment
(SNARE) proteins that form complexes bridging the two
cellular membranes and play an important role in presy-
naptic neurotransmitter release in association with the
other vesicle-associated membrane proteins (VAMP)—
syntaxin and synaptobrevin. Any disturbance of SNAP-25
would thus be expected to impair neurotransmitter release.
The hyperactive coloboma mouse is hemizygous for a dele-
tion of the SNAP-25 gene. These mice have a selective
deficit of dopamine release in the dorsal striatum coupled
with a significant increase in norepinephrine concentration
in the striatum and nucleus accumbens (Jones 2001; Wil-
son 2000). A number of studies in humans have supported
the association between SNAP-25 (on 20p11.2) and
ADHD. There is some evidence that the gene is imprinted
and preferentially inherited from the father (198, 199; Barr
2000, Mill 2002, 2004). However, not all studies have sup-
ported this association.

Dopamine- and cAMP-regulated phosphoprotein
of 32 kDa (DARPP-32)
DARPP-32 integrates various neurotransmitter, neuromod-
ulator, and neuropeptide signaling pathways in the stria-
tum and, depending on the state of phosphorylation,
serves as a molecular switch. There is a very complex
response to glutamate (201). DARPP-32 is thought to play
a central role in dopaminergic reward pathways and to be
involved in response to a number of drugs of abuse (202).
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Although DARPP-32 has been postulated as possibly being
associated with ADHD, studies in humans have not been
conducted (203).

Brain-Derived Neurotrophic Factor
Brain-derived neurotrophic factor (BDNF), which is
involved in neuronal plasticity and survival, increases spine
density on pyramidal neurons and enhances the synaptic
efficacy of glutamate, has been mapped to 11p14 (204).
BDNF is found in high concentration in the hippocampus
and prefrontal cortex, and appears to play an important
role in memory and prefrontal function. A number of
studies have implicated BDNF polymorphisms in mood
disorders (particularly bipolar disorder), schizophrenia,
and OCD (205). An MRI morphometry study on a group of
normal individuals indicated that the val66met polymor-
phism results in anomalies in prefrontal cortex and hip-
pocampus (206). Kent and colleagues reported preferential
transmission of the BDNF valine (G) allele to offspring
with ADHD. There were significantly more paternal than
maternal transmissions (207).

Catecholamine-O-methyl Transferase
Catecholamine-O-methyl transferase (COMT) degrades
catecholamines by converting dopamine to 3-methyoxytyra-
mine, thus playing a major role in prefrontal function. This
gene is located on chromosome 22q11. The polymorphism
in which there is a valine to methionine substitution results
in a three- to fourfold difference in enzyme activity. Individ-
uals who are homozygous for the methionine allele degrade
dopamine more slowly and therefore have higher levels of
dopamine in prefrontal cortex. In one study they made sig-
nificantly fewer perseverative errors on the Wisconsin
Card Sorting Test than subjects with one or two valine alleles
(208). In a study examining the effect of these two
polymorphisms on attentional control and anterior cingu-
late activity, monitored with fMRI, there was a distinct gra-
dient noted, with those homozygous for the valine allele
performing more poorly and showing more activation of
cingulate cortex than the heterozygotes, who performed
more poorly and manifested greater fMRI activation than
subjects homozygous for the methionine allele (209).

In another study performance of subjects with these
different genotypes was monitored following administra-
tion of dextroamphetamine. Subjects were initially tested
on the Wisconsin Card Sorting Test and then performed a
working memory task while undergoing fMRI scanning.
On the Wisconsin Card Sorting Test, subjects who were
homozygous for the methionine alleles made fewer
perseverative errors in the baseline condition than those
who had two copies of the valine alleles, but their perfor-
mance deteriorated following administration of dextroam-
phetamine, whereas those with two valine alleles showed a
slight improvement. On the less demanding working
memory task, subjects who were homozygous for the
methionine allele did not show any change following

dextroamphetamine, but their performance deteriorated
on the most demanding working memory task and there
was an increase in prefrontal cortical activation indicating
a less efficient performance. In contrast, subjects with two
copies of the valine allele showed improved performance
and enhanced prefrontal efficiency relative to baseline in
response to dextroamphetamine (210).

Diamond and colleagues examined children who were
8.2 to 14.6 years old on tasks demanding working memory
and inhibition. Children who had two copies of the
methionine polymorphism performed far better on a task
requiring both working memory and inhibition, whereas
there was no difference on the self-ordered pointing or
recall memory tasks. On the mental rotation task, children
with two copies of valine polymorphism performed better
(211). However, in another study that assessed working
memory, attention and speed, impulsiveness and response
inhibition in children with ADHD, no association with
COMT was identified (212).

Monoamine Oxidase
Monoamine oxidase (MAO-A, MAO-B) genes are mapped
to Xp11.23 and code for enzymes that deaminate cate-
cholamines. Brunner and colleagues described a large
Dutch kindred in which affected males presented with
mild mental retardation and impulsive, aggressive, antiso-
cial behavior (arson, attempted rape, and exhibitionism)
(213). This was related to a point mutation in the eighth
exon of the MAO-A gene, which changed a glutamine to a
termination codon (214). In a Chinese population, there
is evidence of an association and linkage between ADHD
and the monoamine oxidase genes (215, 216). In an Irish
population, no association was noted with MAO-B, but
certain MAO-A markers were significantly associated with
ADHD (217). Children with certain MAO-A alleles who
have been abused in early childhood are at greater risk for
subsequent aggressive behaviors (218).

Enzymes Involved in the Biosynthesis of
Catecholamines

This section would not be complete without a brief mention
of the enzymes that are involved in the production of
catecholamines. The rationale for including these enzymes is
that if the pathways leading to dopamine and nore-
pinephrine are not totally functional, this might result in
decreased levels of neurotransmitter. Enzymes in this
pathway include tyrosine hydroxylase (mapped to 11p15.5),
which is involved in the synthesis of dihydroxyphenylala-
nine (DOPA) from tyrosine. Deficiency of tyrosine hydroxy-
lase in its autosomal dominant form results in L-dopa
responsive dystonia, and involves the basal ganglia. DOPA
decarboxylase (gene locus 7p11) converts DOPA to
dopamine. A possible relationship to ADHD and a paternal
pattern of transmission suggesting imprinting has been
described (219). DOPA concentration is elevated in the right
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brainstem areas of children with ADHD compared to
controls, which may be the result of dysfunction in this
system (109, 220). Dopamine �-hydroxylase (on 9q34)
catalyzes the production of norepinephrine from DOPA and
is associated with a disorder of cardiovascular regulation that
is particularly severe in the young infant. Some studies have
supported an association with ADHD (221–224) (Roman
2002), whereas others have not (225, 226).

ETIOLOGY OF ATTENTION
DEFICIT–HYPERACTIVITY DISORDER

Genetic Factors

There is little question that genetic factors are extremely
important in the etiology of ADHD. There are now well
over 200 studies, consisting of relatively small samples,
using different genetic tests of association, and carried out
in different ethnic populations. As is clear from the previ-
ous review, there is far from total agreement across all these
studies. However, there is evidence across many of these
studies that some genetic perturbation of catecholaminer-
gic systems is involved in the pathogenesis of ADHD. In
addition to the issues of varying strategies in approaching
the association, there is also the problem that one would
not necessarily expect different ethnic populations to have
the same gene pool. It is also unlikely that a single gene will
be identified as the cause of ADHD. Like most neuropsy-
chiatric disorders, it is likely that the disorder is polygenic.
Thus, there is now an emerging trend to sample multiple
candidate genes simultaneously and to increase the size of
the population and use a variety of tests to determine if an
association exists. Moreover, the inclusion of genes other
than the classical neurotransmitters may strengthen these
studies as patients may manifest symptoms of ADHD only
when function of the transporters or the receptors is
compromised by other factors. Moreover, it is possible that
some of these genetic factors may interact with psychoso-
cial or biological environmental factors.

Nongenetic and Acquired Forms of Attention
Deficit–Hyperactivity Disorder

ADHD has an undisputed genetic basis, but can also be the
result of acquired brain injury or dysfunction of the frontal-
subcortical system. In some individuals, both factors can be
operative. DSM-IV diagnostic criteria do not distinguish
between these various etiologies for ADHD. For the
clinician, this distinction may not appear to be totally
relevant because there appears to be no consistently different
response to psychostimulant medications. However, as
information relating to pharmacogenetics expands, different
etiologies of ADHD are likely to become increasing impor-
tant to the treating physician.

Prenatal Factors
A number of prenatal factors appear to place a child at risk
for ADHD-like behaviors. Maternal cigarette smoking dur-
ing pregnancy is one such factor. Twenty-two percent of the
children with ADHD had a history of maternal smoking
during pregnancy, compared with only 8% in the control
group (227). This is an interesting association, given the ef-
fect of nicotine on the dopaminergic system and its effect on
improving inhibition (228). Moreover, one cannot elimi-
nate the possibility of a potential genetic confound, given
the association of cigarette smoking and the DRD2 TaqI A1
allele (229). However, in a study in which the contribution
of genetic factors (that is, maternal ADHD) was assessed in
comparison to exposure to cigarette smoke inutero, Mil-
berger demonstrated that maternal smoking was associated
with a fourfold higher risk of ADHD in the offspring than in
controls, even after controlling for maternal ADHD (230).
A subsequent study by Mick and colleagues, using Mil-
berger’s data and adding information from girls, reported a
2 to 1 risk. In 2003, Thapar and colleagues also noted that
maternal smoking increased the risk of ADHD in the off-
spring in addition to any specific genetic effect (231).

Fetal alcohol syndrome is also associated with ADHD
but typically occurs in the context of neurocognitive deficits
and microcephaly. In a meta-analysis of studies on mater-
nal smoking, alcohol ingestion, caffeine and psychosocial
stress published between 1973 and 2002, the authors re-
ported that the findings on alcohol were contradictory, and
studies on caffeine inconclusive. There was a possible
modest contribution of stress to ADHD symptoms in off-
spring. However, maternal smoking during pregnancy ap-
peared to place offspring at a greater risk for ADHD. Sowell
and colleagues reported MRI morphometric studies in chil-
dren exposed to heavy maternal alcohol ingestion that
reveal widespread effects, including decrease in size of pre-
frontal cortex (232).

Prematurity
Prematurity is often associated with ADHD. This can be rel-
atively subtle in older children. In one study, very-low birth-
weight prematures who were free of major cognitive or neu-
rological impairment and did not manifest a classical
ADHD-profile when tested on a CPT task at the age of 17
years nonetheless continued to show lingering emotional
and neuropsychological deficits (233). A number of factors
might explain the high incidence of ADHD-spectrum symp-
toms in this population.

First, the dopaminergic system, particularly in the devel-
oping brain, is easily damaged by hypoxia. Small premature
infants are at high risk for recurrent apneic attacks. In a study
on hypoxia in neonatal rats, Dell’Anna and colleagues re-
ported that exposure to a hypoxic environment resulted in
alterations in dopamine, norepinephrine, and serotonin in
various areas of the brain (234, 235) and also observed that
hypoxia affected the mesotelencephalic pathways involved
in sleep, wakefulness, locomotion, and executive function. A
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small group of ex-premature infants who had been exam-
ined with cerebral blood flow measures at birth and in
whom ADHD later developed were re-examined at the age of
12 to 14 years. Dopamine receptor binding was examined,
using PET with [11C] raclopride, which preferentially binds
to dopamine receptors. They found that low neonatal cere-
bral blood flow was associated with increased dopamine re-
ceptor availability in adolescence (“empty receptors”) (236).
In other words, damage to the dopaminergic system early in
development resulted in the availability of an increased
number of “empty receptors.”

Damage to white matter pathways also occurs in the
small premature infant. Periventricular leukomalacia in-
volves focal cystic necrosis of axons and white matter tracts
lying deep in the brain around the lateral ventricles. There is
also a more diffuse injury to white matter resulting from
damage to oligodendrocytes, which ultimately are the source
of the myelinated pathways (237). This diffuse white matter
damage also disrupts normal gray matter growth. Inder and
colleagues conducted an MRI study on premature infants
and observed that gray matter abnormalities were correlated
with the extent of white matter abnormality, so that cortical
atrophy and immature gyral development were found in the
vast majority of infants born at less than 26 weeks’ gesta-
tional age. Factors that contributed to this picture included
infection in the perinatal period and hypotension requiring
inotrope use (238).

Hyperbilirubinemia (jaundice) occurs in children who
are premature as well as those who have blood group
incompatibility. Bilirubin appears to function as a specific
neuronal poison for neurons in the basal ganglia. Although
the mechanism by which bilirubin damages neurons is not
entirely clear, one possible mechanism is the excitotoxic
effects of NMDA. The basal ganglia, certain brainstem nuclei,
and the Purkinje cells are highly sensitive to damage. Before
the use of exchange transfusions and RhoGAM, hyperbiliru-
binemia could result in devastating choreoathetoid cerebral
palsy and deafness. Hyperbilirubinemia is a particular
problem in the small premature infant, who lacks the ability
to conjugate bilirubin and is at risk for hypoxia, which
increases the potential for neuronal damage. Even full-term
infants who are jaundiced at birth may have subtle atten-
tional dysfunction, suggesting that in susceptible children,
hyperbilirubinemia may not be all that benign (239).

Finally, focal lesions early in development may affect
more distant cerebral regions and result in an ADHD-like
picture. Saunders and Merjanian found that temporal lobe
lesions in monkeys in the neonatal period disrupted
dopamine regulation in the dorsolateral prefrontal cortex
(240). Interestingly, Milichap described ADHD-like symp-
toms in children who had temporal lobe cysts (241).

Epilepsy
ADHD is also more prevalent in children with epilepsy.
Although there has been some controversy surrounding this
point, whether or not it is a side effect of treatment, there is

evidence of an association between epilepsy and ADHD.
One study from Iceland reported by Hesdorffer found that
ADHD was 2.5 times more common in children with newly
diagnosed seizures than in controls. This was most promi-
nent in ADHD, predominantly inattentive type whereas the
hyperactive impulsive or combined types were not as closely
associated. There was no particular relationship to seizure
type, ideology, gender, or seizure frequency at the time of
diagnosis. In a study of 175 children ranging in age from 9
to 14 years with at least a 6-month history of epilepsy, Dunn
and colleagues noted that 24% met DSM-IV criteria for
ADHD, predominantly inattentive type. This was unrelated
to gender, seizure type, or seizure focus (242). Holtmann
and colleagues described a group of children who had
ADHD-like symptoms and had an unusually high incidence
of Rolandic spikes. The subjects included 483 patients
between the ages of 2 and 16 years who met DSM-IV criteria
for ADHD. Rolandic spikes were observed in the electroen-
cephalographs of 5.6% of the children (243).

Medical Illness
Another disorder that has been associated with ADHD is
celiac disease, a multisystem autoimmune disorder, which
has been associated with a broad spectrum of central
nervous system symptoms. In adults, celiac disease is a im-
portant cause of cerebellar ataxia, and white matter lesions
and cerebellar atrophy are often noted (244). In children,
epilepsy, occipital calcifications surrounded by hypodense
areas on CT scan, and diffuse white matter lesions have
been reported (245, 246). This may be related either to an
autoimmune demyelinating process or a vasculopathy.
Celiac disease has been implicated in stroke in children
(247). Developmental delay, ataxia, and hypotonia are
prominent, but more subtle presentations, such as inatten-
tion and other ADHD-like symptoms, may be noted in
approximately 20% of children (248). Although many of
these children typically have gastrointestinal symptoms
and failure to thrive, cases with few of these GI symptoms
have also been observed. There are several possible
explanations for the association between celiac disease and
ADHD-like symptoms; the vasculopathy, white matter
lesions, and cerebellar involvement (with secondary
effectives on frontal-executive function) come to mind.

ADHD has also been associated with other autoimmune
disorders involving a vasculitis. Following a Group A beta-
hemolytic streptococcal infection that appears to specifi-
cally involve the basal ganglia, ADHD, often in association
with Tourette disorder and OCD, have been reported. This
syndrome is called Pediatric Autoimmune Neuropsychi-
atric Disorders Associated with Streptococcus (PANDAS).
There is controversy whether PANDAS and Sydenham
chorea are different entities.

Phenylketonuria (PKU) is an inborn error of
metabolism that results in significant ADHD symptoms.
Although there are numerous gene mutations that disrupt
the metabolism of phenylalanine, classically the absence of
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phenylalanine hydroxylase, the enzyme involved in the
conversion of phenylalanine to tyrosine which is an
important step in the production of dopamine, results in
varying degrees of hypodopaminergia. Any factor that
reduces dopamine in prefrontal cortical neurons is likely to
result in an ADHD-like picture. A gradient effect was noted
in that exposure during fetal development (occurring in
phenylketonuric mothers) resulted in hyperactivity/
impulsivity and inattention while postnatal exposure was
associated with inattention (249). Despite very tight
control of phenylalanine during pregnancy, children with
PKU who are then treated early and vigorously perform
poorly on tasks demanding frontal executive resources
and manifest hyperactivity, impulsivity, and inattention.
Diamond observed that preschool children with elevated
phenylalanine levels showed deficits in working memory
and inhibitory control functions dependent upon dorsolat-
eral prefrontal cortex, suggesting that dopamine played an
important role in the maturation of that area (250).

Environmental Toxins

Environmental toxins have received relatively little atten-
tion as contributing to the ADHD phenotype. The issue is
complex because of the need to untangle various other
factors, for example, socioeconomic and genetic. Probably
the most extensively studied environmental toxin is lead.
The severe encephalopathy that occurs in children with
blood levels in the range of 60 mcg/dL has been well
documented, but the more subtle effects of exposure to
lower lead levels have been less obvious. Moreover, lead
poisoning usually is found in specific populations and in
restricted geographic areas. There is evidence that relatively
minimal blood lead levels (above 10 mcg/dL) puts a child
at risk for hyperactivity and subtle impairment of executive
function (251, 252). In lead-exposed rats, striatal
dopamine uptake as well as behavioral changes have been
noted (253). Increased mercury ingestion also appears to
target dopaminergic systems (254). Other environmental
toxins such as polychlorinated biphenyls (PCBs) may also
contribute to ADHD-like behaviors, particularly since
exposure occurs not only during fetal development, but
also during breastfeeding. Nigg has provided a thoughtful
review of the issue of the role of environmental contami-
nants in ADHD (255).

Acquired Brain Injury
Traumatic brain injury, particularly when there is damage
to frontal subcortical circuits also produces ADHD-like
behaviors (256–259). Because many types of traumatic
injury involve damage to the frontal poles or shearing of
white matter tracts, this is not an uncommon outcome.

Similarly, children who have suffered strokes not infre-
quently manifest ADHD-like behaviors, which had not
existed before the stroke, and typically involve inattention
and apathy. Max and colleagues noted that in their sample

of children with stroke, compared to matched controls
with clubfoot or scoliosis, nearly half (46%) had ADHD-
like traits following stroke. They performed poorly on a
task that required alert, sensory orientation. Two factors
were also important in determining severity of attentional
disturbance: size of lesion in the attention/arousal network
(but not executive attention) (260–264).

Castellanos and colleagues recruited nine carefully
studied monozygotic twin pairs discordant for DSM-IV
ADHD. Total caudate volume of the affected twin was
significantly smaller than that of the unaffected co-twin.
No significant differences within the twin pairs were
found with regard to volume differences in other brain
regions. The caudate volume differences did not correlate
significantly with parent/teacher Conner’s rating of hyper-
activity severity, differences in birth weight, or duration of
stimulant exposure (265).

Meningitis and encephalitis can result in ADHD-like
behaviors, particularly when the basal ganglia are affected.
Autoimmune disorders have also been implicated in
triggering ADHD-like symptoms in susceptible patients.
PANDAS are linked to Tourette disorder, OCD, and ADHD
(266, 267). Lyme disease has also been associated with a
number of neuropsychiatric symptoms, including those of
ADHD (268).

Psychosocial Factors
Although environmental factors may not directly cause
ADHD, there is little question than the more adverse the
environment, the more severe the symptoms are likely to
be. Children who grow up in “adverse” environments (i.e.,
poverty, maternal psychopathology, paternal criminality)
are at much greater risk for ADHD, and the risk is in pro-
portion to the number of adverse factors that are present
(269). Children with reactive attachment are often hyper-
active and inattentive, and ADHD is one of the differential
diagnostic considerations in these children. Children who
are genetically at risk for ADHD would seem to be much
more likely to be severely impaired if they grow up in
chaotic, unstructured households. However, there is clearly
a need for further research in this area (270).

TREATMENT OF ATTENTION
DEFICIT–HYPERACTIVITY DISORDER

The impressive effect of psychostimulants on ADHD symp-
toms has been known since 1937 when Bradley observed
its remarkable effect on a classroom of children with
ADHD (4). At present there are now a variety of drugs and
delivery systems available for the treatment of ADHD. The
most thoroughly studied and those that have been used for
the treatment of ADHD for half a century or more are
dextroamphetamine and methylphenidate. Both of these
drugs increase available dopamine and norepinephrine at
central synapses through somewhat different mechanisms.
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Volkow and colleagues have provided a convincing
demonstration that dopamine release at central synapses is
enhanced when presented in the context of a salient stimu-
lus. Methylphenidate, in the absence of such a stimulus,
does not reliably enhance dopaminergic release (271, 272).

Not all patients respond equally well to these medica-
tions. Some show dramatic positive responses, whereas
others are helped to some extent but often continue to ex-
perience unacceptable side effects. The most common side
effects are decreased appetite and disrupted sleep, although
some patients report improved sleep. Other side effects in-
clude dyspepsia, autonomic arousal and increased anxiety,
and headache. Rare side effects include vermification or
hallucinations.

Although a carefully executed double-blind crossover
study reported a response rate of 98% to methylphenidate
and/or dextroamphetamine (25% responded to only one
agent) (273), this does not seem to concur with clinical
experience, nor does it explain the substantial number of
patients who drop out of treatment. A more reasonable
estimate, based on 155 controlled studies involving 5,768
subjects, indicated a response in the 70% range (274).
However, longterm adherence to psychostimulant medica-
tion can range from 52% to close to 90%. Adherence does
not appear to be related to the effectiveness of the treat-
ment. In a multicenter study involving 407 children treated
with OROS MPH, 71% of the subjects remained on medi-
cation after 12 months. This is surprising as the children
were responders and had been titrated to an appropriate
dose and were followed closely (275). In the NIMH Col-
laborative Multisite Multimodal Treatment Study of Chil-
dren With ADHD (MTA), 88% of the 198 children for
whom MPH was the optimal treatment remained on med-
ication. These children were followed monthly and re-
ceived dose adjustments as needed (276). In a longterm
follow-up study of children treated with methylphenidate,
52% continued to take medication at least 5 days a week at
the 3-year mark. Adherence was predicted by absence of
oppositional defiant disorder and more ADHD symptoms
(based on teacher ratings), as well as a younger age at the
start of program (277). Although continued treatment is as-
sociated with good response, side effects do not change. In
a somewhat longer (5-year follow-up study) involving 79
children treated with methylphenidate with annual evalua-
tions for 5 years, subjects who remained on medication
had consistently greater improvement in teacher-reported
symptoms than those who took medication inconsistently
or took none at all. However, side effects in these treated
children continued to persist (278).

In the past few years, a number of new drugs and new
delivery devices have become available so that the physi-
cian now has an array of options. A number of extended
release forms with a duration of action ranging from 8 to
12 hours are now available in an array of doses. The puri-
fied D-isomer of methylphenidate (dexmethylphenidate
hydrochloride, D-MPH is available in a variety of doses

(279, 280). Transdermal methylphenidate has also been
used in experimental settings with good results (281).

Atomoxetine, a specific norepinephrine transport in-
hibitor, was originally developed as an antidepressant but
was never marketed as such. It was then later reevaluated as
a potential treatment for ADHD. A desirable feature is that
once a day dosing provides 24 hour coverage. Atomoxotine
has a low abuse potential and is considered a nonstimulant
approved by the US Food and Drug Administration for
treatment of ADHD. An important metabolic pathway for
atomoxetine involves cytochrome P450 (CYP) 2D6. In ex-
tensive metabolizers, atomoxetine has a plasma half-life of
5.2 hours, while in poor metabolizers, atomoxetine has a
plasma half-life of 21.6 hours. Once a steady state has been
reached, the average steady-state plasma concentrations are
approximately ten times higher in poor metabolizers than
in extensive metabolizers. However, on the same dose, the
incidence of side effects does not seem to differ in the two
groups. Atomoxetine does not inhibit or induce the clear-
ance of other drugs metabolized by P450 (CYP) 2D6
enzymes (282). In one study, the discontinuation rate was
3.5% and appeared to be dose-dependent, with higher
discontinuation rates at dosages over 1.5 mg/kg day. In
children and adolescents, nausea, vomiting, decreased
appetite, and weight loss are common side effects. Several
interesting preclinical studies have supported the use of
atomoxetine as a treatment for ADHD. In the model of
neonatal 6-hydroxydopamine lesions in neonatal rats,
atomoxetine resulted in marked reduction of motor activity
in these animals. In contrast, there was only a transient
sedative effect in sham controls. The important aspect of
atomoxetine is its effect on CYP 2D6 (283).

Another drug that has shown some promise in the
treatment of some individuals with ADHD is modafinil,
originally developed as a treatment for narcolepsy. This is
also a nonstimulant and its mechanism of action is largely
unknown. It has a different mechanism of action than
psychostimulants, and does not increase dopamine or
norepinephrine either by inhibiting reuptake or enhancing
release. The mechanism of action that promotes alertness is
not related to the locus coeruleus projections to the fore-
brain, but rather involves the hypothalamus, probably the
tuberomammillary nucleus and hypocretin/orexin neurons
in the perifornical area (284). These hypocretin/orexin
neurons play an important role in hypothalamic arousal.
Interestingly, low-dose modafinil also appeared to affect
neurons in the amygdala as well. The input to the
hypothalamic neurons appears to involve dopamine-
dependent norepinephrine signaling (285), although the
hypocretin/orexin neurons are also modulated by gluta-
matergic input (286).

Behavioral Treatment

Behavioral treatments are also of value. Many children with
ADHD need to have “accessory frontal lobes” and benefit
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immensely from being provided with routines and scripts
and being given tools that enable them to organize them-
selves. Pelham and colleagues reported that the combina-
tion of behavioral treatment and low doses of medication
has been successful (281). The MTA study provided strong
support for the efficacy of psychostimulants in the treat-
ment of ADHD. In the short range, medication alone ap-
peared to be more efficacious than the combination of
medical and behavioral treatment, but the combination of
medicine and behavioral management was associated with
a better 2-year outcome than the medication group alone.
In the long run, the difference (68% versus 56%) was rela-
tively small but was significantly better compared to be-
havioral treatment alone and community care. The behav-
ioral treatment was extremely intense and involved (1)
parent training, (2) individual work with the child, (3) in-
tegration of the school into the behavior program, and (4)
a daily report card completed by the teacher that was then
used by the parents to deliver consequences. This large,
well-designed study strongly supports the use of medica-
tion integrated with a behavioral program.

Pharmacogenomics

Given the variability in the clinical responses of patients and
the burgeoning information in the genetics of ADHD, the
notion of developing systematic pharmacogenomic ap-
proaches to the treatment of ADHD is especially attractive.
Unfortunately, this undertaking is still in its infancy. Current
research studies involve small sample sizes, varying ethnic
gene pools, and thus may not be applicable to all popula-
tions. Nonetheless the information available is tantalizing.

Most studies in this area have been limited to
methylphenidate and most have involved the DAT-1 gene.
There are two common alleles, the 9-9-repeat and the more
common 10-repeat. The DAT-1 10-repeat (480-base pair)
polymorphism and the D4 dopamine receptor-7-repeat al-
lele have been the subject of many genetic studies. Both of
these genes have been demonstrated (albeit not consis-
tently) to be associated with ADHD. The efficacy of
methylphenidate is related to its ability to inhibit the func-
tion of DAT-1 to recycle dopamine from the synaptic cleft
back into the presynaptic neuron. In a single photon emis-
sion spectroscopy study, using a ligand for the dopamine
transporter, subjects with the 9-9 repeat or 9-10 repeat
genotype had significantly higher DAT availability in the
caudate and putamen than those homozygous for the 10-
repeat (287).

With regard to D4, a preclinical study has suggested that
the D4 dopamine receptor -7-repeat allele is less responsive
to dopamine. (The assumption that the DRD4-7 repeat
polymorphism responds differently is based on a study by
Asghari and colleagues that indicated that there was a
twofold reduction in the D4-7 repeat polymorphism in the
inhibition of cAMP formation compared to the dopamine
4 receptor with 2- and 4- repeats. [288]). The question

addressed in these pharmacogenomic studies is whether
patients with these different genotypes manifest a differen-
tial response to methylphenidate.

In 1999, Winsberg and Cummings evaluated the inter-
action between genotype (DAT-1, and dopamine receptors
D2 and D4) and response to methylphenidate in a group of
30 African American children. Methylphenidate was
titrated to the point that a behavioral change was achieved,
or a maximum tolerated dose was reached (the dose did
not exceed 60 mg [approximately 0.7 mg/kg]). Eighty-six
percent of nonresponders were homozygous for the 10-
copy allele of the DAT-1 gene in contrast to 31% of re-
sponders. The response rate in this group of children was
only 53%, much less than that reported in most studies. No
difference in response pattern was detected for the Taq 1A
dopamine D2 receptor or the dopamine D4 receptor (289).

The lack of response to methylphenidate in children
with two copies of the 10-copy allele of the DAT-1 gene
was replicated in a study on 50 male Brazilian youths.
More (75%) of the boys who were not homozygous for
the 10-repeat allele showed improvement compared to
47% of those who had two copies (290). In a single pho-
ton emission computerized tomography (SPECT) study
involving children who demonstrated at least a moderate
response to methylphenidate, those with the 10-repeat
DAT-1 allele showed significantly higher regional blood
flow in the medial frontal and left basal ganglia (291). In
a study on a small group of Korean children with ADHD,
only about one third (28.6%) of the children homozy-
gous for the 10-repeat DAT-1 manifested a good response
to methylphenidate. In contrast, all children without the
10/10 genotype manifested a good response to treatment.
Moreover, the children homozygous for the 10/10 geno-
type also showed a significantly greater increase in DAT
density in the basal ganglia compared to those without
the 10/10 genotype (292).

However, the exact opposite finding was reported in a
study involving 119 Irish children; namely that individuals
with two copies of the 10-repeat allele showed a good
response to methylphenidate in comparison to those who
did not. The hypothesis on which this study was based was
that the 10-repeat DAT-1 allele resulted in an overactive
transporter, and the investigators suggested that this might
heighten the response to methylphenidate (293).

In a study of 47 children with ADHD treated with
a placebo-controlled, double-blind crossover dosing
schedule that involved three dose levels of OROS
methylphenidate (18 mg, 36 mg, and 54 mg), it was noted
that children who were homozygous for the DAT-1 9-repeat
1 3� UTR genotype (this is relatively rare) did not show a
linear improvement as the dose was increased (294).

In a study comparing the magnitude of methylphenidate
dose required to achieve behavioral responses (measured by
rating scales), subjects with the DRD4 receptor 7-repeat poly-
morphism required 1.5 times as much methylphenidate
(with doses up to 1.70 mg/kg) compared to those without
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that polymorphism (295). This study supports the hypothe-
sis that the 7-repeat DRD 4 allele results in a less efficient
dopamine receptor.

Tahir and colleagues reported that the DRD4 7-repeat
allele was associated with a better response to
methylphenidate. This Turkish study population included
104 trios and 7 dyads, and the analysis involved the trans-
mission disequilibrium test (296).

Given the importance of serotonin and dopamine in
psychopathology, and the possibility that serotonin is
associated with ADHD (178), as well as the complex inter-
action of these two neurotransmitters at a neuronal level,
examination of the methylphenidate response in individu-
als with differing dopamine and serotonin receptors is an
important undertaking. Individuals who are homozygous
for the long allele (L/L) manifest increased serotonin levels
compared to the heterozygous (L/S) or those with two
short alleles (SS). Prolactin release is inhibited by
dopamine and enhanced by serotonin. Seeger and col-
leagues examined the methylphenidate response in 47
children with ADHD whose DRD4 and 5-HTT genotypes
were known. Those who were homozygous for both the 7-
repeat dopamine DRD4 polymorphism and the long
serotonin receptor had the smallest response to
methylphenidate and the highest level of prolactin release.
Moreover, children with the two long alleles had a higher
incidence of conduct disorder (180).

Several other genes have been evaluated with regard to
response to methylphenidate. One study reported a signif-
icant association between the norepinephrine transporter
gene G1287A genotypes and response to methylphenidate.
Chinese Han children with ADHD with the G/G or G/A
genotype showed highly significant reductions in hyperac-
tive/impulsive scores but not inattention scores. Those with
the A/A genotype showed minimal response (297). There is
also some support from preclinical studies for the specific
reduction of hyperactivity/impulsivity in these children. In
rats with 6-OHDA-induced lesions in the neonatal period,
there is a marked reduction in hyperactivity following
administration of atomoxetine, a specific norepinephrine
inhibitor (283).
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This chapter reviews the neuropsychiatry of conduct disor-
der/sociopathy (CD). The term conduct disorder/sociopathy
emphasizes the life course persistent nature of some con-
duct disorders and their continuity with antisocial person-
ality disorder (ASP) (Robins 1966; Moffitt 1993).

HISTORICAL OVERVIEW

The emergence of near universal schooling in the early 20th

century brought children under the eye of institutions and
professionals and the subsequent detection of more subtle
forms of disturbance than epilepsy, mental retardation,
and gross psychosis (Neve & Turner 2002). This led to a
need to deal with troubled or delinquent children as seen
in the work of William Healy (1917), an obstetrician, who
founded juvenile court clinics in Chicago and Boston.
Healy viewed delinquents as suffering from a “psychic con-
stitutional deficiency.” In contrast to this internal deficit
perspective, conduct disorder has also been viewed as an
ecological adaptation to a harsh family or community en-
vironment (Steiner et al. 1997). As psychodynamic per-
spective grew influential, August Aichorn, the principal of
Austrian reform schools, described delinquents whose ac-
tions were attempts to assuage neurotic guilt via seeking
punishment (Aichorn 1935). Although Cleckley in The
Mask of Sanity (1941) described psychopathy as driven by
both environmental and hereditary factors, nature and nur-
ture generally remained oppositional conceptualizations of
CD (Steiner et al. 1997).

The groundbreaking evidence for the continuity of con-
duct disorder and antisocial personality disorder came
from the serendipity of juvenile clinic records being stored
in space that Lee Robins was to move into. Rather than

dispose of the records, she had the perspicacity to investi-
gate those children’s outcome. Her longitudinal follow up
of those youths, Deviant Children Grown Up (1966), pro-
vided valuable missing descriptive data analagous to the
observations of Kraeplin about psychiatric disorders in
adults. Subsequent longitudinal studies of Loeber et al.,
Trembley et al., Raine et al., and McCord et al. supported
the concept that CD is not purely a transient reaction to cir-
cumstance. Gradually an appreciation of the costs of the
disorder is beginning to emerge along with an interactive
perspective on nature nurture relationships.

DEFINITIONS AND NOSOLOGY

Conduct disorder is a psychiatric disorder in the category
of disruptive behavior disorders, with criteria listed below.
However, a number of other potentially overlapping con-
structs are pertinent. Many studies use related but non-
interchangeable criteria. CD, crime/delinquency, psy-
chopathy, and/or aggression are related but not entirely
the same concepts. Delinquency is a legal term. Juvenile
delinquents may present with no psychiatric diagnosis at
all or with many different diagnoses (Quay 1979). Simi-
larly, aggression has considerable overlap with conduct
disorder, but there are conduct disordered individuals
who do not display other directed physical aggression.
Psychopathy refers to a disorder characterized by two fea-
tures—an antisocial behavioral dimension which includes
instrumental aggression and a wide variety of offenses
plus a dimension of emotional impairment such as a lack
of guilt and emotional shallowness (Cleckley 1941; Hare
1993). Most psychopaths qualify for an antisocial person-
ality disorder diagnosis, but only 1 in 3 persons who meet
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criteria for antisocial personality disorder diagnosis meet
criteria for psychopathy (Hart & Hare 1996). It is not sur-
prising that inconsistency in findings exist given these dis-
crepant inclusionary criteria. A further potential confound
is that some studies examine the broad band of external-
izing or disruptive behavior. Although, evidence for the
existence of this broad band is substantial, discriminating
among the different typologies subsumed under the broad
externalizing banner may have considerable prognostic
import. For example, ADHD was thought to be a risk for
later substance abuse. However, subsequent studies clari-
fied it is comorbid conduct problems that drive the rela-
tionship, not ADHD per se (Disney et al. 1999; Chilcoat
& Breslau 1999). Review of conduct disorder is compli-
cated by the many studies which concentrate on aggre-
gated measures of antisocial behavior and often include
symptoms of ADHD, or more general behavior problems
(Burke et al. 2002).

EPIDEMIOLOGY

Prevalence rates for CD are generally reported to be be-
tween 1.5 to 3.4% in the general population (AACAP
1997, Manfred et al. 2002) and vary according to age, sex,
geographic location, socioeconomic status, and familial
structure and attributes. It is generally agreed that the
prevalence of CD is greater among males (2.6–8.2%) than
among females (0.8–2.8%) (Feehan et al. 1994; Offord et
al. 1987; Rutter et al 1970). The association between CD
and age remains unclear. Previous findings (Cohen 1987)
suggested higher prevalence rates among adolescents than
among prepubertal children, but this has more recently
come into question (Breton et al. 1999; Cohen et al.
1993; Lewinsohn et al. 1993; Nolan et al. 2001). Symp-
toms of both conduct disorder and various comorbid dis-
orders fluctuate over time (Lahey et al. 2002). A greater
prevalence of CD has been reported among youths from
families of low socioeconomic status (Lahey et al. 1999;
Rutter et al. 1975; Stanger et al. 1992) and from families
with disrupted structure (Esser et al. 1990; Velez et al.
1989). Urban environment has been found to be a risk by
some (Tolan and Henry 1996) but not by others (Rutter
et al. 1970; Breton et al. 1999). Many youth with conduct
disorder have reading problems (Hinshaw 1992), but it is
unclear whether a causal relationship exists (Fergusson
and Lynskey 1997; Maughan et al. 1996; Bennett et al.
2003).

Epidemiologic studies support a possible distinction be-
tween delinquency and conduct disorder. Of 478 individu-
als in the juvenile justice setting, less than 30% met criteria
for conduct disorder in a study that took social, academic,
and occupational impairment into account (Garland et al.
2001). In a randomly selected, stratified sample of 1,829
juvenile detainees, only about 40% had conduct disorder
(Teplin et al. 2002).

ETIOLOGY

Genetic and Environmental Factors

The field of behavior genetics largely finds origin in the
study of animals, as domesticated animals have been
selectively bred for a variety of attributes, including tem-
perament (Takeuchi and Houpt 2003). Despite selective
breeding, it is well known that individual differences in
temperament occur. Correlation with humans leads us to
the concept of genetic and environmental interaction.
Many individual characteristics may have origins in syner-
gistic genetic and environmental effects, while others may
be related solely to genetics or environment.

Twin (Simonoff et al. 1998; Slutske et al. 1997) and
adoption (Cadoret et al. 1995) studies support a genetic li-
ability for conduct disorder. In addition, variance in ado-
lescent antisocial behavior may be accounted for in part by
conflictual and negative parental behavior directed specifi-
cally toward the adolescent (Reiss et al. 1995).

Attempts have been made to correlate behavioral traits
with genetic abnormalities of various neurotransmitters, in-
cluding dopamine, serotonin, and noradrenaline. Behav-
ioral traits often linked to conduct disorder include aggres-
sion and novelty seeking. Dopamine DRD2 and DRD4
polymorphisms have been found to associate with novelty
seeking behavior (Noble et al. 1998; Ono et al. 1997). Poly-
morphisms of the gene coding for tryptophan hydroxylase,
the rate-limiting enzyme in serotonin biosynthesis, were as-
sociated with individual differences in aggressive disposi-
tion among 251 adult subjects (Manuck et al. 1999).
Comings and colleagues have examined 42 genes using
multivariate regression analysis to determine associations
with attention deficit hyperactivity disorder (ADHD), op-
positional defiant disorder (ODD), and conduct disorder
among 326 subjects, 271 of which had a diagnosis of
Tourette’s syndrome (Comings et al. 2000a, 2000b). They
report that some noradrenaline genes may share a role in all
of these disorders, while hormone and neuropeptide genes
may be linked to CD.

Recent twin studies of adults (Bloningen et al. 2003)
and adolescents (Taylor et al. 2003) examined genetic and
environmental influences on psychopathy. Both studies re-
vealed a substantial genetic contribution to psychopathy
and neither revealed a shared environment effect.

The measure most frequently utilized for evaluating the
level of childhood and adolescent aggression in genetic
studies is the Child Behavior Checklist (CBCL) (Achenbach
1983). Twin (Ghodesian-Carpy and Baker 1987) and adop-
tion (van den Oord 1994) studies suggest that genetics ac-
count for 42 to 90% of variance in CBCL-rated aggression.
It should be noted, however, that only two items on the
CBCL aggressive subscale refer to physical aggressiveness
and that, in a study of disruptive and aggressive children,
CBCL aggressive scale scores did not correlate significantly
with severity of physical aggressiveness (Kruesi et al. 1994).
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Birth Complications: Pre- and Perinatal 
Toxic Influences

Birth complications and pre- and perinatal toxic exposures
can play a substantial role in the development of CD/ASP.
Child and adolescent behavioral disturbances have been
associated with low birth weight, prematurity, obstetric
complications, physical anomalies, maternal illness, nutri-
tional status, and substance and medication use (Rutter et
al. 1998). Dutch military psychiatric examinations among
those exposed prenatally to German army food supply
blockade in 1944 and 1945 revealed that in utero malnu-
trition during the first and second trimesters is associated
with an excess of Antisocial Personality Disorder in the off-
spring of those pregnancies (Neugebauer et al. 1999).

Toxin exposure is more controversial. Associations be-
tween maternal smoking and risk of conduct disorder, be-
havior problems, and crime have been reported in several
studies (Brennan et al. 1999; Fergusson et al. 1993; Fergus-
son et al. 1998; Orlebeke et al. 1997; Rantakallio et al. 1992;
Wakschlag et al. 1997; Weissman et al. 1999; Williams et al.
1998). Some question the role of direct causation and offer
the alternative and increasingly accepted explanation that
the associations may be attributed to the transmission of a
latent conduct disturbance factor from mother to child
(Maughan et al. 2001; Silberg et al. 2003). In a 1995 study,
prenatal alcohol exposure contributed significantly to CD
as an offspring outcome, but having an alcoholic biological
parent did not (Cadoret et al. 1995). This finding implies
that it was the actual alcohol exposure of the fetus in utero
(not the genetic contribution from the parents’ alcoholism)
that resulted in the development of CD.

In a cohort of 4,269 consecutive live male births, infants
who experienced both birth complications and early ma-
ternal rejection were more likely than those with only one
of these risk factors to become violent offenders in adult-
hood (Raine et al. 1994). Although only 4.5% of the sub-
jects had both risk factors, this small group accounted for
18% of all violent crimes committed by members of the
original cohort. The interactive effect of maternal rejection
and birth complications was specific to violence and was
not observed for nonviolent criminal offending.

Physical Characteristics
Historical attempts to correlate physical appearance with
psychopathology have often come into question. The clas-
sic example was phrenology, wherein personality and men-
tal characteristics were thought to be represented by the
contours of the skull, and diagnostic interpretations were
based on its palpation. With advances in genetic research,
however, there has been a renewed interest in physical
markers that may correlate with mental disorders. For ex-
ample, hair whorl patterns and dermatoglyphic abnormal-
ities have been studied in patients with schizophrenia
(Alexander et al. 1993; Puri et al. 1995; Rosa et al. 2000)
(Table 12.1).

Investigation of physical characteristics of delinquents
was undertaken in the mid-twentieth century. Sheldon de-
scribed three major body types, including endomorphic,
mesomorphic, and ectomorphic (1949). In both male and
female populations, mesomorphs (i.e., heavier boned and
muscular subjects) were more commonly found among
delinquents than among controls (Epps and Parnell 1952;
Glueck and Glueck 1956). A study of somatostatin in cere-
brospinal fluid revealed lower levels among subjects with
disruptive behavior disorders compared with age-matched
subjects with obsessive-compulsive disorder (Kruesi et al.
1990). If the reduced somatostatin concentration corre-
lated with hypothalamic levels, the resultant decreased in-
hibition of growth hormone might result in increased bone
and muscle mass, and thus a more mesomorphic appear-
ance. Large body size and increased height have been
linked to child and adolescent aggression, violence, and
conduct disorder (Farrington 1989; Ishikawa et al. 2001;
Pine et al. 1997; Raine et al. 1998; Tremblay 1998).

Fluctuating asymmetry, which refers to a deviation from
bilateral symmetry of physical characteristics, such as ear
widths, ear lengths, elbows, wrists, finger lengths, ankles,
and foot widths, is described as a reliable measure of de-
velopmental instability, defined as “the imprecise expres-
sion of a given developmental design because of untoward
environmental or genetic perturbations that disrupt devel-
opmental processes” (Gangestad and Yeo 1994). Measures
of developmental instability, including fluctuating asym-
metry, “tell a historical tale of poor or disrupted design,
random errors and accidents, or deleterious environments”
(Lalumiere et al. 2001). Fluctuating asymmetry is recog-
nized to correlate negatively with fitness across a wide
range of taxa other than our own species (Moller 1997).
Two recent studies revealed a negative correlation between
fluctuating asymmetry of morphological traits and aggres-
sion and fighting history among male children and college
students (Furlow et al. 1998; Manning and Wood 1998).
Given that fluctuating asymmetry reliably measures devel-
opmental instability, those male subjects with higher ag-
gression ratings might be seen as more developmentally
stable. The implications of these studies may include view-
ing aggression as a developmentally adaptive behavior in
some contexts. Lower rates of fluctuating asymmetry and
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TABLE 12.1
PHYSICAL CHARACTERISTICS POTENTIALLY
ASSOCIATED WITH CONDUCT DISORDER,
DELINQUENCY, AND CHILDHOOD AGGRESSION

Mesomorphic body type (heavy-boned, muscular)
Large body size
Increased height
Decreased fluctuating asymmetry
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obstetrical problems were found among male offenders
with psychopathy when compared with nonpsychopathic
offenders (Lalumiere et al. 2001). These results may sup-
port the theory of psychopathy as an evolutionarily stable
strategy (Harpending & Sobus 1987; Mealey 1995). An-
other symmetry analogy, a study comparing successful
(e.g., not caught) psychopaths versus unsuccessful psy-
chopaths, found that the successful psychopaths had
greater hippocampal symmetry (Raine et al. 2004).

REPRODUCTIVE ADAPTATION

An early attempt to address the evolutionary biologic fit of
ASP (MacMillan & Kofoed 1984) proposed that ASP, in so-
ciobiological terms, represented an alternate reproductive
strategy—a minimal investment reproductive strategy. A
continuum of reproductive strategies ranges from maximal
investment characterized by protracted care of the young
and minimal numbers of offspring to minimal investment
characterized by lack of care for the young and greater
numbers of offspring. Larger numbers of offspring, more
promiscuous matings (Robins 1966), more abuse/ne-
glect/abandonment of partners and offspring (Robins
1966), and a “cheating” reproductive strategy wherein
males misrepresent their position in the dominance heirar-
chy to mate were cited (MacMillan & Kofoed 1984) as evi-
dence of that alternate strategy. In contrast, nonantisocial
individuals were said to be more likely to have a greater in-
vestment/fewer offspring strategy.

There is a growing consistency of evidence to support the
idea that CD/ASP represents an alternate reproductive adap-
tation among humans (Kruesi & Showalter, in press). Indi-
viduals with ASP differ in their number of sexual partners
and for their comparative lack of investment in their young.
A study of 55 methadone patients found those with ASP
were significantly more likely to be promiscuous—defined
as having 10 or more sexual partners in the past year (Gill et
al, 1992). A separate study of 351 cocaine abusers also
found that those with ASP are more promiscuous (Comp-
ton et al., 1995). Another consistent finding is assortative
mating among sociopaths: sociopaths tend to mate with
other sociopaths (Krueger et al, 1998). Studies of the sexual
behavior of juveniles are limited, but also support the the-
ory. A study of 126 boys aged 5 to 11 years at increased risk
for the development of conduct-disorder-related behavior
re-evaluated 112 of them 15 months later (Meyer-Bahlburg
et al, 1999). At both time points, the boys scored higher on
the Sex Problems scale as well as on the nonsexual CBCL
scales than Achenbach’s nonclinical norm sample. Data an-
alyzed from 5,877 respondents aged 15–54 years in the Na-
tional Comorbidity Survey, a nationally representative
household survey, indicated that early-onset psychiatric dis-
orders were associated with subsequent teenage parenthood
among both females and males, with odds ratios of
2.0–12.0 and population attributable risk proportions of

6.2–33.7% (Kessler et al, 1997). Because of this risk due to
the general category of early onset psychiatric disorder, it is
important that studies address psychiatric comorbidity in
order to parse out relationships to CD.

Recent studies have shed light on the association be-
tween CD and sexual/reproductive behavior by controlling
for confounds. Girls with conduct disorder, girls with de-
pression, girls with anxiety, and healthy girls (N � 459)
who had been evaluated at age 15 years were followed up
at age 21, when reproductive health was assessed (Bardone
et al, 1998). After control for potentially confounding vari-
ables including prior health, adolescent conduct disorder
predicted more medical problems, poorer self-reported
overall health, lower body mass index, alcohol and/or mar-
ijuana dependence, tobacco dependence, daily smoking,
more lifetime sexual partners, sexually transmitted disease,
and early pregnancy. In a separate study, 83 girls, 8 to 13
years old at study entry with childhood-onset psychiatric
disorders were repeatedly evaluated during an interval of
up to 12 years (Kovacs et al, 1994). In the final model,
childhood or adolescent onset conduct disorders (but not
depressive disorders) were significantly associated with
teenage pregnancy. Among the girls with conduct disor-
ders, 54.8% became pregnant teenagers versus 12% of the
rest. In addition to earlier sexual initiation, pregnancy and
greater numbers of partners, there are indications that
other aspects of sexuality differ as well. A birth cohort study
of 930 New Zealand residents found that individuals with
ASP have a risk ratio of 2.8 for early onset intercourse (prior
to age 16), whereas those with depressive disorders have a
risk ratio of 1.3 (Ramrakha et al, 2002). This is consistent
with the idea that it is CD that is driving the early age of sex-
ual initiation rather than other psychiatric disorders.

Sexual victimization, as victim or as perpetrator, is asso-
ciated with conduct disorder in community as well as clini-
cal samples. A study of 1,025 females and 1,087 males in
grades 7 to 12 in Alberta (Canada) high schools found as-
sociations between experiencing a high number of sexual
assaults and clinical profiles on measures of conduct disor-
der for both males and females (Bagley et al, 1995). CD was
present in 94% of a clinical sample of 17 adolescents who
sexually molested children (Galli et al, 1999). In a study of
499 mentally ill children and adolescents which grouped
subjects in four mutually exclusive categories (no inappro-
priate sexual behavior (n�296), hypersexual (n�82), ex-
posing (n�39), and victimizing (n�82)), an antisocial
family history was associated with an increased rate of sex-
ually inappropriate behaviors (Adams et al, 1995). One
criterion symptom for conduct disorder is “has forced some-
one into sexual activity” (DSM-IV), therefore the “victimiz-
ing” group might be expected to be associated with antiso-
cial family histories. However, hypersexuality and exposing
behaviors were also associated with antisocial family histo-
ries suggesting that antisocial family history is associated
with a broad range of sexual behavior that differs in quali-
tative and quantitative ways from that of other youth.
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Another facet of reproductive adaptation, parenting,
also differs between antisocial and other families: indi-
viduals with ASP tend to do less parental monitoring and
have greater family conflict and lower family involvement
(Patterson et al, 1989; Ary et al 1999). The predictive asso-
ciation between parenting and adolescent adjustment
has been assumed to be environmental. However, one re-
cent examination of genetic and environmental contribu-
tions suggests a need for greater consideration of genetic
contributions. A study of 395 families with adolescent
siblings who participated in the Nonshared Environment
in Adolescent Development (Reiss et al., 1994) project in-
dicates that the cross-lagged associations between parental
conflict-negativity and adolescent antisocial behavior can
be explained primarily by genetic factors (Neiderhiser et al,
1999).

NEUROBIOLOGY

Neurochemistry

The most studied neurotransmitter related to CD is sero-
tonin and its major metabolite 5-hydroxyindoleacetic acid
(5-HIAA). Recent meta-analysis (Moore et al, 2002) of 20
adult studies of cerebrospinal fluid 5-HIAA concentration
where the experimental subjects included adults exhibiting
outwardly directed antisocial behavior found a significant
overall effect size (d � �.45). Lower concentrations are as-
sociated with antisocial behavior. A significant moderating
effect for age was found, with larger effect sizes for groups
under age 30 (weighted d � �1.37). The relative dearth of
child CSF 5-HIAA studies necessitated a broader behavioral
inclusion definition—the experimental group included
children with disruptive behavior or whose parents evi-
denced antisociality. Again, a significant effect size was
found (d � �.32). Sixteen of 29 in the initial pediatric CSF
5-HIAA aggression study and follow-up (Kruesi et al 1990,
1992) had conduct disorder. A study of 29 boys with
ADHD (11 with CD) did not find the expected low 5-HIAA
concentration f aggression relationship (Castellanos et al.,
1994). However, those subjects were significantly less
aggressive (Kruesi & Jacobsen 1997). More recently, two
studies investigated 5-HIAA concentrations in infants and
behavioral variables. In one study, the investigators assayed
monoamine metabolites in “leftover” spinal fluid from
167 neurologically normal infants (0–3 months of age),
and later (at age 18–21 months of age) obtained their fam-
ily psychiatric histories (Constantino et al, 1999). As calcu-
lated by Moore et al (2002), there was a significant but
small effect size (d � �.261 ) for the relationship between
newborns CSF 5-HIAA and antisociality in the family in the
expected direction (lower concentration—more antiso-
cial). In a behavioral follow-up study, leftover CSF from 73
febrile infants (age � 3 months) was assayed for 5-HIAA
(Clarke et al, 1999). Subjects with 5-HIAA below the

median had higher externalizing behavior scores at 30
months than did subjects whose 5-HIAA levels fell above
the median (P � 0.02).

Relationships between serotonergic measures and
psychopathy have been investigated in adults. In the first
study, psychopathy as assessed by the Psychopathy
Checklist-Revised (PCL-R) (Hare et al 1990) was associated
with the ratio of CSF HVA/5-HIAA concentrations in 22 vi-
olent offenders undergoing pretrial forensic psychiatric as-
sessment (Soderstrom et al, 2001). 5-HIAA alone was not
significantly correlated with PCL-R scores. That finding was
replicated in a new group of 28 violent and sexual offend-
ers, where the HVA:5-HIAA ratio was strongly associated
with psychopathic traits (r � 0.50, p � 0.010), (Soder-
strom et al, 2003). Recently, fifty-one DSM-III-R personal-
ity disordered offenders who had a dynamic assessment
of 5-HT function (prolactin response to 30 mg d-fenflu-
ramine challenge) were rated on the Psychopathy Check-
list: Screening Version (Dolan & Anderson 2003). 5-HT
function did not correlate with psychopathy as a unidi-
mensional phenomenon. The impulsive-antisocial compo-
nent correlates negatively with 5-HT function while the ar-
rogant/deceitful component correlates positively with
5-HT. In line with previous research findings, impulsive-
antisocial conduct shows an inverse relationship with 5-HT
function. The findings are consistent with genetic studies in
supporting some degree of independence for the impulsive
antisocial and callous unemotional factors.

Aggression and its associations with CSF 5-HIAA con-
centrations have been examined in adults, but pediatric age
groups have not addressed aggression subtypes. An impor-
tant early and replicated finding in adult samples is that it
is impulsive, affect laden aggression in contrast to the “cold
blooded” premeditated aggression that is associated with
low concentrations of CSF 5-HIAA. It is not crime in general
that is linked with low 5-HIAA concentrations, but rather
only impulsive, affect laden violent crime that has an asso-
ciation. Pediatric CSF studies have not thus far systemati-
cally assessed predatory versus affective/impulsive aggres-
sion (Kruesi et al, 2003). However, studies of both youth
and of adults indicate that impulsive and premeditated ag-
gression are independent constructs (Dodge and Coie
1987; Vitiello et al, 1990; Barrat 1999).

Pediatric fenfluramine challenge studies present an in-
consistent picture of serotonin aggression links. One study
of boys with ADHD who were divided into aggressive and
nonaggressive subgroups found the aggressive subgroup
had a significantly greater prolactin response to the fenflu-
ramine challenge (Halperin et al, 1994). However, another
study found fenfluramine-induced prolactin release was
not correlated with aggression rating scores in disruptive
behavior disorder (DBD) patients and did not differ signifi-
cantly between adolescent DBD patients and normal
controls subjects (Stoff et al 1992). A study of 18 late ado-
lescent/early adult individuals with early onset alcoholism
use disorders who were impulsive and aggressive found no
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significant difference in prolactin response to fenfluramine
compared to 19 matched controls (Soloff et al, 2000). A
study of 34 younger brothers of convicted delinquents
found increasing degrees of aggressive behavior were
positively correlated with the prolactin response to fenflu-
ramine challenge (Pine et al, 1997). Furthermore, adverse-
rearing circumstances conducive to development of aggres-
sive behavior also exhibited positive correlations with the
prolactin response. This association between adverse
rearing and the prolactin response was statistically
independent of that between aggression and the prolactin
response. The inconsistent results may be a product of fail-
ing to address predatory versus affective aggression or
presence/absence of psychopathy.

A significant caveat in examining relationships between
monoamine metabolite concentrations and behavior is
that age may alter the relationships. Studies of relation-
ships of certain types of aggression (e.g., suicide and
monoamine metabolites) suggest caution in generalizing
across age. Although studies of adults are very consistent in
finding relationships between low CSF 5-HIAA and suicide
(Lester 1995), the two studies of adolescents to date (Kruesi
et al, 1992; LL Greenhill personal communication) both
found the dopamine metabolite, HVA, a better predictor.

Hormonal Studies

Hormones of adrenal as well as gonadal origin have been
implicated in the neurobiology of conduct disorder. In most
species, androgens appear to exert a significant influence on
the form and degree of aggressive behavior (Rubinow &
Schmidt 1996). Steroid hormones are thought to play two
distinct roles in modulating behavior: an organizational as
well as an activational role. Gonadal steroids act around the
time of birth in organizing which brain and other tissues
will be steroid responsive. Later in life, the hormone will ac-
tivate behavioral patterns such as mating behavior.

Body fluid findings have linked testosterone concentra-
tions with aggression in humans. For example, higher CSF
testosterone was associated with increased aggression
among alcoholic offenders (Virkkunnen et al, 1994). Yet,
aggression testosterone relationships are not simple one
to one linear relationships. Androgens interact with neu-
rotransmitters in modifying or modulating aggression. For
example, the increased aggression evident in genetically
altered neuronal nitrous oxide negative male mice appears
modulated by testosterone (Dawson 1997). Castration re-
duced aggression in neuronal nitrous oxide negative mice
and wild type mice to equal low levels. Testosterone re-
placement restored aggression to precastration levels
suggesting testosterone dependence. A study of plasma
androgens in 15 boys with conduct disorder and 25 nor-
mal controls found significantly higher levels of dehy-
droepiandrosterone sulfate (DHEAS) but not testosterone
in CD (van Goozen et al, 1998). Both aggression and
delinquency correlated with DHEAS levels.

Another neuroendocrine abnormality associated with
antisocial behavior is decreased cortisol secretion. The first
study describing low cortisol response to a stressor com-
pared adult male criminals in a maximum security hospital
to a criminal control group (Woodman et al, 1978). More
recently pediatric studies have documented associations. A
study of 38 clinic referred boys with disruptive behavior
found low salivary cortisol levels associated with early on-
set of and persistence of aggression (McBurnett et al, 2000).
A study of 47 adolescent girls with conduct disorder and 37
control girls found the girls with CD had lower plasma cor-
tisol levels (Pajer et al, 2001). Girls with CD, who did not
have other psychiatric comorbidity, had lower cortisol than
those with comorbidity or controls. Salivary cortisol had a
significant negative correlation with CD symptom counts
in boys and their parents (Vanyukov et al, 1993). However,
not all studies have found decreases. Urinary free cortisol
(Kruesi et al 1990) and plasma cortisol (Schulz et al 1997)
did not differ in boys with ADHD (most of whom had
comorbid CD or ODD) compared to normal controls.

Electrophysiology

The most common psychophysiologic measures recorded
from antisocial populations have been electroencephalog-
raphy (EEG), evoked potentials, event related potentials
(ERPs), heart rate (HR), and skin conductance (SC) (Scarpa
and Raine 1997). Adult psychopathy studies find three rel-
atively consistent abnormalities: (1) Generalized excess
theta activity; (2) foci of 6–8/second, 14–16/second bilat-
eral or right temporal activity; (3) localized slow-wave
activity in the temporal lobe (Dolan 1994). The compara-
tively slower EEGs are consistent with underarousal theo-
ries of psychopathy. However, often the EEG studies in-
clude psychopaths or criminals, but may not represent
aggression or the diagnosis of conduct disorder. For exam-
ple, two prospective studies by Volavka (1987) tracked
Scandinavian boys who had had EEG recordings before age
16 and followed up their criminal records. These studies re-
vealed relatively slower EEG frequencies in those with
repetitive theft but do not mention a link to violence. How-
ever, study of 372 male maximum security mental hospital
patients found more EEG abnormalities (slowing and/or
sharp waves) in the temporal lobes of the most violent
compared to the least violent: 20% versus 2.4% (Wong et
al. 1994). Overall rates of EEG abnormalities (meaning
without regard to location) were higher (43%) in the
most violent compared to less violent patients (24–26%).
Clinically, routine EEG screening is of limited value in
childhood antisocial behavior problems without clinical
evidence of neurologic disorder (Phillips et al. 1993).

Evoked Potentials

Event related potentials (ERP) are averaged changes of the
brains electrical activity in response to specific stimuli. The
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event related potential alternatively referred to as P 300 or
P3 describes the third positive peak component of the ERP
waveform that occurs at a modal time of 300 msec after
presentation of a novel/deviant/unexpected stimulus
(Fabiani, Gratton, & Coles 2000). Late, middle, and early
components are believed associated with attention, cortical
augmenting, and environmental filtering. Earlier studies re-
viewed by Raine (1993), largely in psychopathic subjects,
support three findings: (1) enhanced late latency ERP P300
amplitudes to stimuli of interest suggesting enhanced
attention for stimulating events; (2) heightened middle la-
tency ERP amplitudes to stimuli of increasing intensity,
consistent with sensation seeking; and (3) long early la-
tency brain stem average evoked responses, consistent with
decreased arousal and excessive environmental filtering.

A recent study (Iacono et al, 2002) using a statewide
sample of 502 male youth about age 17, identified from
Minnesota birth records as members of twin pairs, had
their P300 amplitude measured, using a visual oddball
paradigm. Structured clinical interviews covering attention
deficit hyperactivity disorder, conduct disorder, opposi-
tional defiant disorder, antisocial personality disorder, and
substance use disorders were administered to the youth and
his parents at the time of the P300 assessment and again to
the youth 3 years later. Reduced P300 was associated with
disorders and paternal risk for disorders, reflecting a behav-
ioral disinhibition spectrum that included attention deficit
hyperactivity disorder, oppositional defiant disorder, con-
duct disorder, antisocial personality disorder, alcoholism,
nicotine dependence, and illicit drug abuse and depen-
dence. Reduced P300 at age 17 predicted the development
of substance use disorders at age 20. Most effect sizes asso-
ciated with these group differences exceeded 0.70, indicat-
ing medium to moderately large group differences.

In another ERP study, the subjects were 94 community
males, aged 14–19 years, who varied in the type and num-
ber of conduct problem behaviors exhibited prior to age
15. Groups were operationally defined by the number (0
versus � or �1) of DSM-IV conduct disorder diagnostic cri-
teria within each of four categories: rules violations, aggres-
sion, deceitfulness/theft, and destructiveness. P300 elec-
troencephalographic potentials were recorded while
subjects performed a task in which rare auditory stimuli
were used to signal a change in stimulus-response mapping
during a succeeding set of trials. Analyses revealed that boys
with a history of rules violations failed to exhibit the nor-
mal maturational increase in P300 amplitude. Topographic
analyses suggest that the source of the maturational deficit
involved P300 generators within the frontal brain. Parietal
generators of P300 matured normally (Bauer & Hessel-
brock 2003). See Figure 12.1 from Bauer & Hesselbrock
2003.

Heart rate (HR) reflects sympathetic and parasympa-
thetic activity. The common view is that high HR is associ-
ated with anxiety, whereas low HR reflects underarousal. A
recent meta-analysis of studies of heart rate and antisocial
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Figure 12.1 Group-averaged event-related potential (ERP)
waveforms recorded at three representative electrode sites. The
waveforms are sorted by severity of the Rules Violations subtype
and age group. Note: Upon first examination, it appears that two
late positive (P300) components are present in the group-averaged
waveform. However, an examination of ERP waveforms obtained
from individual subjects reveals only one prominent positive peak.
The erroneous impression of two peaks is the result of averaging
data across subjects whose P300 ERPs vary markedly in their peak
latencies. (Reprinted from Bauer & Hesselbrock, 2003.)

behavior in children and adolescents found considerable
support for relationships between low heart rate and anti-
social behavior (Raine et al. 2004). Forty-five independent
effect sizes of the resting heart rate–antisocial behavior
relationship were obtained from 40 studies conducted
between 1971 to 2002 using a total of 5,868 children.
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Significant overall effect sizes were found for both resting
heart rate (d � �0.44, P � .0001) and heart during a stres-
sor (d � �0.76, P �.0001).

There appears to be some specificity to the low heart
rate antisocial behavior relationship. Other psychiatric
conditions such as hyperactivity, anxiety, depression,
schizophrenia or PTSD either do not differ from normal
controls or have higher rates (Raine 2002). The specificity
of the low heart rate relationship may be greatest for
crime/delinquency. The Ortiz & Raine meta-analysis ex-
amined broad band “antisocial” behavior. All the studies
that used crime as their inclusion criteria reported signifi-
cant effect sizes and had a 95% confidence interval for
their effect size in the direction of lower HR associated
with antisocial behavior. In contrast, studies which re-
ported higher heart rate associated with antisocial out-
come used samples where crime was not a clear inclusion
criteria. For example, two studies which found effects
(nonsignificant) in the opposite direction, higher rate as-
sociated with greater externalizing behavior used samples
which may not have been crime predominant. Zahn &
Kruesi (1993) studied a mixed group of ADHD, conduct
disorder and oppositional defiant disorder. Pine et al.
(1998) studied children at risk for delinquency. A third
study (Van Hulle et al. 2000) which did not find a low
heart rate association, used a young (age 7) twin sample
that lacked significant criminal representation as evi-
denced by mean scores on the CBCL delinquent subscale
that were significantly lower than published norms.

Skin conductance (SC), represents changes in the elec-
trical activity of skin. Sweating increases SC. Resting skin
conductance is thought to reflect arousal. There is some ev-
idence for underarousal in antisocial spectrum individuals,
but it is linked more to crimes of evasion than violence
(Scarpa & Raine 1997).

NEUROANATOMY AND
NEUROIMAGING

Where is the neuropathology for conduct disorder local-
ized? Despite the enormous public health impact of this
condition (Vostanis et al. 2003; Mandel et al. 2003; Jones
et al. 2002; Knapp et al. 2002; Kittelsen et al. 2001), there
is relatively little direct anatomic data to answer the ques-
tion. Most pediatric neuroimaging studies have focused
upon diagnoses other than CD (Peterson 1995, Kruesi et al.
2004). Consequently, much of the information this section
draws upon is from adult studies that address a variety of
related conditions.

Anatomic Evidence

Historically, lesions (often due to accident or tumor),
trauma history, and findings on neurological exam or neu-
ropsychological testing have furnished evidence regarding

localization. Two regions have most consistently been im-
plicated: prefrontal cortex and temporal lobe.

The Phineas Gage case is well known as evidence of trau-
matic frontal lesion in adulthood leading to impulsivity
and rage (Damasio et al. 1994). Subsequent cases, such as
those from the Vietnam Head Injury Study offer some con-
firmation that frontal lesions are associated with hostile,
impulsive, aggressive behavior (Grafman et al. 1996).
However, that study of Vietnam veterans did not address or
control for prehead injury aggression/conduct disorder ren-
dering it unclear how much aggression should be at-
tributed to the head injury (Brower & Price 2001). Violent
adult psychopaths display orbitofrontal dysfunction on
neuropsychological tests (LaPierre et al. 1995). However,
clinical observation suggests that the social inappropriate-
ness of patients with adult-onset prefrontal damage tends
not to include violent and criminal behavior (Damasio
2000). Traumatic frontal lobe injury cases have been re-
ferred to as acquired sociopathy because of the pattern of ir-
responsible socially inept behavior seen in the face of nor-
mal intellectual abilities. In contrast, early childhood onset
of prefrontal cortex lesions (before 16 months) is associ-
ated with defective social and moral reasoning in addition
to the insensitivity to future consequences of decisions, de-
fective autonomic responses to punishment contingencies
and failure to respond to behavioral interventions despite
normal basic cognitive abilities picture seen in adult-onset
patients (Anderson et al. 1999).

It has long been recognized that temporal lobe epilepsy
(TLE) can result in increased aggression (Bear & Fedio 1977).
A study of 372 adult male maximum security patients found
high violence scores correlated with CT scan and EEG ab-
normalities in the temporal lobes (Wong et al. 1994).

Frontal and/or temporal locations need to be thought of
as interconnected rather than isolated independent struc-
tures. This is illustrated by a study of temporal lobe
epilepsy patients. Analysis of MRI from 35 control subjects,
24 TLE patients with a history of repeated, interictal
episodes of aggression, and 24 patients with TLE without
episodes of aggression showed that patients with TLE with
aggressive episodes had a decrease of gray matter, most
markedly in the left frontal lobe, compared with each of the
other groups (Woermann et al. 2000). Although the tem-
poral lobe is a site of obvious pathology, the epileptic fo-
cus, findings suggest that structures elsewhere (frontal
lobe) underlie the pathophysiology of aggression in TLE.

Pediatric Neuroimaging Studies

There are only three MRI studies of groups of subjects with
conduct disorders to date and all address anatomic features
(Lyoo et al. 2002; Bussing et al. 2002; Kruesi et al. 2004).
The first examined white matter hyperintensities (WMH)
on MRI scans in 408 child and adolescent psychiatric inpa-
tients. WMH are believed to represent regions of increased
water density (Awad et al. 1986) and are reported to be in-
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volved in the pathogenesis of cognitive impairment
(Breteler et al. 1994). Study subjects were grouped accord-
ing to a hierarchical diagnostic system as follows:
schizophrenia (n � 42), bipolar disorder (n � 56), unipo-
lar depression (n � 94), conduct disorder/attention deficit
disorder (n � 103 of whom 80 met criteria for CD), and
other neurotic disorders (n � 30). Subjects without any
level 2 diagnoses on structured interview (n � 83) consti-
tuted the comparison group. Bipolar disorder, unipolar de-
pression, and conduct disorder/attention deficit disorder
groups were significantly more likely to have severe levels
of WMH than the controls (prevalence rates: 17.9%,
13.8%, 13.6%, 1.2%). The frontal lobes were the most fre-
quent location for WMH in the conduct disorder/attention
deficit disorder group (35.7%). The Bussing et al. study ex-
amined a community sample of 12 children with com-
bined subtype ADHD (aged 8–12, 7 of whom had comor-
bid conduct disorder) and 19 healthy controls matched for
age, gender, and handedness. Volume measurements, in-
cluding left/right asymmetries, were quantified from MRI
of the total brain, caudate and cerebellar vermis. No signif-
icant differences in total brain volume, caudate volume,
asymmetry of the hemispheres or asymmetry of the caudate
were found between the groups. Another study used MRI
imaging to compare brain anatomy in 10 early onset con-
duct disorders and 10 age, sex, and handedness matched
controls free of psychiatric disorders (Kruesi et al. 2004).
Right temporal lobe total and gray matter volumes were
smaller in conduct disorder subjects before and after co-
varying whole brain volume. See Figure 12.2 for an illus-
tration of MRI techniques used.

Smaller frontal lobe volumes were found, but did not
reach statistical significance.

Two SPECT studies have examined mixed adolescent and
adult subjects with aggression. One study examined a mixed
group of 40 aggressive adolescents and adults with various
psychiatric disorders (Amen et al. 1996). Findings include
significant decreased activity in the prefrontal cortex and in-
creased activity in the anteriomedial portion of the frontal
lobe and left side basal/ganglia in the aggressive patients.
Focal abnormalities were also seen in the left temporal lobe.
The prefrontal cortex is involved in impulse control, critical
thinking and concentration. Another SPECT study (Soder-
strom et al. 2000) also includes a mixed adolescent and
adult sample of 21 nonpsychotic violent offenders. In 16/21
of those subjects some hypoperfusion was noted in the
frontal or temporal lobes. Importantly, the abnormalities
were as severe in the subgroup (n �7) without major men-
tal disorders or substance abuse as they were in those with
those diagnoses.

Adult Neuroimaging

Using MRI, Raine et al. (2000) found an 11% reduction in
the prefrontal gray matter volume compared to controls in
21 subjects with ASP to 34 healthy controls, 26 substance
abusers, and 21 psychiatric controls. The mean psychopa-
thy scores for subjects suggest many, if not most, of the ASP
subjects in that study also meet criteria for psychopathy. A
study of 15 antisocial men with high psychopathy scores
and 25 matched controls found a large effect size (d � 1.8)
for an increase in volume of the corpus callosum in the
psychopaths compared to controls (Raine et al. 2003).

A growing body of literature is identifying activity dif-
ferences in adult psychopaths. A study of 32 violent of-
fenders found correlations between regional cerebral blood

Chapter 12: Conduct Disorder and Sociopathy 251

Figure 12.2 The figure (A) illustrates an unen-
hanced MRI coronal section through a midlevel of the
temporal lobe (anterior thalamic nucleus visible). In (B)
the temporal lobe has been defined by a boundary
function. In the figure (C) a line perpendicular to the
axis of the temporal stem connects the Sylvian fissure
and the lateral ventricle. An automated edge detection
technique defines the outer border of the temporal
lobe and corresponding white matter (C and D). Used
with permission from MJP Kruesi, et al. Psychiatry Re-
search: Neuroimaging 132 (2004) 1–11.
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flow and scores on the Psychopathy Checklist–Revised
(Soderstrom et al. 2002). Significant negative correlations
between frontotemporal perfusion and the interpersonal
(callous, unemotional), but not the behavioral (antisocial,
impulsive) aspects of psychopathy were seen. The most
clearly associated regions of interest were the head of the
caudate and the hippocampi. Decreased hippocampal per-
fusion may also reflect the anatomic finding of another
Scandinavian group who reported decreased hippocampal
volumes in psychopaths (Laasko et al. 2001). A study of 8
psychopathic criminals, 8 nonpsychopathic criminals and
8 controls used fMRI to examine localized brain activation
during performance of an affective memory task (Kiehl et
al. 2001). The psychopaths showed significantly less affect-
related activity in the amygdala/hippocampus but overacti-
vation in the frontotemporal cortex for processing affective
stimuli. An fMRI study of 6 psychopaths and 6 controls
found increased right prefrontal and amygdala activation
in response to negative emotional pictures among the psy-
chopaths (Muller et al. 2003). Another small sample study
with 4 psychopaths, 4 social phobics, and 7 controls used
fMRI to examine brain activity during an emotional learn-
ing activity (Veit et al. 2002). Results were indicative of hy-
poactive frontolimbic circuits among the psychopaths dur-
ing the aversive conditioning.

One important caveat in examining neurobiologic stud-
ies of ASP is that substance abuse is a recognized confound.
Uncertainty about primary versus acquired deficits is a
problem in cross-sectional MRI studies (Franklin et al.
2002). For example in the Raine et al. (2000) MRI study of
ASP, cocaine dependence was present in 67% of the ASP
group but only 31% of the substance abuse group which
raised questions as to whether the prefrontal volume re-
duction is related to ASP or a product of cocaine depen-
dence (Franklin et al. 2002). Evidence mounts that state de-
pendent brain changes due to substance abuse/dependence
or abstinence occur. Brain shrinkage with chronic alco-
holism is well acknowledged, but only recently have in-
creases in brain size been shown with abstinence (Liu et al.
2000).

PET scan studies have also identified functional abnor-
malities associated with violence. Murderers (n � 41)
were characterized by reduced glucose metabolism com-
pared to controls in the prefrontal cortex, superior parietal
gyrus, left angular gyrus, and the corpus callosum, while
abnormal asymmetries of activity (left hemisphere lower
than right) were also found in the amygdala, thalamus,
and medial temporal lobe (Raine et al. 1997). Some sub-
jects were classified as predatory murderers (N�15) and
others as affective murderers (n�9) (Raine et al. 1998).
Paralleling studies of predatory versus affective aggression
in cats, functional differences were seen between groups:
Affective murderers relative to comparisons had lower left
and right prefrontal functioning, higher right hemisphere
subcortical functioning, and lower right hemisphere pre-
frontal/subcortical ratios. In contrast, predatory murderers

had prefrontal functioning that was more equivalent to
comparisons, while also having excessively high right sub-
cortical activity. Results support the hypothesis that emo-
tional, unplanned impulsive murderers are less able to
regulate and control aggressive impulses generated from
subcortical structures due to deficient prefrontal regula-
tion. The excessive subcortical activity associated with vio-
lence is consistent with other suggestions that neural over-
activity, such as seen in temporal lobe epilepsy, can
increase violence risk.

An imaginal study found rCBF reductions in the ventro-
medial prefrontal cortex of 15 volunteers during imagined
aggressive behavior (Pietrini et al. 2000). This suggests a
possible role for functional deactivation of the area during
aggression.

A magnetic resonance spectroscopy study examined cor-
relates of repetitive violence to self and others in 13 mildly
mentally retarded individuals and 14 controls (Critchley et
al. 2000). Concentrations and ratios of N-acetyl aspartate
(NAA) and creatine phosphocreatine (Cr�PCr) were as-
sayed. NAA concentration and Cr�PCr concentration
reflect neuronal density and high-energy phosphate
metabolism respectively. Violent patients had lower pre-
frontal concentrations of NAA and Cr�PCr and a lower
NAA/ Cr�PCr ratio in the amygdalo-hippocampal com-
plex than controls. Within the violent group, prefrontal
NAA concentration correlated with the frequency of ob-
served aggression.

DIAGNOSIS & CLINICAL FEATURES

Assessment

Assessment of the child with CD needs to include a thor-
ough psychiatric evaluation which should be multidimen-
sional and employ multiple informants (AACAP 1997).
Multiple lines of inquiry—diagnosis, symptom severity/
diversity, associated features, comorbid conditions and the
context within which the disorder is appearing—will influ-
ence the methods, intensity, and foci of intervention. The
DSM-IV-TR criteria for CD require that the individual repet-
itively and persistently violates either the basic rights of oth-
ers or age-appropriate societal norms or rules, as evidenced
by at least three of the following criteria in the past year (and
at least one criterion present in the past 6 months):

Aggression to people or animals—criteria include bully-
ing or intimidation, physical fights, use of a weapon,
physical cruelty to people, physical cruelty to animals,
theft while confronting a victim, forcing someone into
sexual activity

Destruction of property—criteria include deliberate fire-
setting or by other means

Deceitfulness or theft—criteria include theft with or
without breaking and entering, lying in order to ob-
tain goods or avoid obligation
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Serious violation of rules—criteria include staying out at
night despite parental objection (beginning before
age 13), running away from home, truancy from
school (beginning before age 13).

These behaviors must have caused clinically significant im-
pairment in social, academic, or occupational functioning.
In addition, if the individual is at least 18 years old, criteria
are not met for antisocial personality disorder.  

Antisocial personality disorder (ASP) in adulthood re-
quires conduct disorder in childhood. Because ASP is one
of the adverse possible outcomes of CD, it is important to
recognize when a patient has already met ASP criteria prior
to age 18. The DSM-IV-TR criteria for ASP require that the
individual be at least 18 years of age, have a history of con-
duct disorder, and display a pervasive pattern of disregard
for and violation of the rights of others occurring since age
15, as evidenced by at least three of the following: (i) re-
peatedly engaging in unlawful behaviors that are grounds
for arrest; (ii) deceitfulness; (iii) impulsivity or failure to
plan ahead; (iv) irritability and aggressiveness; (v) reckless
disregard for safety of self or others; (vi) consistent irre-
sponsibility (failure to honor obligations); and (vii) lack of
remorse. These behaviors must not occur exclusively during
the course of a schizophrenic or manic episode. 

A careful history, review of systems, psychiatric and
medical exam will often determine the need for further in-
vestigations. Laboratory examinations are a function of in-
dividual history as well as age: for example, adolescents
with CD should have a urine drug screen and have screens
for sexually transmitted disease but not all prepubertal in-
dividuals with CD will need those measures. EEG, MRI, CT
and other brain imaging are not routine evaluations for in-
dividuals with conduct disorder, but are prompted by neu-
rologic symptoms or history.

The usual clinical use of neuropsychological testing in
CD, in the absence of brain damage/focal neurologic find-
ings, is to assess learning disabilities and intellectual ability.
Individuals who have committed severe violence (e.g.
homicide) may require greater scrutiny because of high rates
of head injuries and other CNS insults (Lewis et al. 1988).

Assessment needs to consider features that are not part of
the CD diagnosis. For example, strengths and protective fac-
tors are important to assess, so they can be mobilized in
treatment (U.S. Department of Health and Human Services
1999). Some domains to be assessed are listed in Table 12.2.

Neuropsychological Testing

Intelligence quotient (IQ) has long been related to risk for
juvenile delinquency with IQ scores showing associations
with juvenile delinquency of the same magnitude as those
of class or race (Moffitt 1993). The generally accepted 8
point discrepancy between delinquents and their law abid-
ing peers, is not propelled by those with transient law
breaking but a large (e.g. 17 point) difference between ha-
bitual offenders and controls (Moffitt 1990).

Although there is substantial agreement about the asso-
ciation between IQ and delinquency, associations between
CD and more circumscribed neuropsychological functions
are controversial. In the preceding decade, two domains
were thought impaired in individuals with CD: “executive”
self-control functions and language based verbal skills
(Moffitt 1993). Executive cognitive function is defined as a
higher order cognitive construct involved in the planning,
initiation, and regulation of goal directed behavior (Milner
1995). Executive function is thought to localize in pre-
frontal cortex and its limbostriatal connections.

Recent evidence suggests executive function problems are
not as central to CD as previously thought. Executive func-
tion deficits are well documented in ADHD but not in CD
without ADHD (Pennington & Ozonoff 1996). Meta-analy-
sis of 39 studies of antisocial behavior which utilized well-
defined criteria for executive function: (a) tests had to inco-
porate at least one of the theoretical domains of executive
function (e.g. volition, planning, purposive action, and/or
effective performance); and one or more of (b) and (c): (b)
the test has been found in brain imaging research to prefer-
entially activate the frontal cortex and/or (c) the test had dif-
ferentiated patients with frontal lesions from patients with
focal lesions in other brain areas or patients with diffuse
brain damage delineated the impact of differing antisocial
inclusion criteria (Morgan & Lilienfeld 2000). Overall, anti-
social groups performed 0.62 standard deviations worse on
executive function tests than controls. Significantly, larger ef-
fect sizes were seen when crime/ delinquency was the inclu-
sion criteria rather than ASP/CD or psychopathy.

The primacy of verbal cognitive deficits has also been
brought into question. Cross-sectional studies support the
view that there are verbal, but not spatial, cognitive deficits
in antisocial groups (Rutter et al. 1998; Raine 1993; Moffit
1993). In the Morgan & Lilenfeld (2000) meta-analysis of
executive function tests and antisocial behavior the largest
effect size (d � .8) was seen for a visuospatial measure

TABLE 12.2
DOMAINS FOR ASSESSMENT IN CONDUCT
DISORDER INDIVIDUALS

■ supervision and behavioral management needs;
■ history of sexual and physical abuse;
■ separation, divorce or death of key attachment figures;
■ evidence of attachment capacity;
■ intellectual ability, educational potential, disabilities,

achievements, and learning style;
■ peer relationships, especially the extent peers are reinforcing

negative behaviors;
■ family problems and strengths;
■ environmental factors including disorganized home and lack of

supervision;
■ presence of neurotoxins such as lead; and
■ ability to form and maintain relationships.

Adapted from Steiner et al, 1997 and McMains et al
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(Porteus Mazes) whereas a verbal measure (word fluency)
showed a small effect size (d � .26). Until recently studies
had not examined which came first. A recent population-
based study assessed verbal and spatial abilities at ages 3 and
11 in 330 children whose antisocial behavior was assessed
at ages 8 and 17 (Raine et al. 2002). Persistently antisocial
individuals had spatial deficits, in the absence of verbal
deficits at age 3, independent of social adversity, early hy-
peractivity, test motivation, or comprehension. This sug-
gests early spatial deficits, as assessed by block assembly and
copying shapes, are a precursor to delinquent behavior
whereas the verbal deficits may be developmentally ac-
quired or represent a later unfolding of latent neuropathol-
ogy. Verbal deficits were seen at age 11 but not age 3. Per-
sistent spatial cognitive deficits were specific to persistently
antisocial individuals; the childhood limited and adoles-
cent-onset antisocial groups did not show this finding.

COURSE AND PROGNOSIS

Although childhood conduct disturbance is common, it
persists into adulthood in only about one third of cases
(Rutter 1989). In contrast, ASP is almost always preceded by
CD in childhood (Robins 1966, 1978). Thus, the presence
of conduct disturbance in childhood is not in itself predic-
tive of chronicity. Moran reports a prevalence rate of anti-
social personality disorder between 2 and 3% in the general
adult population (1999). Study data on longitudinal course
are influenced by the defining characteristics of the sample
studied. Clinic-based samples usually differ in important
ways from those collected epidemiologically. Thus, care
must be taken when generalizing across studies. As previ-
ously noted, aggression and delinquency are concepts that
overlap with CD but are not synonymous with it. Nonethe-
less, longitudinal studies of these behavioral dimensions
yield information important to our understanding of CD.

Rates of psychiatric comorbidity with CD are known to
be high, and may in part explain the significant functional
impairment in children with CD. As such, understanding
the nature and longitudinal course of comorbidity may be
helpful in recognizing and treating children with CD. Six
waves of structured diagnostic assessments over a period of
seven years in a group of 168 clinic-referred boys, revealed
a parallel longitudinal relationship between conduct disor-
der behaviors and symptoms of ODD, ADHD, depression,
and anxiety (Lahey et al. 2002). CD and ODD behaviors
were found to be symmetrically associated, in that early CD
symptoms presaged ODD symptoms in later waves and
vice-versa. In contrast, the CD behavior association with
ADHD, depression, and anxiety symptoms was asymmetric.
Early high symptom levels of ADHD, depression, and anxi-
ety did not presage high levels of CD behaviors in later
waves, though high early levels of CD did presage later high
symptom levels of ADHD, depression, and anxiety. The re-
sults support the notion that ODD symptoms are often seen

as a precursor to later CD symptoms. In a group of 4,500
children, the Great Smoky Mountains Study examined
models of the relationship between ODD and CD (Rowe et
al. 2002). Over four waves of data collection, ODD was a
strong risk factor for CD among boys but not girls.

The landmark study of CD outcome was Lee Robins’s
longterm follow-up of children who attended a St. Louis,
Missouri, child guidance clinic in the 1920s and 1930s
(Robins 1966). This study made the important observation
that persistence of CD was predicted not by any one spe-
cific CD symptom but rather by the quantity of symptoms.

DSM-IV includes subtypes of CD based on age of onset
(age 10 or younger versus age 11 or older). These sub-
groups differ markedly in level of physical aggression:
those with early-onset CD are more likely to exhibit aggres-
sion than those with late-onset CD (Lahey et al. 1998). Ev-
idence suggests a relatively early onset of CD among boys
with ADHD (Biederman et al. 1996; Hinshaw et al. 1993).

Community-based studies in New Zealand (McGee et
al. 1992) and Canada (Offord et al. 1992) have provided
data on the shorter-term course of CD. In the Canadian
study, close to half (45%) of the children with CD at age 4
to 12 years still had CD when followed up 4 years later (Of-
ford et al. 1992). Moreover, the presence of CD also
predicted emotional disorder at follow-up in 29% of sub-
jects. Four-year follow-up of the New Zealand birth cohort
revealed that the presence of a disruptive behavior disorder
(CD, oppositional defiant disorder, or hyperactivity) at age
11 years predicted a disruptive behavior disorder at age 15
years for boys but not for girls (McGee et al. 1992).

Childhood-onset aggression is a significantly stable
characteristic (Farrington 1991; Loeber 1991; Olweus
1979) that has considerable prognostic import both within
CD and for a broad range of (overlapping) poor outcomes:
subsequent aggression (Huessmann and Eron 1984; Loney
et al. 1981; Pfeffer et al. 1983), illegal drug involvement
(Farrington 1991; Loney et al. 1981), criminal activity
(Douglas 1966; Ensminger et al. 1983; Farrington 1991;
Feldhusen et al. 1976; Huessmann and Eron 1984; Morris
et al. 1956; Stattin and Magnusson 1989; Farrington 1991).
A significant limitation is the paucity of data on the out-
come of aggressive behavior in girls; almost all of the avail-
able information derives from studies of males (Offord &
Bennett 1994). Early pregnancy and adult diagnosis of an-
tisocial personality disorder are known potential outcomes
of girls with CD (Bardone et al. 1996; Kovacs et al. 1994;
Robins et al. 1991; Zoccolillo and Rogers 1991).

INTERVENTION

Prevention

Prevention of CD appears to require very early intervention
(Webster-Stratton & Taylor 2001). Because pediatric be-
havioral disturbances have been associated with low birth
weight, prematurity, obstetric complications, physical
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anomalies, maternal illness, child maltreatment, poor nu-
tritional status, parental substance use, weak or harsh par-
enting, and maternal rejection it is logical that efforts to
minimize such risks may help prevent CD. Home visitation
is an instructive example. Early childhood home visitation
programs have parents and their children visited in home
by trained personnel during the first 2 years of the child’s
life. Support, information or training about child develop-
ment, health and care are the usual elements. Review of 21
studies found home visitation of young mothers reduced
child maltreatment by about 40% compared to controls,
but insufficient evidence was available to determine the ef-
fectiveness in preventing violence by the children who had
been visited (Hahn et al. 2003).

Intervention

Broad guidelines for the treatment of conduct disorder are
presented in Table 12.3 as adapted from the American
Academy of Child and Adolescent Psychiatry’s Practice Pa-
rameters (AACAP 1997), the Surgeon Generals Report on
Mental Health (US Dept of Health and Human Services
1999), and Vermont State Interagency Team recommenda-
tions for treatment of Conduct Disorder (McMains et al.
2003).

Psychosocial Intervention

Psychosocial interventions are first line treatments that
must address a wide array of features, including CD symp-
toms, comorbid diagnoses, other concurrent problems,
and the context in which the child lives. A spectrum of in-
terventions may be needed, depending on the severity of
the disorder, the individual’s response to less intense treat-
ment, and the risk he or she presents to self, others, and the
community. Wide-ranging intervention strategies have

been termed multimodal or multisystemic, indicating that a
variety of therapeutic modalities are to be applied to a
range of systems that relate to or interface with the child
(Henggeler et al. 1998).

Interventions for CD in pediatric age groups take ad-
vantage of the fact that CD is more environmentally re-
sponsive than adult ASP (Cadoret et al. 1995; Lyons et al.
1995; Reiss et al. 1995). Among the components of CD in-
terventions, efforts that support parenting and behavioral
monitoring/treatment are a mainstay. A review (Brestan &
Eyberg 1998) entitled “Effective psychosocial treatments
for conduct-disordered children and adolescents: 29 years,
82 studies and 5,272 kids” found two interventions that
met criteria as having well-established efficacy, parent
training programs based on Patterson & Guillon’s manual
Living with Children (1968) and videotaped modeling par-
ent training (Webster-Stratton 1984). Parent management
training focuses upon training parents to both develop and
implement contingency management programs. Such pro-
grams involve establishing clear behavioral goals, reinforc-
ing steps in the direction of the goals and providing conse-
quences for inappropriate behavior. Parent management
training programs also seek to improve the quality (and
sometimes the quantity) of parent child interaction, super-
vision and monitoring. As seen in Table 12.4, much of the
practical advice for conduct disorder management in pri-
mary care settings (Searight et al. 2001) reflects contin-
gency management and parent education.

Subsequent review of more than 500 programs designed
to treat and prevent youth antisocial behavior found just 3
that reduced adolescent criminal behavior (Mihalic et al.
2001). All three are manualized family-based ecological

TABLE 12.4
PRACTICAL INTERVENTIONS FOR
MANAGEMENT OF PATIENTS WITH CONDUCT
DISORDER IN PRIMARY CARE

Assess severity and refer for treatment with a subspecialist as
needed.

Describe the likely longterm prognosis without intervention to
caregiver.

Structure children’s activities and implement consistent behavior
guidelines.

Emphasize parental monitoring of children’s activities (where they
are, who they are with). Encourage the enforcement of curfews.

Encourage children’s involvement in structured and supervised
peer activities (e.g., organized sports, Scouting).

Discuss and demonstrate clear and specific parental
communication techniques.

Help caregivers establish appropriate rewards for desirable
behavior.

Help establish realistic, clearly communicated consequences for
noncompliance.

Help establish daily routine of child-directed play activity with
parent(s).

Source: Adapted from Searight et al, 2001.

TABLE 12.3
INTERVENTION FOR CONDUCT DISORDER

1. Thorough assessment using multiple information sources with
special attention to risk and resiliency factors. Identify all
significant problems. Address severity and course both in terms
of past history and of future risk.

2. Identify strength and resilience factors in the environment as
well as within the individual to mobilize and build upon for
treatment. Consider the fit of the behavior within its
environmental context.

3. Identify all significant problem domains and plan for each of
them. Prioritize impact.

4. Mobilize, strengthen and support parenting of the youth.
5. Address supervision and behavioral management needs.
6. Treat comorbidity.
7. Consider pharmacotherapy as an adjunct for certain targeted

behaviors (e.g. affective aggression).

Source: Adapted from AACAP practice parameters for Conduct
Disorder (Steiner et al, 1997)
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models: multisystemic therapy (MST) (Henggeler et al.
1998); functional family therapy (Alexander et al. 1998)
and mutidimensional treatment foster care (Chamberlain
& Mihalic 1998). Elements common to the three treat-
ments are outlined in Table 12.5.

Supervision, monitoring and behavioral management
interventions for youth with CD can involve systems or set-
tings beyond a parental home. Levels of intervention have
been outlined for the treatment of acute psychiatric illness
and follow a general principal of “least restrictive” setting
ranging from general outpatient treatment up to hospital-
ization (APA & AACAP 1997). Some recent data support the
least restrictive concept. A trial comparing traditional inpa-
tient hospitalization to multisystemic therapy (MST) for
youth referred for psychiatric hospitalization found MST
was more effective at decreasing youths’ externalizing symp-
toms and improving their family functioning and school at-
tendance four months after randomization (Henggeler et al.
1999). However, even with intensive treatment and com-
mitment to family collaboration, hospitalization, or thera-
peutic foster care may be needed (Henggeler et al. 1999).
Therapeutic foster care involves placement of youth in
homes with foster parents trained to provide a structured
environment that supports the child learning social and
emotional skills. Some data suggest therapeutic foster care
can reduce violence by chronically delinquent adolescents
(Hahn et al. 2004). One randomized controlled trial as-
sessed the effects of therapeutic foster care, which included
active collaboration with program personnel on a daily ba-
sis, with group home placement using reported felony as-
saults as an outcome measure (Chamberlain & Reid 1998).
Program intensive therapeutic foster care reduced felony as-
saults by 73%. Subsequent analysis of data from that study
found that family management skills (discipline, supervi-
sion, and a positive adult child relationship) and deviant
peer association explained 32% of the variance in outcome
(Eddy & Chamberlain 2000).

Analyses of the ecological family-based treatments for
juvenile delinquents discussed above are very encouraging
in terms of cost effectiveness (Aos et al. 2001; Miller and
Levy 2000). However, caveats exist. One limitation is that

many studies involve conduct problems rather than address
those individuals meeting full criteria for CD. Only 28% of
studies Brestan & Eyberg (1998) reviewed included subjects
meeting DSM criteria for CD or oppositional defiant disorder.
There are studies that include clinically severe “real world”
samples. For example, the Multisystemic Treatment (MST)
studies of Henggeler et al. (1999, 2002) treat substance
abusing delinquents or youth presenting for psychiatric
hospitalization. Results of MST are encouraging and con-
sistent with the Surgeon General’s recommended treatment
emphases (i.e., family-focused, attending to multiple deter-
minants of problems, and strength based) (USPHS 2001).
Four randomized trials demonstrated the capacity of MST
to achieve improved longterm (� 2 year) outcomes
(Henggeler et al. 2003). However, assuming the results
generalize to those with the DSM-IV conduct disorder di-
agnosis or to predominantly mental health populations is
likely to be unfair. In the study of MST as an alternative to
hospitalization, 33 of 109 subjects had caregiver DISC in-
terviews meeting criteria for conduct disorder (Henggeler et
al. 1999). Thus, the bulk of subjects in that study did not
meet CD criteria.

Treatment of comorbid conditions is a logical part of
conduct disorder/aggression treatment algorithms (Kruesi
& Lelio 1996; Pappadopulous et al. 2003; Kutcher et al.
2004), but may or may not impact CD symptoms. For ex-
ample, a controlled trial of cognitive behavioral therapy
(CBT) for depression in 93 adolescents with depression
and conduct disorder found that CBT improved Beck de-
pression scores post treatment but did not improve CD
(Rohde et al. 2004). In contrast, 11 of 13 prepubertal boys
with comorbid CD and depression had improvement in
their conduct disorders when their depression went into re-
mission (Puig-Antich et al. 1982). Although there is some
uncertainty about the degree to which treatment of comor-
bid conditions impacts conduct disorder, there is a definite
deleterious impact of psychiatric comorbidity upon the
treatment of delinquents. The lasting results seen in the ju-
venile justice based samples treated with MST were not
found to persist in a psychiatric population (Henggeler et
al. 2003).

TABLE 12.5
COMMON PROPERTIES OF 3 TREATMENTS WHICH DECREASED CRIMINAL BEHAVIOR
IN ADOLESCENCE

—Treatment planning is informed by the science base about risk factors and tailored to the youth and family’s social ecology. E.g. All seek
to limit contact with antisocial peers, to increase family monitoring, to use behavioral techniques to structure home and school settings
and to increase prosocial contact and activities.

—Engaging the family in treatment is a necessary step
—Once engagement has occurred, parent training and behavioral techniques are utilized to push behavioral change
—Generalization is a later step which seeks to integrate indigenous resources
—Manualized treatment delivered by trained therapists accompanied by quality assurance and treatment fidelity methodology

Source: Adapted from Henggeler & Sheidow,
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Psychopharmacologic Interventions

Currently, there are no United States Food and Drug Ad-
ministration (FDA) approved medication indications for
conduct disorder. Despite the salience of violence and the
suffering it causes, there is comparatively little investiga-
tion of pharmacologic intervention for aggression and in-
quiry has often been limited by meager financial support
and stalled by political concerns (Enserink, 2000, Kruesi,
in press). However, many readers may be surprised to
note that chlorpromazine carries a long-standing FDA in-
dication for “the treatment of severe behavioral problems
in children (1 to 12 years of age) marked by combative-
ness and/or explosive hyperexcitable behavior” (FDA
Web-site, www.fda.gov). Traditionally, pharmacological
approaches to conduct disorder have focused on comor-
bid conditions, such as ADHD or affective disorders, or
on specific target symptoms that mimic symptomatology
of other disorders. The most well-studied classes of medi-
cations for use in CD include the mood stabilizers, neu-
roleptics, and stimulants.

Mood Stabilizers
Evidence for the utility of mood stabilizers in aggres-
sion/conduct disorder is gradually growing. Lithium has
been a treatment for adult bipolar disorder for several
decades. Since manic aggression responds to lithium, it
has been proposed that aggression associated with con-
duct disorder may also respond to this medication. Thus
far, three placebo-controlled trials, including a combined
total of 151 subjects, have yielded positive results (Camp-
bell et al. 1984; Campbell et al. 1995, Malone et al.
2000). However, Rifkin and colleagues observed no sepa-
ration from placebo for lithium among 33 adolescent in-
patients with CD (1997). Additionally, problems with
compliance as well as the potential for significant adverse
effects and toxicity may limit lithium’s use among youths
with CD.

Donovan and colleagues have investigated the use of di-
valproex among children with disruptive behaviors. An
open trial among ten subjects (1997) and a double blind,
placebo-controlled study among twenty youths (2000) re-
vealed positive results. Steiner and colleagues conducted a
seven-week randomized, controlled trial of divalproex in
seventy-one youths with CD, noting significant symptom
improvement among those receiving a dose usually associ-
ated with the therapeutic range for anticonvulsant usage
(2003). Divalproex was well tolerated by the subjects in
these studies. While these initial results are encouraging,
further study must be undertaken to further elucidate the
role of divalproex in treating CD.

Carbamazepine appeared effective in an open study
among subjects with temper outbursts (Mattes 1990) and
in controlled trials among youths with aggression and
impulsivity (Groh 1976; Puente 1976), but was not supe-
rior to placebo in a double-blind study of twenty-two chil-
dren with aggressive CD (Cueva et al. 1996).

Neuroleptics
Neuroleptics are considered a treatment of later resort in
patients with CD because of their potential side effects
(Pappadopoulos et al. 2003; Schur et al. 2003; Kruesi & Le-
lio 1996). However, available evidence suggests neurolep-
tics will decrease some aggression. Pimozide, a neuroleptic,
was effective in a study of ten children with antisocial be-
havior (Broche 1980). The typical neuroleptics haloperidol,
thioridazine, and molindone were superior to placebo
among inpatient CD patients (Campbell et al. 1984; Green-
hill et al. 1985), though the potential for adverse events,
including movement disorders, limits the use of typical
neuroleptics among youths. Recent investigation of risperi-
done, an atypical neuroleptic, in CD (Buitelaar et al. 2001;
Ercan et al. 2003; Findling et al. 2000) and in disruptive be-
havior among youth with subaverage intelligence (Aman et
al. 2002; Snyder et al. 2002) have yielded positive results.
Risperidone was generally well tolerated and likely poses
less risk for movement disorders than typical neuroleptics.
An open trial of olanzapine, another atypical neuroleptic,
yielded improvement among six aggressive youths (Soder-
strom et al. 2002). Further study of atypical neuroleptics
may elucidate their role in treatment of CD. At present,
risperidone appears particularly promising given its ex-
panding evidence base. Caution is indicated, though, as
atypical neuroleptics have increased risk for obesity, dia-
betes and dyslipidemia (American Diabetes Association
2004).

Stimulants and atomoxetine
Stimulants and atomoxetine have FDA approved indica-
tions for ADHD. Given the frequent comorbidity of con-
duct or oppositional defiant disorders with ADHD (which
may be as high as 80% in clinical samples (Abikoff &
Klein 1992), stimulants have been investigated in youths
with both diagnoses, with generally positive results
(Gadow et al. 1990; Hinshaw et al. 1992; Kaplan et al.
1990; Klein et al. 1997; Kolko et al. 1999). Of note, one
third of the subjects in the study conducted by Klein and
colleagues met criteria for CD but not ADHD. Interest-
ingly, these subjects exhibited positive effects, which may
indicate a role for stimulant treatment in CD without
ADHD. Similarly encouraging are the results of a meta-
analysis of stimulant effects on aggressive behaviors in
ADHD, which revealed effect sizes similar to those for the
core symptoms of ADHD (Connor et al. 2002). But, a re-
cent trial of pemoline in conduct disorder youth found
that although ADHD symptoms improved, CD did not
(Riggs et al. 2004).

Other agents
Controlled studies with other agents are lacking. Antide-
pressants may play a role in treatment, given the frequent
comorbidity between CD and affective disorders. An open
trial of fluoxetine in eight adolescents with major depres-
sion, CD, and substance use disorder yielded positive
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results (Riggs et al. 1997). Some children have had un-
comfortable side effects with fluoxetine (Riddle et al.
1991). Safety and tolerability in children is reflected in
both its FDA approval for treatment of childhood depres-
sion and its FDA public health advisory about the possi-
bility of increased suicidality (http://www.fda.gov/cder/
drug/antidepressants/AntidepressanstPHA.htm). Open tri-
als of trazodone among aggressive inpatient youths also
revealed symptom improvement (Ghaziuddin and Alessi
1992; Zubieta and Alessi 1992). Clonidine, and alpha-
adrenergic agonist often used as an adjunctive agent in
ADHD, was effective in reducing aggression in open stud-
ies (Hunt et al. 1986; Jaselskis et al. 1992; Kemph et al.
1993). Additionally, a pilot study investigated clonidine
and methlyphenidate, each alone or in combination,
among three randomized groups of eight male children
with ADHD and comorbid aggressive oppositional defiant
or conduct disorder, revealing significant improvements
in oppositional and conduct disordered symptoms (Con-
nor et al. 2000).

Summary and Conclusions

Our neuropsychiatric understanding and appreciation of
conduct disorder grows and the time to cease confusing
conduct disorder, psychopathy, delinquency and aggres-
sion has arrived. The disorder appears to involve frontal
and temporal brain regions and may also be expressed in
structural, autonomic, and reproductive features.

Recognition of the enormous impact of conduct disor-
der/sociopathy is in its beginning stages. Knowledge of
the evolutionary fit of the disorder is primitive. But as a
society, we need to recognize that mistreatment of chil-
dren (e.g. abuse, neglect, and prenatal malnutrition) in-
creases the risk for and perhaps the prevalence of conduct
disorder/ASP (Jaffee et al. 2004). Genetic influences are
present whether conduct disorder/sociopathy, delin-
quency/crime, aggression, and/or psychopathy are the be-
havioral outcomes of interest. Interactions of the environ-
ment and genes as well as gene–gene interactions are
receiving increasing recognition for their relevance to con-
duct disorder/sociopathy. But, the mechanisms remain
elusive.

Conduct disorders are heterogeneous. Evidence mounts
that parsing psychopathy, particularly the callous-unemo-
tional dimension from CD, will be useful in increasing our
understanding and in designing better interventions.

REFERENCES

Abikoff H, Klein RG. Attention-deficit hyperactivity and conduct dis-
order: co-morbidity and implications for treatment. J Consult Clin
Psychol 1992; 60:881–92.

Achenbach, TM, and Edelbrock, CS. Manual for the Child Behavior
Checklist and Revised Child Behavior Profile. Burlington, VT: Uni-
versity of Vermont, 1983.

Alexander RC, Breslin N, Molnar C, Richter J, et al. Counterclockwise
scalp hair whorl in schizophrenia. Biol Psychiatry 1992 32:842–5.

Alexander JF, Parsons BV. Short-term behavioral intervention with
delinquent families: impact on family process and recidivism. J Ab-
norm Psychol 1973; 81:219–225.

Aman MG, De Smedt G, Derivan A, et al. Double-blind, placebo-con-
trolled study of risperidone for the treatment of disruptive behav-
iors in children with subaverage intelligence. Am J Psychiatry 2002;
159:1337–46.

American Academy of Child and Adolescent Psychiatry. Practice pa-
rameters for the assessment and treatment of children and adoles-
cents with conduct disorder. J Am Acad Child Adolesc Psychiatry.
1997;36(suppl):122–39.

Ary DV, Duncan TE, Biglan A, Metzler CW, Noell JW, Smolkowski K.
Development of adolescent problem behavior. J Abnorm Child
Psychol 1999; 27:141–50.

Awad IA, Johnson PC, Spetzler RF, Hodak JA. Incidental subcortical le-
sions identified on magnetic resonance imaging in the elderly. II.
Postmortem pathological correlations. Stroke 1986 17:1090–1097.

Bagley C, Bolitho F, Bertrand L. Mental health profiles, suicidal be-
havior, and community sexual assault in 2112 Canadian adoles-
cents. Crisis 1995;16:126–31.

Bardone AM, Moffitt T, Caspi A, Dickson N. Adult mental health and
social outcomes of adolescent girls with depression and conduct
disorder. Dev Psychopathol 1996; 8:811–29.

Bardone AM, Moffitt TE, Caspi A, Dickson N, Stanton WR, Silva PA.
Adult physical health outcomes of adolescent girls with conduct
disorder, depression, and anxiety. J Am Acad Child Adolesc Psychi-
atry 1998; 37:594–601.

Barratt ES, Stanford MS, Dowdy, L, Liebman, MJ, Kent, TA. Impulsive
and premeditated aggression: a factor analysis of self-reported acts.
Psychiatry Res 1999; 86:163–173.

Bauer LO, Hesselbrock VM. Brain maturation and subtypes of conduct
disorder: interactive effects on p300 amplitude and topography in
make adolescents. J Am Acad Child Adolesc Psychiatry 2003;
42:106–15. 

Bear DM, and Fedio P. Quantitative analysis of interictal behavior in
temporal lobe epilepsy. Arch. Neural 34: 454–467.

Bennett KJ, Brown KS, Boyle M, Racine Y, Offord D. Does low reading
achievement at school entry cause conduct problems? Soc Sci Med
2003; 56:2443–8.

Blair RJR. Neurobiological basis of psychopathy. Brit J Psychiatry
2003; 182:5–7.

Blonigen DM, Carlson SR, Krueger RF, Patrick CJ. A twin study of self-
reported psychopathic personality traits. Pers Individ Diff 2003;
35:179–197.

Brennan PA, Gretkin ER, Mednick SA. Maternal smoking during preg-
nancy and adult male criminal outcomes. Arch Gen Psychiatry
1999; 56:215–9.

Brestan EV, Eyberg SM. Effective Psychosocial Treatments of Conduct-
Disordered Children and Adolescents: 29 Years, 82 Studies, and
5,272 Kids. J Clin Child Psychol 1998; 27:180–189.

Breteler MM, van Amerongen NM, van Swieten JC, Claus JJ, Grobbee
DE, can Gijn J, et al. Cognitive correlates of ventricular enlargement
and cerebral white matter lesions on magnetic resonance imaging.
The Rotterdam Study. Stroke 1994;25:1109–1115.

Breton JJ, Bergeron L, Valla JP, et al. Quebec child mental health sur-
vey: prevalence of DSM-III-R mental health disorders. J Child Psy-
chol Psychiatry 1999; 40:375–84.

Broche JP. Use of pimozide (ORAP) in child psychiatry. Acta Psychiatr
Belg 1980; 80:341–6.

Buitelaar JK, van der Gaag RJ, Cohen-Kettenis P, Melman CTM. A ran-
domized controlled trial of risperidone in the treatment of aggres-
sion in hospitalized adolescents with subaverage cognitive abilities.
J Clin Psychiatry 2001; 62:239–48.

Cadoret RJ, Yates WR, Troughton E, et al. Genetic-environmental in-
teraction in the genesis of aggressivity and conduct disorders. Arch
Gen Psychiatry 1995; 52:916–24.

Campbell M, Adams PB, Small AM, et al. Lithium in hospitalized ag-
gressive children with conduct disorder: a double-blind and
placebo-controlled study. J Am Acad Child Adolesc Psychiatry.
1995; 34:445–53.

Campbell M, Small AM, Green WH, et al. Behavioral efficacy of
haloperidol and lithium carbonate: a comparison in hospitalized

75191_ch12.qxd  9/23/05  21:41  Page 258

http://www.fda.gov/cder/drug/antidepressants/AntidepressanstPHA.htm
http://www.fda.gov/cder/drug/antidepressants/AntidepressanstPHA.htm


Chapter 12: Conduct Disorder and Sociopathy 259

aggressive children with conduct disorder. Arch Gen Psychiatry
1984; 41:650–6.

Castellanos FX, Elia J, Kruesi MJ, Gulotta CS, Mefford IN, Potter WZ,
Ritchie GF, and Rapoport JL. Cerebrospinal fluid monoamine
metabolites in boys with attention-deficit hyperactivity disorder.
Psychiatry Res 1994; 52:305–316.

Chilcoat HD, Breslau N. Pathways from ADHD to Early Drug Use.
1999; J Am Acad ChildAdolesc Psychiatry 1999; 38:1347–1354.

Cohen P, Cohen J, Kasen S, et al. An epidemiological study of disor-
ders in late childhood and adolescence, I: age and gender-specific
prevalence. J Child Psychol Psychiatry 1993; 34:851–67.

Comings DE, Gade-Andavolu R, Gonzales N et al. Comparison of the
role of dopamine, serotonin, and noradrenaline genes in ADHD,
ODD and conduct disorder: multivariate regression analysis of 20
genes. Clin Gene 2000a; 57:178–196.

Comings DE, Gade-Andavolu R, Gonzales N et al. Multivariate analy-
sis of associations of 42 genes in ADHD, ODD, and conduct disor-
der. Clin Gene 2000b; 58:31–40.

Compton WM, Cottler LB, Shillington AM, Price RK. Is antisocial per-
sonality disorder associated with increased HIV risk behaviors in
cocaine users? Drug Alcohol Depend 1995; 37:34–43.

Connor DF, Barkley RA, Davis HT. A pilot study of methylphenidate,
clonidine, or the combination in ADHD comorbid with aggressive
oppositional defiant or conduct disorder. Clin Pediatr 2000;
39:15–25.

Critchley HD, Simmons A, Daly EM, Russell A, van Amelsvoort T,
Robertson DM, Glover A, and Murphy DGM. Prefrontal and medial
temporal correlates of repetitive violence to self and others. Biol
Psychiatry 2000.

Cueva JE, Overall JE, Small AM, et al. Carbamazepine in aggressive
children with conduct disorder: a double-blind and placebo-con-
trolled study. J Am Acad Child Adolesc Psychiatry 1996; 35:
480–90.

Damasio H, Grabowski T, Frank R, Galaburda A, Damasio AR. The re-
turn of Phineas Gage: clues about the brain from a skull of a pa-
tient. Science 1994;264:1102–1105.

Dishion TJ, McCord J, Poulin F. When Interventions harm. Peer groups
and problem behavior. Am Psychol 1999; 54:755–64.

Dmitrieva TN, Oades RD, Hauffa BP, Eggers C. Dehydroepiandros-
terone sulphate and corticotropin levels are high in young male pa-
tients with conduct disorder: comparisons for growth factors, thy-
roid and gonadal hormones. Neuropsychobiology 2001;
43:134–40.

Dodge KA, and Coie JD. 1987: Social information processing factors in
reactive and proactive aggression in children’s peer groups. J Pers
Soc Psychol 1987; 53:1146–1158.

Dolan, M.  Psychopathy—A neurobiological perspective. Br J Psychia-
try 1994; 165:151–159.

Dolan MC, Anderson IM. The relationship between serotonergic func-
tion and the Psychopathy Checklist: Screening Verson. J Psy-
chopharmacol 2003; 17:216–22.

Donovan S, Stewart J, Nunes EV, et al. Divalproex treatment for youth
with explosive temper and mood lability: a double-blind, placebo-
controlled crossover design. Am J Psychiatry 2000; 157:818–20.

Donovan SJ, Susser ES, Nunes EV, et al. Divalproex treatment of dis-
ruptive adolescents: a report of 10 cases. J Clin Psychiatry 1997;
58:12–15.

Douglas JWB. The school progress of nervous and troublesome chil-
dren. Br J Psychiatry 1966; 112:1115–6.

Enserink, M. Searching for the mark of Cain. Science 2000;
289:575–579.

Ensminger ME, Kellam SG, Rubin BR. School and family origins of
delinquency: comparison by sex. In: van Dusen, K, Mednick, S, eds.
Prospective Studies of Crime and Delinquency. The Hague, Nether-
lands: Kluwer-Niehoff, 1983, pp. 73–97.

Epps P, Parnell R. Physique and temperament of women delinquents
compared with women undergraduates. Br J Med Psychol 1952;
25:249–55.

Ercan ES, Kutlu A, Cikoglu S, et al. Risperidone in children and ado-
lescents with conduct disorder: a single-center, open-label study.
Curr Ther Res 2003; 64:55–64.

Esser G, Schmidt MH, Woerner W. Epidemiology and course of psy-
chiatric disorders in schoolage children: results of a longitudinal
study. J Child Psychol Psychiatry 1990; 31:243–63.

Fabiani M, Gratton G, Coles MGH. Event-related brain potentials.
Methods, theory and application. In: Cacioppo JT, Tassinary LG
and Bernston GG, eds. Handbook of Psychophysiology. 2nd Ed.
Cambridge, UK: Cambridge University Press, 2000.

Farrington DP. Childhood aggression and adult violence: early pre-
cursors and later-life outcomes. In: Pepler DJ, Rubin KH, eds. The
Development and Treatment of Childhood Aggression. Hillsdale,
NJ: Lawrence Erlbaum, 1991, pp 189–197.

Farrington DP. Early predictors of adolescent aggression and adult vi-
olence. Violence Vict 1989; 4:79–100.

Feehan M, McGee R, Raja SN, Williams SM. DSM-III-R disorders in
New Zealand 18-year-olds. Aust N Z J Psychiatry 1994; 28:87–99.

Feldhusen JF, Aversano FM, Thurston JR. Prediction of youth contacts
with law enforcement agencies. Crim Justice Behav 1976; 2:235–53.

Fergusson DM and Lynskey MT. Early reading difficulties and later
conduct problems. J Child Psychol Psychiatry 1997; 38:899–907.

Fergusson DM, Horwood J, Lynskey MT. Maternal smoking before and
after pregnancy: effects on behavioral outcomes in middle child-
hood. Pediatrics 1993; 92:815–22.

Fergusson DM, Woodward LJ, Horwood J. Maternal smoking during
pregnancy and psychiatric adjustment in late adolescence. Arch
Gen Psychiatry 1998; 55:721–7.

Findling RL, McNamara NK, Braniky LA, et al. A double-blind pilot
study of risperidone in the treatment of conduct disorder. J Am
Acad Child Psychiatry 2000; 39:509–16.

Frick PJ, Cornell AH, Barry CT, Bodin SD, Dane HE. Callous-unemo-
tional traits and conduct problems in the prediction of conduct
proble severity, aggression, and self-report of delinquency. J Ab-
norm Child Psychol 2003; 31:457–70.

Furlow B, Gangestad SW, Armijo-Prewitt T. Developmental stability
and human violence. Proc R Soc of Lond B Biol Sci 1998; 265:1–6.

Gadow KC, Nolan EE, Sverd J, et al. Methylphenidate in aggressive-
hyperactive boys: I. Effects on peer aggression in public school
settings. J Am Acad Child Adolesc Psychiatry 1990; 29:710–718.

Galli V, McElroy SL, Soutullo CA, Kizer D, Raute N, Keck PE Jr, Mc-
Conville BJ. The psychiatric diagnoses of twenty-two adolescents
who have sexually molested other children.Compr Psychiatry
1999; 40(11):85–8.

Gangestad SW, Yeo RA. Parental handedness and relative hand skill: a
test of the developmental instability hypothesis. Neuropsychology
1994; 8:572–578.

Ghaziuddin N, Alessi N. An open clinical trial of trazodone in aggres-
sive children. J Child Adolesc Psychopharmacol. 1992; 2:291–8.

Ghodesian-Carpey, J, Baker LA. Genetic and environmental influences
on aggression in 4- to 7-year-old twins. Aggressive Beh 1987; 13:173.

Gill K, Nolimal D, Crowley TJ. Antisocial personality disorder, HIV
risk behavior and retention in methadone maintenance therapy.
Drug Alcohol Depend 30:247–252, 1992.

Glueck S, Glueck E. Physique and Delinquency. New York: Harper,
1956.

Greenhill LL, Solomon M, Pleak R, Ambrosini P. Molindone hy-
drochloride treatment of hospitalized children with conduct disor-
der. J Clin Psychiatry 1985; 46:20–25.

Groh C. The psychotropic effect of Tegretol in nonepileptic children,
with particular reference to the drug’s indications. In: Birkmayer W,
ed. Epileptic Seizures-Behavior-Pain. Bern, Switzerland: Hans Hu-
ber, 1976, pp 259–263.

Hare RD. Without conscience: The disturbing world of the psy-
chopaths among us. New York: Pocket Books 1993.

Hart SD, Hare RD. Psychopathy and antisocial personality disorder.
1996; Curr  Opin Psychiatry 9:129–132

Harpending HC, Sobus J. Sociopathy as an adaptation. Ethol Socio-
biol 1987; 8:63S–72S.

Henggeler SW, Rowland MD, Halliday-Boykins C, Sheidow AJ, Ward
DM, Randall J, Pickrel SG, Cunningham PB, & Edwards J. One-year
follow-up of multisystemic therapy as an alternative to the hospi-
talization of youths in psychiatric crisis. J Am Acad Child Adolesc
Psychiatry, 2003; 42, 543–551.

Henggeler SW, Schoenwald SK, Borduin CM, Rowland MD, Cunning-
ham PB. Multisystemic treatment of antisocial behavior in children
and adolescents. New York: The Guildford Press, 1998.

Hinshaw SP. Externalizing behaviour problems and academic under-
achievement in childhood and adolescence: causal relationships
and underlying mechanisms. Psychol Bull 1992; 111:127–155.

75191_ch12.qxd  10/3/05  19:11  Page 259



260 Section II: Neuropsychiatric Aspects of Psychiatric and Behavioral Disorders of Children and Adolescents

Hinshaw SP, Heller T, McHale JP. Covert antisocial behavior in boys
with attention-deficit hyperactivity disorder: external validation
and effects of methylphenidate. J Consult Clin Psychol 1992; 60:
274–81.

Huessmann LR, Eron LD. Cognitive processes and the persistence of
aggressive behavior. Aggressive Beh 1984; 10:243–51.

Hunt R, Minderaa R, Cohen D. The therapeutic effect of clonidine in
attention deficit disorder with hyperactivity: a comparison with
placebo and methylphenidate. Psychopharmacol Bull. 1986; 22:
229–36.

Ishikawa SS, Raine A, Lencz T, Bihrle S, LaCasse L. Increased height
and bulk in antisocial personality disorder and its subtypes. Psy-
chiatry Res 2001; 105:211–19.

Jaffee SR, Caspi A, Moffitt TE, Taylor A. Physical maltreatment victim
to antisocial child: evidence of an environmentally mediated pro-
cess. J Abnorm Psychol 2004;113:44–55.

Jaselskis C, Cook E, Fletcher K, et al. Clonidine treatment of hyperac-
tive and impulsive children with autistic disorder. J Clin Psy-
chopharmacol 1992; 12:322–7.

Kaplan SL, Busner J, Kupietz S, et al. Effects of methylphenidate on
adolescents with aggressive conduct disorder and ADHD: a
preliminary report. J Am Acad Child Adolesc Psychiatry. 1990;
29:719–23.

Keenan K, Wakschlag LS. Can a valid diagnosis of disruptive behavior
disorder be made in preschool children? Am J Psychiatry 2002;
159:351–358.

Kemph J, DeVane C, Levin G, et al. Treatment of aggressive children
with clonidine: results of an open pilot study. J Am Acad Child
Adolesc Psychiatry 1993; 33:35–44.

Kessler RC, Berglund PA, Foster CL, Saunders WB, Stang PE, Walters
EE. Social consequences of psychiatric disorders, II: Teenage par-
enthood. Am J Psychiatry 1997;154:1405–11.

Kiehl, KA, Smith AM, Hare RD, Mendrek A, Forster BB, Brink J, Liddle
PF. Limbic abnormalities in affective processing by criminal psy-
chopaths as revealed by functional magnetic resonance imaging.
Biol Psychiatry 2001; 50: 677–684.

Klein RG, Abikoff H, Klass E, et al. Clinical efficacy of methylphenidate
in conduct disorder with and without attention deficit hyperactiv-
ity disorder. Arch Gen Psychiatry 1997; 54:1073–80.

Kolko DJ, Bukstein OG, Barron J. Methylphenidate and behavior mod-
ification in children with ADHD and comorbid ODD or CD: main
and incremental effects across settings. J Am Acad Child Adolesc
Psychiatry 1999; 38:578–86.

Kovacs M, Krol RSM, Voti L. Early onset psychopathology and the risk
for teenage pregnancy among clinically referred girls. J Am Acad
Child Adolesc Psychiatry 1994; 33:106–113.

Krueger RF, Moffitt TE, Caspi A, Bleske A,  Silva PA. Assortative mating
for antisocial behavior: developmental and methodological impli-
cations.: Behav Genet 1998;28:173–86.

Kruesi MJP, Swedo SE, Leonard HL, et al. CSF somatostatin in child-
hood psychiatric disorders: a preliminary investigation. Psychiatry
Res 1990; 33:277–84.

Kruesi, MJP, Rapoport, JL, Hamburger, S, Hibbs, E, Potter, WZ,
Lenane, M, and Brown, GL. Cerebrospinal fluid monoamine
metabolites, aggression, and impulsivity in disruptive behavior dis-
orders of children and adolescents. Arch. Gen. Psychiatry 1990;
47:419–426.

Kruesi MJP, Hibbs ED, Zahn TP, Keysor CS, Hamburger SD, Bartko JJ,
and Rapoport JL. A 2-year prospective follow-up study of children
and adolescents with disruptive behavior disorders: prediction by
cerebrospinal fluid 5-hydroxyindoleacetic acid, homovanillic acid,
and autonomic measures. Arch. Gen. Psychiatry 1992; 49:429–
435.

Kruesi MJP, Jacobsen T. Serontonin and human violence: do environ-
mental mediators exist? In: Raine A, Farrington D, Brennan P, Med-
nick SA, eds. Biosocial Bases of Violence. New York: Plenum, 1997,
pp 189–205.

Kruesi MJP, Keller S, Wagner MW. Neurobiology of aggression. In:
Martin A, Scahill L, Charney DS, Leckman JF, eds. Pediatric Psy-
chopharmacology: Principles and Practice. New York: Oxford Uni-
versity Press, 2003, pp 210–223.

Kruesi MJP, Casanova MF, Mannheim G, Johnson-Bilder A. Reduced
temporal volume in early onset conduct disorder. Psychiatry Re-
search: Neuroimaging, 2004.

Kruesi MJP and Lelio DF. Disorders of conduct and behavior. In:
Weiner J, ed. Diagnosis and Psychopharmacology of Childhood
and Adolescent Disorders. 2nd Ed. New York: John Wiley and Sons,
1996, pp 401–447.

Kruesi MJP, Hibbs ED, Hamburger SD, Rapoport JL, Keysor CS, Elia
J. Measurement of Aggression in Children with Disruptive Behav-
ior Disorders. Journal of Offender Rehabilitation 1994; 21:
159–172.

Kruesi MJP and Schowalter IE. Conduct Disorder and Evolutionary Bi-
ology. In: Jensen A, Knapp P, Mrazek D, eds. Beyond DSM-IV. New
York, Guilford Publications (in press).

Kruesi MJP. Psychopharmacology of Violence. In: Waldman I, Flan-
nery DJ, Vazsony A, eds. Cambridge Handbook of Violent Behav-
ior. Cambridge. (in press).

Laasko MP, Vaurio O, Koivisto E, Savolainen L, Eronen M, Aronen H,
Hakola, Repo, E, Soininen H, Tiihonen. Psychopathy and the
posterior hippocampus. Behav Brain Res 2001; 118: 187–193.

Lahey BB, Loeber R, Burke J, Rathouz PJ, McBurnett K. Waxing and
waning in concert: dynamic comorbidity of conduct disorder with
other disruptive and emotional problems over 7 years among
clinic-referred boys. J Abnorm Psychol 2002; 111:556–567.

Lahey BB, Miller TL, Gordon RA, Riley AW. Developmental epidemi-
ology of the disruptive behavior disorders. In: Quay HC, Hogan A,
eds. Handbook of the Disruptive Behavior Disorders. New York:
Plenum, 1999, pp 23–48.

Lalumiere ML, Harris GT, Rice ME. Psychopathy and developmental
instability. Evol Hum Behav 2001; 22:75–92.

LaPierre D, Braun CMJ, and Hodgins S. Ventral front deficits in psy-
chopathy: neuropsychological test findings. Neuropsychologia
1995; 131:39–151.

Lester D. The concentration of neurotransmitter metabolites in the
cerebrospinal fluid of suicidal individuals: a meta-analysis. Phar-
macopsychiatry 1995; 28:45–50.

Lewinsohn PM, Hops M, Robert RE, Seeley JR, Andrews JA. Adolescent
psychopathology, I: prevalence and incidence of depression and
other DSM-III-R disorders in high school students. J Abnorm Psy-
chol 1993; 102:133–44.

Liu RSN, Lemieux L, Shorvon SD, Sisodiya SM, Duncan JS. Association
between brain size and abstinence from alcohol. Lancet 2000;
355:1969–1970.

Loeber R. Antisocial behavior: more enduring than changeable? J Am
Acad Child Adolesc Psychiatry 1991; 30:393–7.

Loney J, Kramer J, Milich RS. The hyperactive child grows up: predic-
tors of symptoms, delinquency and achievement at follow-up. In:
Gadow KD, Loney J, eds. Psychosocial Aspects of Drug Treatment
for Hyperactivity (AAAS Selected Symposium, vol 44). Boulder,
CO: Westview, 1981, pp 381–416.

Lyons MJ, True WR, Elsen SA, et al. Differential heritability of adult and
juvenile antisocial traits. Arch Gen Psychiatry 1995; 52:906–915.

Lyoo IK, Lee HK, Jung JH, Noam GG, Renshaw PF. White Matter Hy-
perintensities on Magnetic Resonance Imaging of the Brain in
Children With Psychiatric Disorders. Compr Psychiatry 2002;
43:361–368.

MacMillan J, Kofoed L. Sociobiology and Antisocial Personality Disor-
der. J Nerv Ment Dis 1984; 172:701–706.

Malone RP, Delaney MA, Luebbert JF, et al. A double-blind placebo-
controlled study of lithium in hospitalized aggressive children and
adolescents with conduct disorder. Arch Gen Psychiatry 2000;
57:649–54.

Manfred HM, Grotevant HD, Dunbar N, et al. Connecting national
survey data with DSM-IV criteria. J Adolesc Health 2002;
31:475–81.

Manning JT, Wood D. Fluctuating asymmetry and aggression in boys.
Human Nature 1998; 9:53–65.

Manuck SB, Flory JD, Ferrell RE, Dent KM, Mann JJ, Muldoon MF.
Aggression and anger-related traits associated with polymorphism
of the tryptophan hydroxylase gene. Biol Psychiatry 1999;
45:603–14.

Mattes JA. Comparative effectiveness of carbamazepine and propra-
nolol for rage outbursts. J Neuropsychiatry Clin Neurosci 1990;
2:159–64.

Maughan B, Pickles A, Hagell A, Rutter M, Yule W. Reading problems
and antisocial behaviour: developmental trends in comorbidity.
J Child Psychol Psychiatry 1996; 37:405–418.

75191_ch12.qxd  10/3/05  19:11  Page 260



Chapter 12: Conduct Disorder and Sociopathy 261

Maughan B, Taylor C, Taylor A. Pregnancy smoking and childhood
conduct problems: a causal association? J Child Psychol Psychiatry
2001; 42:1021–1028.

McBurnett K, Lahey BB, Rathouz PJ, Loeber R. Low salivary cortisol
and persistent aggression in boys referred for disruptive behavior.
Arch Gen Psychiatry 2000; Jan 57:38–43.

McGee R, Feehan H, Williams S, et al. DSM-III disorders from 
age 11 to age 15. J Am Acad Child Adolesc Psychiatry 1992;
31:50–59.

Mealey L. The sociobiology of psychopathy: an integrated evolution-
ary model. Behav Brain Sci 1995; 18:523–599.

Meyer-Bahlburg HF, Dolezal CL, Wasserman GA, Jaramillo BM. Pre-
pubertal boys’ sexual behavior and behavior problems. AIDS Educ
Prev 1999; 11:174–86.

Moffitt TE. Adolescence-limited and life-course persisent antisocial
behavior: a developmental taxonomy. Psychol Rev 1993;100:
674–701.

Moore TM, Scarpa A, Raine A. A Meta-Analysis of Serontonin Metabo-
lite 5-HIAA and Antisocial Behavior. Aggressive Beh 2002;
28:299–316.

Moran P. The epidemiology of antisocial personality disorder. Soc Psy-
chiatry Psychiat Epidemiol 1999; 34:231–242.

Morgan AB, Lilienfield SO. A meta-analytic review of the relation be-
tween antisocial behavior and neuropsychological measures of ex-
ecutive functions. Clin Psychol Rev 2000; 20:113–136.

Morris HH, Escoll PJ, Wexler MSW. Aggressive behavior disorders in
children: a follow-up study. Am J Psychiatry 1956; 112:991–7.

Muller JL, Sommer M, Wagner V, Lange K, Taschler H, Roder CH,
Schuierer G, Klein HE, Hajak G. Abnormalities in emotion pro-
cessing within cortical and subcortical regions in criminal psy-
chopaths. Biol Psychiatry 2003; 54:152–162.

Neiderhiser JM, Reiss D, Hetherington EM, Plomin R. Relationships
between parenting and adolescent adjustment over time: genetic
and environmental contributions. Dev Psychol 1999; 35: 680–92.

Neugebauer R, Hoek HW, Susser E. Prenatal exposure to wartime
famine and development of antisocial personality disorder in early
adulthood. JAMA 1999; 282:455–62.

Noble EP, Ozkaragoz TZ, Ritchie TL, Zhang X, Belin TR, Sparkes RS. D2
and D4 dopamine receptor polymorphisms and personality. Am J
Med Geneti (Neuropsychiatr Genet) 1998; 81:257–67.

Nolan EE, Gadow KD, Sprafkin J. Teacher reports of DSM-IV ADHD,
ODD, and CD symptoms in schoolchildren. J Am Acad Child Ado-
lesc Psychiatry 2001; 40:241–9.

Offord DR, Boyle MH, Szatmari P, et al. Ontario Child Health Study,
II: six-month prevalence of disorder and rates of service utilization.
Arch Gen Psychiatry 1987; 44:832–6.

Offord DR, Bennett KJ. Conduct disorder: long-term outcomes and in-
tervention effectiveness. J Am Acad Child Adolesc Psychiatry 1994;
33:1069–77.

Offord DR, Boyle MH, Racine YA, et al. Outcome, prognosis and risk
in a longitudinal follow-up study. J Am Acad Child Adolesc Psychi-
atry 1992; 31:916–23.

Olweus S. Stability of aggressive reaction patterns in males: a review.
Psychol Bull 1979; 36:852–75.

Ono Y, Manki H, Yoshimura K, Muramatsu T, Mizushima H, Higuchi
S, Yagi G, Kanba S, Asai M. Association between dopamine D4 re-
ceptor (D4DR) exon III polymorphism and novelty seeking in
Japanese subjects. Am J Med Genet (Neuropsychiatr Genet). 1997;
74:501–3.

Orlebeke JF, Knol DL, Verhulst FC. Increase in child behavior prob-
lems resulting from maternal smoking during pregnancy. Arch
Environ Health 1997; 52:317–21.

Ortiz J, Raine A. Heart rate level and antisocial behavior in children
and adolescents: a meta-analysis. J Am Acad Child Adolesc Psychi-
atry 2004; 43:154–162.

Pajer K, Gardner W, Rubin RT, Perel J, Neal S. Decreased cortisol lev-
els in adolescent girls with conduct disorder. Arch Gen Psychiatry
2001; 58:297–302.

Pappadopulos E, Macintyre Ii JC, Crismon ML, Findling RL, Malone
RP, Derivan A, Schooler N, Sikich L, Greenhill L, Schur SB, Felton
CJ, Kranzler H, Rube DM, Sverd J, Finnerty M, Ketner S, Siennick SE,
Jensen PS. Treatment recommendations for the use of antipsy-
chotics for aggressive youth (TRAAY). Part II. J Am Acad Child Ado-
lesc Psychiatry 2003; 42:145–61.

Patterson GR, Gullion ME. Living with children: new methods for par-
ents and teachers. Champaign, IL: Research Press, 1968.

Patterson GR, DeBaryshe BD, Ramsey E. A developmental perspective
on antisocial behavior. Am Psychol 1989; 44:329–35.

Pfeffer CR, Plutchik R, Mizruchi MS. Predictors of assaultiveness in la-
tency age children. Am J Psychiatry 1983; 140:31–35.

Pine DS, Cohen P, Brook J, Coplan JD. Psychiatric symptoms in ado-
lescence as predictors of obesity in early adulthood: a longitudinal
study. Am J Public Health 1997; 87:1303–1310.

Puente R. The use of carbamazepine in the treatment of behavioral dis-
orders in children. In: Birkmayer W, ed. Epileptic Seizures-Behav-
ior-Pain. Bern, Switzerland: Hans Huber, 1976, pp 244-247.

Puri BK, El-Dosoky A, Cheema S, Lekh SK, et al. Parietal scalp 
hair whorl patterns in schizophrenia. Biol Psychiatry 1995;
37:278–9.

Quay HC. Classification. In: Quay HC and Werry JC, eds. Psy-
chopathological Disorders of Childhood. 2nd Ed. New York: John
Wiley and Sons, 1979.

Raine A, Reynolds C, Venables PH, Mednick SA, Farrington DP. Fear-
lessness, stimulation-seeking, and large body size at age 3 years as
early predispositions to childhood aggression at age 11 years. Arch
Gen Psychiatry 1998; 55:745–51.

Raine A, Brennan M, Mednick SA. Birth complications with early ma-
ternal rejection at age 1 year predispose to violent crime at age 18
years. Arch Gen Psychiatry 1994; 51:984–8.

Raine A, Mellingen K, Liu J, et al. Effects of environmental enrichment
at ages 3–5 years on schizotypal personality and antisocial behav-
ior at ages 17 and 23 years. Am J Psychiatry 2003; 160:1627–1635.

Raine A, Lencz T, Taylor K, Hellige JB, Bihrle S, Lacasse L, Lee M,
Ishikawa S, Colletti P. Corpus Callosum Abnormalities in Psy-
chopathic Antisocial Individuals. Arch Gen Psychiatry 2003;
60:1134–1142.

Raine A, Lencz T, Bihrle S, LaCasse L, and Colletti P. Reduced prefrontal
gray matter volume and reduced autonomic activity in antisocial
personality disorder. Arch Gen Psychiatry 2000; 57: 119–127.

Raine A, Meloy JR, Bihrl, S, Stoddard J, LaCasse L, Buchsbaum MS.
Reduced prefrontal and increased subcortical brain functioning as-
sessed using positron emission tomography in predatory and affec-
tive murderers. Beh Sci and the Law 1998; 16:319–332.

Raine A, Ishikawa SS, Arce E, Lencz T, Knuth T, Knuth KH, Bihrle S, La-
Casse L, Colletti P. Hippocampal Structural Asymmetry in Unsuc-
cessful Psychopaths. Biol Psychiatry 2004; 55:185–1191

Ramrakha S, Caspi A, Dickson N, Moffitt TE, Paul C. Psychiatric disor-
ders and risky sexual behaviour in young adulthood: cross sectional
study in birth cohort. BMJ 2000; 321:263–6.

Rantakallio P, Laara E, Isohanni M, Moilanen I. Maternal smoking
during pregnancy and delinquency of offspring: an association
without causation? Int J Epidemiol 1992; 21:1106–13.

Reiss D, Hetherington EM, Plomin R, et al. Genetic questions for en-
vironmental studies: differential parenting and psychopathology in
adolescence. Arc Gen Psychiatry 1995; 52:925–936.

Riddle M, King R, Hardin M, et al. Behavioral side effects with fluoxe-
tine in children and adolescents. J Child Adolesc Psychopharmacol
1990/1991; 4:31–41.

Rifkin A, Karajgi B, Dicker R, et al. Lithium treatment of conduct dis-
orders in adolescents. Am J Psychiatry 1997; 154:554–5.

Riggs PD, Mikulich SK, Coffman LM, Crowley TJ. Fluoxetine in drug-
dependent delinquents with major depression: an open trial. J
Child Adolesc Psychopharmacol 1997; 7:87–95.

Riggs PD, Hall SK, Mikulich-Gilbertson SK, Lohman M, Kayser A.
A randomized controlled trial of pemoline for attention-deficit/
hyperactivity disorder in substance-abusing adolescents. J Am Acad
Child Adolesc Psychiatry 2004;43:420–429.

Robins LN. Deviant Children Grown Up. Baltimore, MD: William and
Wilkins, 1966.

Robins LN. Sturdy childhood predictors of adult antisocial behavior:
replications from longitudinal studies. Psychol Med 1978;
8:611–22.

Robins LN, Tipp J, McEvoy L. Antisocial personality. In: Robins LN,
Regier D, eds. Psychiatric Disorders in America. New York: Free
Press, 1991, pp. 258–290.

Roff JD, Wirt RD. Childhood aggression and social adjustment as
antecedents of delinquency. J Abnorm Child Psychol 1984; 12:
111–126.

75191_ch12.qxd  10/3/05  19:11  Page 261



262 Section II: Neuropsychiatric Aspects of Psychiatric and Behavioral Disorders of Children and Adolescents

disorder: Findings from the Great Smoky Mountains Study. J Child
Psychol Psychiatry 2002; 40:365–373.

Rubinow DR, and Schmidt PJ. Androgens, brain and behavior. Am J
Psychiatry 1996; 153:974–984.

Rutter M, Cox A, Tupling C, et al. Attainment and adjustiment in two
geographical areas, I: prevalence of psychiatric disorder. Br J Psy-
chiatry 1975; 126:493–509.

Rutter M, Tizard J, Whitmore K. Education, Health and Behavior. Lon-
don: Longmans, 1970.

Rutter M. Pathways from childhood to adult life. J Child Psychol Psy-
chiatry. 1989; 30:23–51.

Rutter M, Giller H, Hagell A. Antisocial Behavior by Young People.
Cambridge, UK: Cambridge University Press, 1998.

Scarpa A, and Raine A. Psychophysiology of anger and violent be-
havior. Psychiatr Clin North Am 1997; 20:375–394.

Schur SB, Sikich L, Findling R, Malone RP, Crismon ML, Derivan A,
Macintyre JC, Pappadopulos E, Greenhill L, Schooler N, Van Orden
K, Jensen PS. Treatment Recommendations for the Use of Antipsy-
chotics for Aggressive Youth (TRAAY). J Am Acad Child Adoles Psy-
chiatry 2003; 42:132–144.

Sheldon WH. Varieties of Delinquent Youth: An Introduction to
Constitutional Psychiatry. New York: Harper, 1949.

Silberg JL, Parr T, Neale MC, et al. Maternal smoking during pregnancy
and risk to boys’ conduct disturbance: an examination of the causal
hypothesis. Biol Psychiatry 2003; 53:130–135.

Simonoff E, Pickles A, Meyer J, Silberg J, Maes H. Genetic and envi-
ronmental influences on subtypes of conduct disorder behavior in
boys. J Abnorm Child Psychol 1998; 26:495–509.

Slutske WE, Heath AC, Dinwiddie SH, Madden PA, Bucholz KK,
Dunne MP, Statham DJ, Martin NG. Modeling genetic and envi-
ronmental influences in the etiology of conduct disorder: a study of
2682 adult twin pairs. J Abnorm Psychol. 1997; 106:266–79.

Snyder R, Turgay A, Aman M, et al. Effects of risperidone on conduct
and disruptive behavior disorders in children with subaverage IQs.
J Am Acad Child Adolesc Psychiatry 2002; 41:1026–36.

Soderstrom H, Rastam M, Gillberg C. A clinical case series of six
extremely aggressive youths treated with olanzapine. Eur Child
Adolesc Psychiatry 2002; 11:138–41.

Soderstrom H, Hultin L, Tullberg M, Wikkelso, C, Ekholm Forsman A.
Reduced frontotemporal perfusion in psychopathic personality.
Psychiatry Research Neuroimaging 114; 2002:81–94.

Soderstrom H, Blennow K, Manhem A, Forsman A. CSF studies in vi-
olent offenders I. 5-HIAA as a negataive and HVA as a positive pre-
dictor of psychopathy. J Neural Transm 2001; 108:869–878.

Soloff PH, Lynch KG, Moss HB. Serotonin, impulsivity, and alcohol
use disorders in the older adolescent: a psychobiological study.
Alcohol Clin Exp Res 2000; 24:1609–19.

Stanger C, McConaughy SH, Achenbach TM. Three-year course of be-
havioral/emotional problems in a national sample of 4- to 16-year-
olds, II: predictors of syndromes. J Am Acad Child Adolesc Psychi-
atry 1992; 31:941–50.

Stattin H, Magnusson D. The role of early aggressive behavior in the
frequency, seriousness, and types of later crime. J Consult Clin Psy-
chol 1989; 57:710–8.

Steiner H, Petersen ML, Saxena K, et al. Divalproex sodium for the
treatment of conduct disorder: a randomized controlled clinical
trial. J Clin Psychiatry 2003; 64:1183–91.

Stoff DM, Pasatiempo AP, Yeung J, Cooper TB, Bridger WH, and Rabi-
novich H. (1992) Neuroendocrine responses to challenge with 
dl-fenfluramine and aggression in disruptive behavior disorders of
children and adolescents. Psychiatry Res 43:263–276.

Takeuchi Y, Houpt K. Behavior genetics. Vet Clin Small Anim 2003;
33:345–63.

Taylor J, Loney BR, Bobadilla L, Iacono WG, McGue M. Genetic and
Environmental Influences on Psychopathy Trait Dimensions in a
Community Sample of Mail Twins. J of Abnormal Psychiatry. 2003;
31:633–645.

Tolan PH, Henry D. Patterns of psychopathology among urban-poor
children: comorbidity and aggression effects. J Consult Clin Psy-
chol 1996; 64:1094–9.

Tremblay RE, Schaal B, Boulerice B, et al. Testosterone, physical ag-
gression, dominance, and physical development in early adoles-
cence. Int J Behav Dev 1998; 22:753–777.

United States Food and Drug Administration Web site “www.fda.gov”.
van den Oord EJCG, Boomsma DI, and Verhulst, FC. A study of prob-

lem behaviors in 10- to 15-year-old biologically related and unre-
lated international adoptees. Behav Genet 1994; 24:193–205.

Van Goozen SHM, Matthys W, Cohen-Kettenis PT, Thijssen JHH, van
Engeland H. Society of Biological Psychiatry 1998:156–158.

Veit, R, Flor H, Erb M, Hermann C, Lotze M, Grodd W, Birbaumer N.
Brain circuits involved in emotional learning in antisocial behavior
and social phobia in humans. Neuroscience Letter 2002;
328:233–236.

Velez CN, Johnson J, Cohen P. A longitudinal analysis of selected risk
factors for childhood psychopathology. J Am Acad Child Adolesc
Psychiatry 1989; 28:861–4.

Vitiello B, Behar D, Hunt J, Stoff D, Ricciuti A. Subtyping Aggression in
children and adolescents. J Neuropsychiatry Clin Neurosci 1990;
2:189–192.

Volavka J. Electroencephalogram among criminals. In: Mednick SA,
Moffit EE, Stack SA, eds. Causes of Crime. Cambridge, UK: Cam-
bridge University Press, 1987.

Wakschlag LS, Lahey BB, Loeber R, et al. Maternal smoking during
pregnancy and the risk of conduct disorder in boys. Arch Gen Psy-
chiatry 1997; 54:670–76.

Webster-Stratton C. Randomized trial of two parent-training program
for families with conduct-disordered children. J Consult Clin Psy-
chol 1984; 51:666–678.

Weissman MM, Warner V, Wickramaratne PJ, Kandel DB. Maternal
smoking during pregnancy and psychopathology in offspring fol-
lowed to adulthood. J Am Acad Child Adolesc Psychiatry 1999;
38:892–899.

Williams GM, O’Callaghan M, Najman JM, et al. Maternal cigarette
smoking and child psychiatric morbidity: a longitudinal study. Pe-
diatrics 1998; 102:E111–E118.

Woermann FG, van Elst LT, Koepp MJ, Free SL, Thompson PJ,
Trimble MR, Duncan JS. Reduction of frontal neocortical grey mat-
ter associated with affective aggression in patients with temporal
lobe epilepsy: an objective voxel by voxel analysis of automatically
segmented MRI. J Neurol Neurosurg Psychiatry 2000; 68:162–9.

Wong MTH, Lumsden J, Fenton GW, and Fenwick PBC. Electroen-
cephalography, computer tomography and violence rating of male
patients in a maximum-security mental hospital. Acta Psychiatr
Scand 1994; 90:97–101.

Zahn TP, Kruesi MJP: Autonomic Activity in Boys with Disruptive Be-
havior Disorders. Psychophysiology 1993; 30:605–14.

Zoccolillo M, Rogers K. Characteristics and outcome of hospitalized
adolescent girls with conduct disorder. J Am Acad Child Adolesc
Psychiatry 1991; 30:973–81.

Zubieta J, Alessi N. Acute and chronic administration of trazodone in
the treatment of disruptive behavior disorders in children. J Clin
Psychopharmacol 1992; 12:346–51.

75191_ch12.qxd  9/23/05  21:41  Page 262

http://www.fda.gov%E2%80%9D


Pediatric mood disorders include depressive disorders 
(major depression and dysthymia) and bipolar disorders
(bipolar I and II disorder, and cyclothymia). These are
prevalent disorders in children and adolescents which
cause significant morbidity and mortality. The course of ill-
ness for children and adolescents with mood disorders is
generally chronic and most will continue to have mood
disorders into adulthood. In this chapter, we examine
mood disorders in the pediatric population from a neu-
ropsychiatric perspective. In this context, we emphasize the
use of established criteria for diagnosis and the neurobiol-
ogy of these disorders. Specifically, we (1) discuss the diag-
nosis, epidemiology, and course of mood disorders; (2) re-
view the neurobiology of mood disorders; and (3) describe
how pediatric mood disorders are treated. These areas are
examined as they relate to children and adolescents with
mood disorders, with reference to adult information where
relevant.

DIAGNOSIS

The diagnosis of a mood disorder in a child or adolescent
requires careful and systematic interviewing of the child,
the parent, or the guardian. Other sources of information
about the child (e.g., school personnel) are often useful as
well. A number of instruments are available for assessing
mood disorders in children and adolescents. Structured
and semistructured interviews are used to elicit symptoms
and to establish whether a child meets certain diagnostic
criteria. Items from the diagnostic interviews have also

been used as clinical-severity measures (the Kiddie Sched-
ule for Affective Disorders and Schizophrenia [K-SADS].
Diagnostic interviews vary in the degree of clinical experi-
ence required for their administration, whether or not they
are computerized, and which mood disorders they target.
These instruments are not restricted to research applica-
tions; the availability of computerized interviews can assist
clinicians in ascertaining that all diagnostic domains are
covered. Structured psychiatric interviews require continual
modifications as diagnostic criteria change. Clinician-rated
and self-report measures of clinical symptom severity can
be a useful addition to ongoing clinical management, even
though the unreliability of self-report measures in pediatric
and adolescent populations is well documented. Self-
report measures have been used to screen large popula-
tions. Kandel and Davies (1986) reported on 1,004 adoles-
cents identified as having depressive symptoms on a self-
report scale. When followed to adulthood, subjects with
depressive symptoms showed a poorer outcome compared
with those without depressive symptoms, a finding that
supports the partial validity of these measures.

Depressive disorders are generally characterized as either
major depressive disorder or dysthymic disorder. Major de-
pressive disorder (MDD) and dysthymic disorder differ with
regard to the prominent and persistent nature of the mood
disturbance or pervasive anhedonia and the number and in-
tensity of associated symptoms. Dysthymic disorder is long-
standing (greater than 1 year’s duration), with depressive
moods and feelings and variable vegetative symptoms that
fluctuate with no prolonged stable (well) states. Patients
with dysthymic disorder have a significantly elevated risk of
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experiencing a superimposed major depressive episode. Cri-
teria for MDD are the same in children and adolescents as
in adulthood, except that youth may present with irritable
mood, even in the absence of depressed mood. The presen-
tation or dysthymia is consistent across the life span, but
may be present for only 1 year in youth, rather than the re-
quired 2 years for adults. Age-related and gender-related dif-
ferences in depressive symptom presentation are difficult to
detect, if they do indeed exist. Eliciting symptoms from chil-
dren and adolescents is somewhat difficult, particularly in
younger children, as they are often not cognitively devel-
oped enough to express their experiences. Kovacs (1996)
suggested children might have less hypersomnia, more ap-
petite and weight changes, and delusions as compared to
adolescents. Luby et al. (2003) concluded that depressed
preschool children show less “masked” symptoms (e.g.,
sleep problems, appetite changes) and more typical symp-
toms (e.g., anhedonia, sadness/irritability).

Many children and adolescents are labeled “bipolar”
without careful consideration of the diagnostic complexities
and subtypes of this disorder. The symptoms of bipolarity in
children and adolescents can be difficult to establish because
of the variability of symptom expression depending on the
context and phase of the illness, the effects of development
upon symptom expression, and the mood and behavioral ef-
fects of the various psychotropic medications that the patient
is taking. Children and adolescents with a bipolar disoder
(BPD) often present with a mixed or “dysphoric” picture
characterized by frequent short periods of intense mood lia-
bility and irritability rather than classic euphoric mania.
Clinicians who evaluate children with pediatric bipolar dis-
orders often try to fit them into the DSM-IV “rapid cycling”
subtype and find that this subtype does not fit bipolar chil-
dren well, as these children often do not have clear episodes
of mania. Rather, researchers are reporting that bipolar chil-
dren cycle far more frequently than four episodes per year. In
81% of a well-defined group of patients, continuous daily
cycling from mania or hypomania to euthymia or depres-
sion was reported. Findling et al. (2001) reported that in a
sample of 90 bipolar I subjects with a mean age of 10.8 years
that the age of the first manic episode was 6.7 years with 50%
of these patients categorized as “rapid cycling.” The picture
that emerges from several independent research groups is
that prepubertal bipolar children typically have multiple
daily mood swings and that irritability is much more com-
mon than euphoria.

There are also a number of medications and medical
disorders that may exacerbate or mimic bipolar symptoms,
and it is important to assess these potential confounds be-
fore initiating treatment. Potential medical disorders and
medications that should be evaluated before making the
diagnosis of a pediatric BPD are listed in Table 13.1.

A complete evaluation of children and adolescents with
a mood disorder should include a detailed family history of
psychiatric illnesses that includes first-degree, second-

degree, and third-degree relatives. The offspring of adults
with affective illness show a high rate of depression and
bipolar disorder. Conversely, the first-degree and second-
degree relatives of children with major depressive disorder
have a high aggregation of depression, alcoholism, anxiety,
and other psychiatric diagnoses. It has been noted that chil-
dren and adolescents with a mood disorder have a family
history of mood disorders in 50 to 60% of cases, depend-
ing on which criteria are used (i.e., treated versus untreated,
definite versus possible) and whether first-degree or sec-
ond-degree relatives are evaluated.

In summary, as advised by the American Academy of
Child and Adolescent Psychiatry (AACAP), a complete
evaluation for a mood disorder is essential in developing
an appropriate treatment plan. The assessment involves
systematic interviewing of the child and the parent(s) inde-
pendently to ascertain the presence (or absence) of specific
symptoms of depressive and other psychiatric disorders.
Family history, course of illness, number of episodes, pres-
ence of comorbid diagnoses, and psychosocial stressors
may impact outcome, and need to be carefully evaluated to
adequately diagnose and treat this population.

COMORBIDITY

The most common comorbid diagnoses in children with
major depression are anxiety disorders (30 to 80%), 
disruptive disorders (10 to 80%), and substance use 
disorders (20 to 30%).
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TABLE 13.1
MEDICAL CONDITIONS THAT MAY MIMIC
MANIA IN CHILDREN AND ADOLESCENTS

Hyperthyroidism
Temporal lobe epilepsy
Closed or open head injury
Multiple sclerosis
Systemic lupus erythematosus (SLE)
Wilson’s disease

Medications That May Increase Mood Cycling in
Children and Adolescents

Antidepressants

Tricyclic antidepressants
Serotonin-specific reuptake inhibitors
Serotonin and norepinephrine reuptake inhibitors

Oral or IV Corticosteroids

Aminophylline
Sympathomimetic amines (e.g., pseudoephedrine)
Antibiotics (e.g., clarithromycin, erythromycin, and amoxicillin)
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Anxiety disorders commonly co-occur in children with
major depression (41%) and typically persist even after the
depressive episode remits. Furthermore, the presence of so-
cial anxiety disorder in adolescence predicts major depres-
sion in young adulthood. Half of children diagnosed with
dysthymic disorder have a co-occurring disorder. Anxiety
disorders are commonly comorbid in children and adoles-
cents with dysthymic disorder, especially separation anxi-
ety disorder in children (33%) and generalized anxiety 
disorder in adolescents (67%). Conduct disorder (30%),
attention deficit hyperactivity disorder (ADHD) (24%),
and enuresis or encopresis (15%) are also commonly pre-
sent in children with dysthymic disorder.

The most common comorbid diagnosis among bipolar
youth is ADHD. Despite the high co-occurrence of juvenile
mania and ADHD that has been reported in several studies,
the relationship between these disorders remains unclear.
Several studies have determined that ADHD is more com-
mon in prepubertal onset bipolar disorder than in adoles-
cent onset bipolar disorder.

Another disorder that is frequently comorbid in chil-
dren with bipolar disorder is conduct disorder. Kovacs and
Pollock (1995) found a 69% rate of conduct disorder
among 26 bipolar children and adolescents. Several studies
report that conduct disorder in youth with bipolar disorder
predicts a worse clinical course. Moreover, adolescents with
bipolar disorder are five times more likely to develop a sub-
stance use disorder than those without bipolar disorder.
Children and adolescents with pervasive developmental
disorders may be at increased risk for developing mania.

EPIDEMIOLOGY OF MOOD DISORDERS

The prevalence of depressive disorders in children and ado-
lescents ranges from 0.4 to 8.3% and is greater in adoles-
cents than in children. Dysthymic disorder is reported in 0.6
to 8.0% of children and adolescents. This prevalence com-
pares with that in adults, in whom the 12-month prevalence
of major depressive disorder is reported to be 10.3% � 0.8%
(12.9 � 0.8% in women and 7.7 � 0.8% in men). This find-
ing also highlights the gender differences in prevalence;
whereas major depressive disorder in children appears to
occur at about the same rate in girls and boys, the approxi-
mately 2:1 adult female:male ratio becomes evident in ado-
lescents. Of particular relevance to children and adolescents
is the suggestion of a secular trend in the onset of depressive
disorders, which has been reported in both referred and
nonreferred samples of children and adolescents. Ryan et al.
(1992b) reported on siblings of prepubertal depressed and
normal children and demonstrated that affective disorders
are more frequent in siblings born more recently. Similarly,
in a psychiatric referred depressed school-age sample, Ko-
vacs and Gatsonis (1994) noted that the successive birth co-
horts were younger when they first developed MDD. Thus,

the rate of depression in youth is likely increasing, and pa-
tients are presenting more frequently for treatment for these
disorders.

In a large and well-designed population study of the in-
cidence of mood disorders in adolescents, Lewinsohn et al.
(1995) reported an overall lifetime prevalence of 1% for
bipolar spectrum disorders which included bipolar I disor-
der, bipolar II disorder and cyclothymia. In this study, the
largest groups of adolescent subjects were what Lewinsohn
et al. (1995) called the “core-positive” group. These ado-
lescent subjects reported a distinct period of elevated, 
expensive or irritable mood and best fit the DSM-IV criteria
of bipolar disorder, not otherwise specified (NOS). These
subjects had an overall prevalence of 5.7% and accounted
for 84% of Lewinsohn’s bipolar sample. These bipolar NOS
subjects also had high rates of psychosocial impairment
and mental health service utilization like the bipolar type I
subjects.

Wozniak et al. (1995) reported that of 262 consecutively
referred children to a specialty pediatric psychopharmacol-
ogy clinic, 16% met DSM-III-R criteria for mania. Isaac
(1992) reported that eight out of 12 students in a special
education class met DSM-IIIR criteria for a bipolar disor-
der. In more specialized psychiatric settings like a pediatric
psychopharmacology clinic, the occurrence of pediatric
bipolar disorder is expected to be much greater than that
found in the general population.

E. COURSE/NATURAL HISTORY

The developmental course of mood disorders suggests that
there is a continuum of pathology from childhood to
adults. Similar to adults with depressive disorder, de-
pressed children and adolescents often have a chronic
course. Most studies report the average length of a major
depressive episode in children and adolescents is 7 to 9
months. In a study of 42 child outpatients with MDD, Ko-
vacs et al. (1984) found that 59% had recovered (asymp-
tomatic for 2 months) by 1 year, 92% had recovered by 18
months. Strober et al. (1993) found that 81% of 58 ado-
lescent inpatients with MDD had recovered by 1 year and
98% by 2 years from the time of admission, with the aver-
age time to recovery of 27.5 weeks from admission. They
also reported that 28% of those with psychotic depression
developed mania over the 2-year follow-up period. Simi-
larly, McCauley et al. (1993) found that 80% of predomi-
nately outpatient children with major depression had 
recovered by 1 year.

While most children and adolescents recover from the
depressive episode, recurrence is common, possibly even
more so than in adult depression. Recurrence (i.e., a new
episode of depression) has been reported in 54 to 72% of
depressed children and adolescents followed for 3 to 8
years, with similar rates seen in inpatients and outpatients.
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Poznanski et al. (1976) report that 50% of a sample of 
depressed adolescent outpatients were depressed when
contacted 6.5 years later. Eastgate and Gilmour (1984) con-
tacted 19 of 36 child inpatients with depression 7 to 8 years
after their episode and reported that 42% were psychiatri-
cally ill, 21% with major depression. These rates are based
on naturalistic follow-up studies, which do not take into
account whether or not patients are on medication at the
time of the recurrence or the length of time on medication
prior to the recurrence. One study of relapse prevention in
children and adolescents demonstrated that continued
treatment with fluoxetine reduced relapse rates and delayed
time to relapse over placebo. Factors contributing to recur-
rence of depression include comorbidity, severity of 
depression, hopelessness, low self-esteem, family dysfunc-
tion, stressful life events, and suicidality at baseline. In a
longitudinal study investigating recurrence of MDD during
adulthood (19 to 23 years of age) in formerly treated de-
pressed adolescents, Lewinsohn et al. (2001) found that re-
currence was predicted by multiple episodes of depression,
family history of recurrence of major depression, border-
line personality disorder symptoms, and increased conflict
with parents (for females only).

Early onset depression often continues into adulthood
for most (70%) children and adolescents. Kandel and
Davies (1986) described poor adult outcomes in a large
sample of adolescents (n � 1,004) identified as having de-
pressive symptoms using a self-report scale. Similarly, in a
retrospective, longterm follow-up study of 80 depressed
and 80 nondepressed outpatient adolescents, Harrington et
al. (1990) reported that depressed adolescents were more
likely than nondepressed adolescents to have depression in
adulthood; however, they noted that most adult depres-
sions are not preceded by adolescent depression. Weissman
et al. (1980) studied 73 patients with adolescent onset 
depression into adulthood and found that while 37% sur-
vived without an episode of major depression in adult-
hood, there was substantial increased risk of suicide and
adult major depressive disorder in adulthood than those
without adolescent major depressive disorder.

Although there are few investigations of the outcome of
childhood onset dysthymic disorder, children with dys-
thymic disorder are more likely to develop depressive 
disorders and recurrent affective illnesses. Moreover, co-
occurring externalizing disorders predict worse outcome in
children with dysthymia. Mean episode length is typically
4 years and children with dysthymia usually develop their
first episode of major depression within 2 to 3 years after
the onset of dysthymic disorder.

The outcome of bipolar disorder in children and adoles-
cents has received little study. McGlashen (1979) inter-
viewed 62 adult patients who met DSM-III criteria for mania
and divided them into two groups: 35 with adolescent onset
mania and 31 with adult onset mania. He reported that 
the adolescent-onset group had more hospitalizations, 

displayed more psychotic symptoms, and were more 
frequently misdiagnosed as having schizoaffective disorder
than the adult-onset group. Surprisingly, the adolescent-
onset group had outcomes superior to those of the adult-
onset group in terms of social relationships and their ability
to work. In contrast, Geller et al. (2004) reported diagnostic
stability in 93 prepubescent and early adolescent subjects. At
4-year follow-up, 86 of the patients were assessed and rate of
recovery was 87%. However, rate of relapse after recovery
was 64%. In these studies recovery was defined as no mania
or hypomania for at least 2 weeks and relapse was defined as
having full DSM-IV criteria for mania or hypomania and a
Childhood Global Assessment Scale score of less than or
equal to 60 for at least 2 weeks.

NEUROBIOLOGY OF MOOD DISORDERS

There are several excellent reviews of the neurobiology of
mood disorders, but the majority of this information is
from adult studies as there have been relatively few investi-
gations of the neurobiology of childhood and adolescent
mood disorders. Biologic studies in children are difficult to
implement since they often require several blood draws,
subjects remaining still more long periods of time, and the
overall cooperation of the children and adolescents.

Neurotransmitter and Neuroendocrine
Studies

Studies of neurotransmitters in depressed adults have fo-
cused on norepinephrine, serotonin, and acetylcholine.
Serotonin (5-hydroxytryptamine) regulation has also
been studied in adults with depression. Ryan et al.
(1992a) reported that in response to L-5-hydroxytrypto-
phan (5-HT) in 37 prepubertal depressed children se-
creted less cortisol and more prolactin than age-matched
and gender-matched normal controls, suggesting a dys-
regulation of central serotonergic systems in childhood
depression. Abnormalities of the hypothalamic-pituitary
adrenal (HPA) axis, the hypothalamic pituitary-thyroid
(HPT) axis, and the hypothalamic pituitary-growth hor-
mone (HPGH) axis have been reported in depression in
adults. However, cortisol hypersecretion, as measured by
repeated samples over a 24-hour period or by nocturnal
sampling, has not been identified in depressed children
and adolescents although depressed adolescents showed a
cortisol elevation at the approximate time of sleep onset.
In one study (Rao et al., 1996) there was a trend toward
elevated cortisol levels near sleep onset in adolescents
with a course of recurrent depression as compared to
those with no further episodes of major depression. De-
Bellis et al. (1996) found that prepubertal depressed
children had lower cortisol levels during the first 4 hours
of sleep than healthy controls.
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Birmaher et al. (1996) found no significant difference
between prepubertal children with major depression and
normal controls in baseline or postcorticotropin releasing
hormone (CRH) stimulation values of cortisol or adreno-
corticotropin releasing hormone (ACTH). PostCRH ACTH
may be increased in depressed children who have been
abused as compared to depressed children who have no
history of abuse. Nonsuppression of cortisol by dexam-
ethasone has been found in many studies in depressed
children and adolescents.

Molecular Genetic Studies

There have been few molecular genetic studies of children
with mood disorders, despite the fact that familial risk stud-
ies have suggested that early-onset major depression may be
a more familial form of the illness than adult onset major
depression. Two molecular genetic studies in children with
bipolar disorders by Geller et al. (1999) have been reported.
In the first study of a sample of bipolar children, the sero-
tonin transporter linked promoter region (HTTLPR) short
and long alleles were studied and the transmission disequi-
librium test was negative in the children with bipolar disor-
der. The second study examined the linkage disequilibrium
of catechol-O-methyltransferase (l-COMT) in bipolar chil-
dren and transmission and the disequilibrium tests were not
significant for preferential transmission of l-COMT in this
sample. The brain-derived neurotrophic factor (BDNF) be-
longs to a family of so-called neurotrophic factors, which
were suggested to play an important role in modulating
neuronal development, growth, survival, and synaptic plas-
ticity of a broad variety of CNS neurons—processes nowa-
days believed to play important role in the neuropathogen-
esis of mood disorders. The BDNF gene was first reported to
be localized on the short arm of chromosome 11 (11p13)
and was later mapped at the boundary of 11p13 and 11p14.
Findings of some linkage and association studies, including
the studies of two samples from the NIMH Genetics Initia-
tive bipolar pedigrees, provide evidence that the BDNF gene
is located in a locus where other genes, contributing to the
pathophysiology of BPD are located (11p13-p15). Two
family-based association studies provided evidence that
one or more sequence variants within or near the brain-
derived neurotrophic factor (BDNF) gene show an associa-
tion with susceptibility to BPD in adults. Geller et al. (2004)
reported preferential transmission of the Val66 allele in 53
children with bipolar disorder indicating possible involve-
ment of BDNF in prepubetal BPD.

It is still early in our knowledge about the molecular
genetics of psychiatric disorders, and it is likely that mul-
tiple genes are involved that interact with each other and
are expressed differentially during development. It is un-
likely that a single genetic locus will be identified that
causes either depressive or bipolar disorders in children or
adolescents.

NEUROIMAGING STUDIES

Major Depressive Disorders

There have been few structural neuroimaging studies of chil-
dren and adolescents with MDD. Steingard et al. (1996) ret-
rospectively evaluated the magnetic resonance imaging
(MRI) scans of children with MDD or dysthymia (n � 65)
and found that frontal lobe volume was decreased and lat-
eral ventricular volume was increased as compared to hos-
pitalized psychiatric controls (n � 18). No group difference
was found in total cerebral volume. In contrast, in a more
recent study, the same authors reported whole brain vol-
umes were significantly smaller in depressed adolescents
compared with the healthy comparison subjects. Addition-
ally, in the latter study they found significantly smaller
frontal white matter volumes and significantly larger frontal
gray matter volumes in the depressed adolescents after con-
trolling for age and whole brain volume. These results are
similar to findings from MRI studies of adults with MDD
that suggest prefrontal abnormalities. Similarly, in another
study, Nolan et al. (2002) reported patients with nonfamil-
ial MDD had larger left-sided prefrontal cortical volumes
than patents with familial MDD and controls. Moreover, in
a positron-emission tomography (PET) study of familial
bipolar and MDD depressed subjects, Drevets et al. (1997)
reported decreased activity and grey matter volume in the
subgenual prefrontal cortex, indicating that nature of pre-
frontal abnormalities may be different depending on the
presence of family history of affective illness. Together,
these studies suggest the importance of considering family
history in neuroimaging studies. Additionally, other studies
have reported structural abnormalities in the subgenual 
prefrontal cortex in young women with adolescent onset
MDD, suggesting that this prefrontal region may be partic-
ularly important in the neurophysiology of early onset and
familial MDD.

In general, structural MRI studies of adults with MDD
have found decreased subcortical volumes. There have
been relatively few morphometric investigations that have
examined structures other than the frontal cortex in MDD
youth. In one study, MDD adolescents had 25% increased
pituitary gland volumes, suggesting pediatric MDD may in-
volve neuroendocrine dysfunction. Frodl et al. (2002)
found enlarged amygdala volumes compared to patients
with recurrent MDD and healthy controls, suggesting this
finding may be a marker for MDD early in illness course.
Indeed, increased amygdala: hippocampal volume ratios
that were associated with severity of anxiety and not de-
pression were observed in pediatric MDD patients prior to
treatment as compared to healthy controls. This study
suggests the importance of considering comorbid illnesses
in imaging studies of pediatric patients with affective disor-
ders. Similarly, the presence of prior suicide attempts has
been associated with increased number of white matter 
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hyperintensities (WMH) in MDD youth. However, the
temporal relationship between suicide attempts and WMH
remains unclear.

To our knowledge, there have been four published
functional neuroimaging studies in children or adoles-
cents with MDD. Kowatch et al. (1999) used technetium-
99m hexamethylpropylene amine oxime (99mTc-HM-
PAO) single photon emission tomography (SPECT) to
compare relative rCBF between unmedicated MDD ado-
lescents (n � 7) and healthy controls (n � 7) and 
described relative increases in rCBF in the mesial, right 
superior-anterior and left infero-lateral temporal lobe and
decreases in the left parietal lobe, anterior thalamus, and
right caudate in MDD adolescents. These findings suggest
that adolescents with MDD exhibit rCBF abnormalities
similar to those found in adults with MDD with involve-
ment of the limbic-thalamic-cortical circuit and portions
of the basal ganglia.

In another 99mTc-HMPAO SPECT study, evaluating 
untreated MDD adolescents (n � 14) and age-matched
normal controls (n � 11), Tutus et al. (1998) calculated a
relative perfusion index (PI) as the ratio of regional cortical
activity to the whole brain activity and reported significant
reduced PI in the left anterior frontal and left temporal cor-
tical regions of untreated MDD adolescents. SPECT scans
repeated after MDD adolescents were treated and their de-
pression remitted demonstrated a return toward normal.
This study suggests that adolescents with MDD may have
state-dependent regional cerebral blood flow deficits in
frontal and temporal regions and right-left perfusion asym-
metry compared with normal subjects, similar to results in
studies of MDD adults.

In a more recent study, Dahlstrom et al. (2000) used
SPECT to study serotonin and dopamine transporter lev-
els in drug-naive children and adolescents with MDD 
(n � 31) and children and adolescents without depres-
sion (n � 10). They found significantly higher serotonin
transporter availability in MDD children in the hypotha-
lamic/midbrain region, suggesting that abnormalities 
in serotonin might play a role in the physiology of pedi-
atric MDD. In a small study using functional magnetic 
resonance imaging (fMRI), children with anxiety disorders
showed an exaggerated amygdala response to fearful faces
compared with healthy children, whereas depressed 
children showed a blunted amygdala response to these
faces. In addition, the magnitude of the amygdala’s signal
change between fearful and neutral faces was positively
correlated with the severity of everyday anxiety symptoms,
suggesting that amygdala dysfunction is present in youth
with anxiety disorders and those with MDD, although 
the nature of the dysfunction may differ between 
disorders.

There have been several MRS studies of MDD youth. 
Reduced anterior cingulate glutamine/glutamate/GABA
concentrations associated with severity of functional 
impairment was reported in one study of MDD youth.

MRS studies of adults with MDD also suggest reduced an-
terior cingulate Glx peaks. Another study reported in-
creased levels of orbitofrontal choline in depressed ado-
lescents, suggesting abnormalities in cell membrane
metabolism may underlie the neurophysiology of MDD
in youth. Similarly, Farchione et al. (2002) demonstrated
elevated choline in the left dorsolateral prefrontal cortex
(DLPFC) of MDD youth. Increased thalamic choline spe-
cific to youth with obsessive-compulsive disorder (OCD)
and not MDD youth or healthy controls was reported by
Smith et al. (2003), suggesting that this finding may be
useful as a diagnostically specific biological marker for pe-
diatric OCD.

Bipolar Disorders

Structural magnetic resonance imaging (MRI) studies of
adults with bipolar disorder have revealed several abnor-
malities including decreased prefrontal cortex volumes,
increases in the volume of the amygdala and putamen,
and atrophy of the V3 vermal area and larger lateral
ventricles. Additionally, increased white matter hyperin-
tensities are commonly identified in adults with bipolar
disorder, although their significance is unknown. Struc-
tural MRI studies of children and adolescents with bipolar
disorder have also revealed several neuroanatomical ab-
normalities, including an increased incidence of subcorti-
cal white matter hyperintensities, reduced intracranial
volumes, increased frontal and temporal sulcal size, re-
duced thalamic area, reduced amygdala volumes, and
increased putamen volumes.

The results of SPECT and PET studies of bipolar adults
suggest rCBF abnormalities in both the frontal and tem-
poral cortex. In general, investigators report increased
rCBF in patients during mania and decreased rCBF during
depression in adults with bipolar disorder. However,
many of the SPECT and PET studies failed to report
whether subjects and healthy comparison groups were di-
agnosed using standardized diagnostic interviews as well
as the effects of confounding variables, such as medica-
tions. To our knowledge, there have been no published
SPECT or PET studies in children or adolescents with
bipolar disorder.

fMRI is a noninvasive imaging technique that does not
involve exposure to ionizing radiation and has the advan-
tage of better spatial and temporal resolution than PET or
SPECT. The ability to recognize unique identities and 
forms of affect in human faces is an essential component
of human social behavior, and the use of neurobehavioral
probes, such as human facial affect recognition, with fMRI
allows greater sensitivity and specificity in identifying the
neural systems involved in mood disorders. There have
been several fMRI studies in children where faces were
used as neurobehavioral probes, and the Ekman facial
recognition paradigm with the Ekman face set is most 
often used. Thomas et al. (2001) studied a group of 
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12 normal children with a mean age of 11 years with
fMRI. In this experiment, the subjects passively viewed
fearful and neutral Ekman faces. They reported predomi-
nantly increased left amygdala and substantia innominata
brain activation during the presentation of nonmasked
fearful faces relative to fixation and a decrease in activa-
tion in these regions with repeated exposure to the faces.
In a similar fMRI study with the Ekman faces, Thomas et
al. (2001) studied 12 children with generalized anxiety or
panic disorder, 12 healthy controls, and five girls with
major depressive disorder. In this experiment, children
with anxiety disorders showed an exaggerated amygdala
response to fearful faces compared with healthy children,
whereas depressed children showed a blunted amygdala
response to these faces.

There are few published fMRI studies in patients with
bipolar disorder. Yergelun-Todd et al. (2000) found in-
creased left amygdala and decreased dorsolateral prefrontal
cortex activation in adults with bipolar disorder as com-
pared to normal controls using the Ekman fearful and
happy faces as visual stimuli. However, the differences ob-
served may have been due to group differences in perfor-
mance since all of the normal controls and only 10 of 14
(71%) bipolar patients were able to correctly identify the
fearful Ekman faces. Blumberg et al. (2003a) evaluated 
regional brain activation in adults and adolescents with
bipolar disorder using a Stroop task. They reported dorsal
anterior cingulate and prefrontal cortical activation in con-
trols and bipolar adults. Right ventral prefrontal activation
was decreased in the manic bipolar adults, and left ventral
prefrontal cortical activation was increased in depressed
bipolar adults compared with euthymic bipolar adults.
Rostral left ventral prefrontal cortical activation was de-
creased in bipolar adults as compared to the healthy con-
trols, independent of mood state, suggesting that adults
with bipolar disorder exhibit a trait abnormality in left ven-
tral prefrontal cortex and that additional ventral prefrontal
abnormalities may be associated with specific acute mood
states. In a similar fMRI study, adolescents with bipolar dis-
order demonstrated an increase in activation in left puta-
men and thalamus compared with healthy adolescents. Age
was positively correlated with signal increases in the bilat-
eral rostroventral prefrontal cortex and the striatum in the
healthy adolescents but not in the bipolar adolescents, sug-
gesting that a developmental disturbance in prefrontal
function may emerge in bipolar disorder over the course of
adolescence.

Magnetic resonance spectroscopy (MRS) is a noninva-
sive neuroimaging technique that provides in vivo infor-
mation regarding the concentration of specific biochemi-
cals in localized brain regions. A benefit of MRS is that no
ionizing radiation is used, thereby allowing serial studies to
be performed on a subject. Typical isotopes evaluated with
MRS include hydrogen or proton (1H), lithium (7Li), car-
bon (13C), fluorine (19F), sodium (23Na), and phosphorus
(31P). Most of the studies of neurochemical changes in 

patients with bipolar disorder have used 1H spectroscopy.
There have been several studies of bipolar patients using
magnetic resonance spectroscopy (MRS).

In general, 1H studies of adults with bipolar disorder
report abnormalities in choline concentrations in the
basal ganglia, suggesting abnormal cell membrane phos-
pholipids metabolism. Additionally, decreased N-acetyl
aspartate (NAA) has been reported in the dorsolateral pre-
frontal cortex (DLPFC), prefrontal gray matter, hip-
pocampus, and lenticular nuclei of adults with bipolar
disorder, suggesting neuronal loss or dysfunction or mi-
tochondrial dysfunction may be present in these brain re-
gions. In contrast, increased NAA has been reported in the
thalamus of male adults with bipolar disorder, suggesting
neuronal hypertrophy or hyperplasia or abnormal synap-
tic or dendritic pruning is present in this brain region. De-
creased NAA is also found in the cerebellar vermis and
DLPFC and of bipolar children with familial bipolar dis-
order, indicating that neuronal dysfunction or loss in
these brain regions occurs early in the course of illness.
Castillo et al. (2000) found increased prefrontal and
temporal Glx concentrations in children with bipolar dis-
order, suggesting that in addition to structural abnormal-
ities, neurochemical dysfunction may be present in these
brain regions. The Glx resonance is composed of gluta-
mate, glutamine, and GABA, and elevated Glx may be a
sign of neurotoxicity.

MRS can also be useful to identify the neurochemical
effects and predictors of response to medications com-
monly used to treat bipolar disorder. The myo-inositol
(mI) peak is of particular interest when evaluating the 
effects of lithium. The phosphainositide cycle is a major
second messenger system by which lithium is thought to
exert its therapeutic role in bipolar disorder. Lithium in-
hibits myo-inositol monophosphatase, thereby increasing
inositol monophosphate (I-1-P) levels and decreasing
myo-inositol levels in the brain. Lithium, by depleting
myo-inositol, may slow down the phosphoinositide cycle
in overactive synapses of bipolar patients. To evaluate the
in vivo effects of lithium on brain myo-inositol, Moore et
al. (2002) used 1H MRS to assess mI levels in depressed
bipolar patients at baseline prior to receiving any medica-
tions, after 5 to 7 days of acute lithium treatment, and fol-
lowing 3 to 4 weeks of lithium treatment. A significant de-
crease in right frontal mI was observed as early as 5 to 7
weeks following lithium treatment. Since the reduction
was detected prior to the onset of observed clinical im-
provement, the authors concluded that decreased mI may
be an early marker for a more downstream second mes-
senger mechanism by which lithium may exert its mood
stabilization effects. In a similar study in bipolar youth,
Davanzo et al. (2001) used 1H MRS to examine the ante-
rior cingulate of 11 children and adolescents with bipolar
disorder and 11 healthy adolescents and reported an ele-
vation in myo-inositol/Cr in patients. Additionally, the 
authors report a significant reduction in mI following
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acute lithium treatment in lithium responders, suggesting
a reduction in mI may also be an early marker of lithium
response in bipolar youth. However, this study is limited
by most of the patients receiving concomitant medica-
tions. Future MRS studies evaluating the effects of lithium
monotherapy, as well as the effects of other medications
commonly used to treat bipolar disorder may facilitate
targeted treatment intervention by identifying neurochemi-
cal predictors of treatment response.

In summary, neuroimaging studies of MDD youth sug-
gest structural, function and neurochemical deficits in pre-
frontal regions. Additionally, abnormalities in amygdala
structure and function have been observed, but seem to be
associated with anxiety in MDD youth. Future studies 
examining other brain regions, including the striatum, are
necessary.

MOOD DISORDERS DUE TO GENERAL
MEDICAL CONDITIONS

DSM-IV defines a mood disorder due to a general medical
condition as a prominent and persistent disturbance of
mood (depressed mood; markedly diminished interest or
pleasure; or elevated, expansive, or irritable mood) that is
judged to be due to the direct physiological effects of a gen-
eral medical condition. Implicit in this definition is the as-
sumption that treating the medical condition would result
in elimination of the mood symptoms. Several general
questions arise with regard to secondary mood disorders in
the context of medical illness. First, are all mood symptoms
and disabilities a consequence of the medical problem?
Second, are there symptoms of both a primary mood dis-
order and a medical condition? Third, is the primary mood
disorder causing increased morbidity in a known medical
disorder? For example, in chronic infectious mononucleo-
sis or chronic fatigue syndrome with depressive symptoms,
is the disability a consequence of the infection, or does a
primary mood disorder interact with the infection to cause
a more protracted course?

Thyroid disease and infectious mononucleosis with an
indolent course are commonly associated with mood dis-
orders, and whether to routinely screen for these common
or other rare disorders in children with mood disturbance
remains a clinical decision based on history and physical
examination. Laboratory testing rarely identifies occult
medical disorders that are not evident from history and ex-
amination in child psychiatric populations. In this context,
no routine laboratory evaluation studies are indicated. In
children and adolescents presenting with mood disorders,
features suggestive of an occult medical cause include atyp-
ical presentation of mood symptoms and poor or idiosyn-
cratic responses to psychiatric treatment. In adults, the
most frequent secondary causes of mania are corticosteroid
use, human immunodeficiency virus (HIV) infection, and
temporal lobe epilepsy.

SUBSTANCE-INDUCED MOOD
DISORDERS

Substance Abuse/Dependence

Mood disorders can occur in association with acute 
intoxication with alcohol, amphetamines, cocaine, hallu-
cinogens, inhalants, or other drugs of abuse. Also, mood
symptoms can be associated with withdrawal from such
drugs. Again, as with medical conditions, the assumption
is that the substance is etiologically related to the mood
symptoms. Mood symptoms in substance-abusing adoles-
cents present significant clinical and diagnostic chal-
lenges. Although both primary and secondary mood 
disorders are common in substance-abusing patients, clin-
ical treatment must initially focus on abstinence from
continuing substance abuse, as evaluation and appropri-
ate treatment of the primary mood disorder (if it is 
present) cannot take place while an individual is actively
abusing substances.

Mood Disorders Associated with 
Neurological Conditions

Studies have identified a high rate of psychiatric disorders
in children and adolescents with various neurological con-
ditions. The neurological disorders most commonly associ-
ated with psychiatric symptoms are brain injuries, epilepsy,
migraine headaches, and learning disabilities.

Brain Injury
Although emotional and behavioral symptoms often asso-
ciated with psychiatric disorders are frequently observed af-
ter brain injury, such symptoms are usually interpreted as
either a direct effect of the injury or a normative reaction to
the injury. Several groups have found increased rates of 
psychiatric disorders including depressive disorders in 
children following a head injury.

Epilepsy
The association between epilepsy and depression has re-
ceived extensive study. Suicide has been reported to occur
at a higher rate in patients with epilepsy than in those with-
out epilepsy. Rutter et al. (1976), in the Isle of Wight study,
found psychiatric disturbance in 58% of the 8-year-old to
10-year-old children with epilepsy. In adults with epilepsy,
depression is common but mania appears to be rare. The
association between epilepsy and depression is important
for several reasons. First, in some patients with epilepsy, co-
morbid depression is associated with poor seizure control.
One study has suggested that treatment with fluoxetine can
reduce seizure frequency in patients with resistant epilepsy.
Ojemann et al. (1987) also reported that seizure control
and general functioning were improved when psychotropic
medications were added to the subjects’ anticonvulsant
regimens. Second, an unrecognized depression can lead to
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increased morbidity that often is wrongly attributed to the
epilepsy. Third, some medications for epilepsy can cause 
a worsening of mood. Children and adolescents with
epilepsy who continue to function poorly despite having
adequate seizure control should be examined for mood
disorders.

Migraine
One of the first criteria for identifying depression in pre-
pubertal children was suggested from a study of children
manifesting severe headache. Of the 25 children present-
ing with headache, 4 of 16 (25%) with migraine headaches
were depressed and 6 of 9 (64%) with nonmigraine
headaches were depressed. Some of these children mani-
fested classic migraine. Couch and Hassanein (1979) 
subsequently demonstrated that TCAs were efficacious
in preventing migraine headaches in adults, regardless
of the presence of depression. This finding raises the
question of whether a common etiological mechanism
may be operating in migraine and depression. Clinically,
children and adolescents with frequent, incapacitating
headaches (migraine or nonmigraine) often manifest de-
pression. Treatment of the depression resolves both the
frequent headaches and the depression. Commonly used
medications for the prevention of migraine include beta-
adrenergic blockers and periactin; these agents do not
benefit depression.

Learning Disabilities
The relationship between learning disabilities and affective
disorders is a complex one. Children doing poorly in
school often present with both learning disability symp-
toms and emotional/behavioral problems. It is an over-
simplification to say either that the learning disability leads
to the emotional problems or that the emotional problems
are the only cause of the school failure. Initially it is help-
ful to assess both dimensions separately rather than as-
suming causation from an association. Affective disorder is
the comorbid condition most commonly seen with learn-
ing disability.

The prevalence of mood disorders is higher in learning-
disabled than in nonlearning disabled populations. The
reasons for this difference in prevalence are not clear. It is
possible that learning disabilities and the difficulties they
cause induce mood disorders in susceptible individuals.
Also, chronic mood disorders can, over time, interfere with
school adaptation. There is evidence that neuropsycholog-
ical deficits may accompany altered mood states, which in
the developing individual could lead to delays in learning.
However, for clinicians the association between learning
disabilities and mood disorders is a familiar one, because a
learning-disabled child with a mood disorder is more likely
to be referred for evaluation than one without a comorbid
affective illness.

TREATMENT

General Management

The treatment of children and adolescents with mood dis-
orders is ideally multimodal. Family, school, and social en-
vironments are affected by these disorders and in turn may
play a role in precipitating episodes of illness. Children,
parents, and schools must all participate in treatment. The
primary aim of treatment is to shorten the mood disorder
episode, to prevent recurrence, and to decrease the negative
consequences of depressive or manic episodes.

Education about mood disorders is essential for parents
and affected children. Such information decreases self-
blame and the tendency to blame others. It is common for
schools to blame parents and parents to blame schools for
a child’s deteriorating behavior, and this can lead to inap-
propriate solutions to the problem, such as changing
schools. Parents need to know that mood disorders repre-
sent biological conditions and not personality flaws. 
Coping with a mood disorder is a daily struggle. Specific
therapies can be beneficial as an adjunct to management.
Treatment should be individualized and based on need, 
resources, and assessment of stressors involved in a partic-
ular case.

In addition to eliciting the family’s participation in man-
aging the individual’s symptoms, a family assessment is
conducted to evaluate the premorbid level of family func-
tioning, the parents’ marital relationship, the impact of the
mood disorder on the family, the family’s understanding of
the disorder, and their attempts to manage it. The family
should assist in developing a treatment plan, including the
identification of problem areas for change. Studies have
found that at the time of treatment, 30 to 50% of depressed
adolescents have a parent who is affectively ill. Thus, ap-
propriate identification of parents who need treatment is
important in the management of these patients.

As previously mentioned, the school setting is extremely
important in the treatment process. Often, treatment in-
cludes adapting the patient’s school setting in order to re-
duce stress. This strategy could take the form of shortening
the school day; limiting the amount of schoolwork 
assigned, developing assignment-completion checklists, 
or arranging a more structured classroom setting; or using
bypass compensatory strategies such as computers, calcula-
tors, and books on tape. For learning-disabled children, a
continual focus on deficits can lead to worsening mood
symptoms. Developing a positive school environment is
essential for these children.

Many children with mood disorders have interpersonal
problems resulting from social deficits. These deficits com-
pound the depression and often contribute to feelings of
worthlessness, hopelessness, and alienation. It is important
for therapists, parents, and teachers to clarify reality 
for these patients. Group-therapy approaches that help
build skills through role play, problem-solving techniques,
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communication and assertiveness training, and strategies
for self-control and conflict resolution can be effective.

Psychotherapy of Depressive Disorders

Several studies indicated that specific psychotherapies are
effective treatments for depression in adolescent popula-
tions. The most extensive research has been with cognitive-
behavior group therapy, individual cognitive behavioral
therapy and interpersonal psychotherapy (IPT) in adoles-
cent populations. Individual psychotherapy for depression
has been strongly influenced by earlier work in adults that
primarily focused on cognitive therapy and interpersonal
therapy. Modifications of these therapies for adolescents
have been found to be effective and have resulted in the 
development of treatment manuals.

Cognitive behavioral therapy (CBT) is the most com-
monly used specific psychotherapy for children and ado-
lescents with depression, and the most widely studied. As
with adult populations, it is generally time limited and fo-
cused on identifying thought patterns and behaviors that
contribute to the child’s depression. Behavioral activation
and problem-solving strategies are emphasized, as well as
skill development. Several studies have demonstrated the
effectiveness of child and adolescent CBT. For example, 
a study by Brent et al. (1997) compared CBT, systematic-
behavioral family therapy (SBFT), and individual nondi-
rective supportive therapy (NST) and found rates of 
remission to be 60%, 37%, and 39%, respectively. A meta-
analysis of six controlled CBT studies in depressed adoles-
cents yielded a reasonably robust overall posttreatment 
effect size of 1.02, whereas the overall effect size at 5 weeks
to 3 months posttreatment was 0.61. Group CBT for ado-
lescents has also been found to be effective with a response
rate of 66.7% of subjects assigned to a CBT group, com-
pared to only 48.1% of the waitlist controls.

Interpersonal therapy (IPT) is based on the premise that
depressive illness operates in an interpersonal context. In
particular, this treatment focuses on the resolution of four
possible problem areas, including grief, interpersonal role
disputes, role transitions, and interpersonal deficits. Thus,
the goal of IPT when treating depression is to understand
current relationships and renegotiate interpersonal prob-
lems occurring at the onset of depressive symptoms. IPT
has demonstrated some effectiveness in the treatment of
depressive symptoms in adolescents. In a controlled,
single-blind study of clinical-referred depressed adoles-
cents, IPT was found to be more effective than clinical
monitoring for depressive symptom reduction and social
functioning improvement. Similarly, in a 12-week open
study of IPT for 25 moderately to severely depressed ado-
lescents, 84% meet criteria for remission by the end of the
treatment. In addition, IPT has also been show to be effec-
tive in Puerto Rican populations.

Another potential treatment for severe depression, 
particularly in patients with a history of suicide attempts, is

dialectical behavior therapy (DBT). DBT was originally de-
veloped for adult chronically parasuicidal women diagnosed
with borderline personality disorder (BPD) and was found
to significantly reduce anger, suicide attempts, parasuicidal
acts, and the number of inpatient psychiatric days. DBT has
also been shown to improve social adjustment, treatment
compliance, and dropout rates. The efficacy of DBT was re-
ported in an open study of 27 14-year-old to 19-year-old sui-
cidal adolescents diagnosed with BPD or borderline features.
Improvement was reported in areas of confusion about self,
impulsivity, emotional instability, and interpersonal prob-
lems. The most helpful DBT skills were identified as mind-
fulness and distress tolerance.

Pharmacotherapy of Depressive Disorders

Several factors should be considered prior to initiating
medication treatments in children and adolescents. These
factors include history, course, and severity of illness, fam-
ily history of psychiatric illness, and environmental and
psychosocial factors. It is imperative to get an accurate di-
agnosis, and the use of structured interviews can greatly fa-
cilitate this process. Understanding the family’s view of the
illness and their beliefs about medications is also critical.

To date, limited guidelines are available for treatment of
pediatric depression. In 1998, the AACAP published treat-
ment guidelines for pediatric depression. At that time, only
two trials of selective serotonin reuptake inhibitors (SSRIs)
had been reported: one positive and one negative. Limited
data were available on specific psychotherapy trials, as well.
In that guideline, psychotherapy was indicated as the first
line of treatment for mild to moderate depression. Medica-
tion (specifically, SSRIs) was recommended for psychotic
depression, bipolar depression, and severe depression. The
Texas Children’s Medication Algorithm Project (CMAP)
project also provided guidelines specifically for medication
treatment. This algorithm, which was published in 1999
was also based on limited available data. However, with re-
gard to medication treatment for pediatric depression, the
later research supports the CMAP recommendations of 
SSRIs as first-line treatment.

Since these guidelines were published, we now have 
reports of many other treatment trials for both therapy and
psychopharmacology. We also now have a trial with a head-
to-head comparison of the two treatments (TADS). 
Although these guidelines provide a good framework, new
guidelines to include the more recent data are warranted.
For example, should single modality treatments be used ver-
sus combination treatments? The APA Practice Guidelines
for adults state that combination treatment is suggested for
individuals with significant psychosocial problems, a his-
tory of partial response to pharmacotherapy or psychother-
apy alone, or poor adherence to a single mode of treatment.
While medications often work quickly to reduce symptoms,
the failure rate of medication alone is about 40%. Combi-
nation treatment may enhance the probability of response,
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as well as the magnitude of response. In other words, two
treatments may be more robust than one, and if one method
is not helpful in reducing symptoms, the other one may be.

The first study to demonstrate an antidepressant medi-
cation treatment to be superior to placebo in treating early-
onset depression was by Emslie et al. (1997a). In this study
of 96 children and adolescents (ages 8 to 18) with MDD,
56% of those randomized to fluoxetine versus 33% of
those randomized to placebo were considered much or
very much improved following 8 weeks of treatment. A
large multisite trial replicating the design of this first trial
was then conducted with 219 children and adolescents
(ages 8 to 17). Subjects were randomized to 9 weeks of
treatment with fluoxetine or placebo. Similar to the initial
study, 52% versus 37%, respectively, were considered
much or very much improved (Emslie et al., 2002). As
mentioned, a 12-week trial comparing fluoxetine, CBT,
combination treatment, and placebo (sponsored by the
National Institutes of Health [NIH]) also supported the use
of fluoxetine, both alone and in combination treatment.
Sixty-one percent of those on fluoxetine alone and 71% of
those on fluoxetine plus CBT were considered responders,
while only 35% of subjects on placebo responded. Thus,
fluoxetine has shown efficacy over placebo in three con-
trolled trials to date. Fluoxetine is the only antidepressant
approved for treatment of pediatric depression. In addi-
tion, both the British Medicine and Healthcare Products
Regulatory Agency (MHRA) and the U.S. Federal Drug Ad-
ministratioin (FDA) stated that the risk–benefit ratio for us-
ing fluoxetine to treat pediatric depression was satisfactory.

In another large, multisite industry-funded study, 275
adolescents (ages 12 to 18) with MDD were randomized to
paroxetine, imipramine, or placebo for an 8-week acute
trial. Paroxetine was superior in efficacy to placebo (66%
versus 48%), but imipramine (52%) was not. This study
demonstrates additional support for the efficacy of SSRIs,
while also reinforcing that TCAs may not be effective treat-
ments for depressed youth, although they may have a role
in specific individuals. Two other studies have been con-
ducted with paroxetine, but have had negative results. In
both cases, the placebo rate was quite high, suggesting
methodological issues may have contributed to the nega-
tive outcome (GSK Website).

Two multisite trials of sertraline versus placebo have
also been conducted, and the data were pooled for analy-
ses. In this study, 376 children and adolescents (ages 6 to
17) with MDD were randomized to sertraline or placebo
for 10 weeks. Sixty-three percent of subjects randomized to
sertraline were considered much or very much improved,
compared to 53% on placebo. Finally, Wagner et al. (2001)
report on a multisite, double-blind, placebo-controlled
study of citalopram in 174 children and adolescents (ages
7 to 17) with MDD. In this study, a significant difference
was seen between the active treatment group and the
placebo group beginning after 1 week of treatment. Rates of
response were not as high as in other studies (36% for

citalopram versus 24% for placebo; p � .05); however, this
is due to the definition of response defined in this trial. In
this study response was defined as CDRS-R�28, which is
generally used to define remission (symptom-free or
“well”) in other trials.

A treatment algorithm was developed for the pharmaco-
logical management of pediatric depression. The Texas
Children’s Medication Algorithm Project (CMAP) devel-
oped a medication algorithm that provides initial strategies
of single medications that have been found to be safe and
effective. Treatment follows a stage approach where patients
progress to the next strategy or medication based on lack of
sufficient symptom improvement or medication intoler-
ance. The algorithm and increasing evidence from con-
trolled trials support the use of selective serotonin reuptake
inhibitors (SSRIs) as the first-line of treatment. This recom-
mendation is based on lack of efficacy of tricyclic antide-
pressants and positive trials in four of the SSRI medications,
including fluoxetine, paroxetine, sertraline, and citalol-
pram. To date, only fluoxetine is approved by the FDA for
the treatment of pediatric depression.

Despite the several trials showing significant improve-
ment of depression in SSRIs over placebo, controversies
about SSRIs being used in children and adolescents have
surfaced. In June 2003, Great Britain’s Department of
Health (under the direction of the country’s Medicines and
Healthcare Products Regulatory Agency (MHRA)) stated
that paroxetine was contraindicated in children and ado-
lescents with depression due to lack of efficacy and in-
creased risk of suicidal behavior in this population. The
FDA followed suit, stating that paroxetine should not be
used in children under 18. In October 2003, the FDA re-
ported that they would be conducting analyses on all an-
tidepressant data to determine the risk–benefit profile of
the SSRIs and other newer antidepressants. Finally, in
March 2004, the FDA has requested that the manufacturers
of many of the newer antidepressants, including SSRIs, in-
clude a warning in the label recommending that health care
providers closely monitor all patients taking these medica-
tions for worsening of depression and emergence of suici-
dal behavior.

It is important to note that in 2,885 depressed patients
reviewed (who participated in clinical controlled trials),
there were no completed suicides. In a reanalysis and re-
classification of all the suicide-related events in pediatric
controlled trials of antidepressants (for any disorder), there
were 95 clear suicide-related behaviors in 4,250 youth stud-
ied. Combining all antidepressants for all disorders showed
a risk ratio of 1.78 (Confidence Interval [CI]: 1.14 to 2.77),
which is significantly greater than placebo. For SSRI MDD
trials, the risk ration was 1.41 (CI: 0.84 to 2.37; not signifi-
cant). Most individual antidepressants were not associated
with increased risk of suicidal behavior. However, paroxe-
tine and venlafaxine did show significantly higher risk of
suicidal behavior over placebo 2.65 (CI: 1.00 to 7.02) for
paroxetine, 4.97 (CI: 1.09 to 22.72) for venlafaxine.
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Although SSRIs are currently under scrutiny, these med-
ications continue to be used in this population, and, as a
group, remain the pharmacological treatment of choice for
depression in this age group. Unfortunately, alternative
treatments, such as CBT, have limited data and are simply
not readily available in most communities. In a trial, which
was sponsored by NIH and not funded through pharma-
ceutical agencies, adolescents were randomized to fluoxe-
tine alone, CBT alone, combination fluoxetine and CBT, or
placebo. Combination treatment and fluoxetine alone were
significantly more effective than CBT alone and placebo.
Seventy-one percent of those on combination treatment re-
sponded well to treatment, compared with 61% on fluoxe-
tine alone, 43% on CBT, and 35% on placebo. Thus, this
single trial suggests that treatment with an antidepressant is
more effective than CBT or no treatment for moderate to se-
vere depression in teens. Addition of a specific psychother-
apy such as CBT may further enhance response.

Thus, despite the controversies facing SSRIs, several tri-
als have demonstrated positive effect of SSRIs. There are no
data in adults suggesting that the individual SSRIs are dif-
ferent (e.g., widely different mechanisms of action), so it is
expected that the pediatric age group would be no different.
To state it more clearly, the different rates of response to
placebo does not cause people to think that the placebos
are different across trials. Rather, it is more likely that
the methodologies across trials are the primary cause of
different response outcomes. Thus, it has been clearly es-
tablished that SSRIs are effective in treating children and
adolescents with MDD, and due to the relatively low side
effects profile and safety in overdose, these medications are
considered the first-line of treatment in this population.

Unfortunately, up to 40% of depressed youth do not re-
spond to initial antidepressant treatments. To date, no tri-
als have been reported on second-line treatment. The
CMAP algorithm suggests that an alternative SSRI be used
next, followed by one of the other new antidepressants,
such as venlafaxine. Two placebo-controlled trials have
been conducted with venlafaxine (ages 7 to 17). The stud-
ies were pooled for analyses, and results indicated that
there was no significant difference between venlafaxine and
placebo. However, when age groups were separated out,
venlafaxine was more effective than placebo in adolescents
in relieving depressive symptoms (P � .02). Wyeth Ayerst
Pharmaceuticals, manufacturers of venlafaxine, have stated
that venlafaxine should not be used to treat depression in
youth under 18, as the company states there is an increased
chance of suicidal behavior in youth taking this medication
(2 versus 0%; not significant). Other medication options
for second-line and third-line treatments are nefazodone,
mirtazapine, and bupropion. A study of adolescents (ages
12 to 17) treated with either nefazodone or placebo
demonstrated greater response in teens treated with nefa-
zodone (65 versus 46%, respectively; P � .005). Two con-
trolled-studies have been conducted in mirtazapine, but
they have not yet been published. Communication with

the sponsor indicates these trials were negative due to a
high placebo response rate. No controlled studies have
been reported on depression treatment with bupropion.
Thus, although these medications are optional treatments
for pediatric depression, substantially less positive results
have been reported with these medications. To date, no
studies have assessed which second-line treatments are
most effective in youth who do not improve during acute
treatment. Therefore, in youth who do not improve with
initial SSRI treatment, a second SSRI trial or switching to an
alternative type of medication such as these may be viable
options. Finally, augmenting with a mood stabilizer (i.e.,
lithium) or electroconvulsive therapy (ECT) are treatment
options for severely refractory depression, though these al-
ternatives have not received adequate investigation in this
population. All of these recommendations are based
mainly on adult data and need further study in the pedi-
atric population.

Bipolar Disorders

There is increasing information about the effectiveness of
psychosocial treatments that complement and support
medication treatment in children and adolescents with
bipolar disorders. Several trials have been conducted, sug-
gesting support for psychotherapeutic intervention as an
intervention to augment medication in reducing the symp-
toms of bipolar disorder and in improving adherence to the
medication regime. There is some evidence that the most
beneficial of multifamily psychoeducational treatments, is
that which provides education about bipolar illness in a
group discussion format, along with skills training for both
parents and children.

The clinical use of mood stabilizers and atypical an-
tipsychotic agents in children and adolescents with bipolar
disorders (BPD) has increased significantly over the past
few years, despite the fact that there are few controlled trials
in this population. Many of the same psychotropic medi-
cations used to treat adults with bipolar disorders are also
used for children and adolescents. To date, there have been
only two double-blind placebo controlled studies of the
treatment for acute mania in children and adolescents with
bipolar disorder and one uncontrolled maintenance treat-
ment study.

Lithium is the most studied medication for children and
adolescents with bipolar disorder and is the only medica-
tion approved by the Food and Drug Administration for
the treatment of acute mania and bipolar disorder in ado-
lescents or children (ages 12 to 18 years). Approximately
40 to 50% of children and adolescents with mania or
hypomania will respond to lithium monotherapy. In gen-
eral, lithium should be titrated to a dose of 30 mg/kg/day
in two to three divided doses, which typically results in a
therapeutic serum level of 0.8 to 1.2 mEq per L. Common
side effects of lithium in children and adolescents include
hypothyroidism, nausea, polyuria, polydipsia, tremor,
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acne, and weight gain. Lithium levels and thyroid function
tests should be monitored as in adults.

In the only prospective, placebo-controlled, investiga-
tion of lithium in children and adolescents with bipolar
disorders (n � 25), Geller et al. (1998) found that after 6
weeks of treatment, subjects treated with lithium showed a
statistically significant decrease in positive urine toxicology
screens and a significant improvement in global assess-
ment of functioning (46% in the lithium treated group
versus 8% in the placebo group). This study demonstrated
the efficacy of lithium carbonate for the treatment of bipo-
lar adolescents with comorbid substance use disorders, but
it did not measure the effect of lithium on mood in these
adolescents. Risk factors for poor lithium response in
children and adolescents with bipolar disorder include
prepubertal-onset and the presence of co-occurring ADHD.

Surprisingly, despite their wide use, there are no pub-
lished placebo controlled studies of antiepileptic medica-
tion for the treatment of pediatric bipolar disorder. Open
label studies of divalproex in manic adolescents have re-
ported response rates ranging from 53 to 82%. There have
also been several case reports and series describing the suc-
cessful use of carbamazepine as monotherapy and adjunc-
tive treatment in children and adolescents with bipolar dis-
order. Kowatch et al. are currently completing an NIMH
sponsored clinical trial of the efficacy of lithium and val-
proate in children and adolescents with BP I disorder. This
trial will provide much needed data about the efficacy and
safety of these widely used two-mood stabilizers.

In general, divalproex is initiated at a dose of 20
mg/kg/day, which will typically produce a serum level of 80
to 120 ug per ml, and carbamazepine is usually titrated to a
dose of 15 mg/kg/day to produce a serum level of 7 to 10 ug
per ml. Common side effects of divalproex in children are
weight gain, nausea, sedation, and tremor. There has been
much debate regarding the possible association between
divalproex and polycystic ovarian syndrome (PCOS). The
initial reports of PCOS were in women with epilepsy who
were treated with divalproex. The hypothesized mechanism
for divalproex induced PCOS is that obesity secondary to
divalproex results in elevated insulin levels, which leads to
increased androgen levels and ultimately PCOS. Further
investigations of the risk of developing PCOS for female
bipolar adolescents are necessary. Until this issue is settled,
clinicians should monitor female patients treated with
divalproex for any signs of PCOS that include weight, men-
strual abnormalities, hirsutism, or acne.

Carbamazepine is used widely for seizure management
but less commonly than divalproex in children and adoles-
cents with bipolar disorder. This anticonvulsant must 
be titrated slowly and requires frequent monitoring of
blood levels because of CYP450 drug interactions. Its most
common side effects are sedation, rash, nausea, and 
hyponatremia. Aplastic anemia and severe dermatologic re-
actions such as Stevens-Johnson syndrome occur uncom-
monly. Side effects of carbamazepine include developing

aplastic anemia and severe dermatological reactions, such
as Stevens-Johnson’s syndrome, hyponatremia, nausea, and
sedation, and it is therefore, less commonly used in children
and adolescents with bipolar disorder. Oxcarbazepine, an
analog of carbamazepine, is a promising agent for acute ma-
nia in adults, but no pediatric data are available.

Several new antiepileptic agents have been developed
for the treatment of epilepsy that may have mood stabiliz-
ing properties. Data are presently limited regarding the
efficacy and tolerability of these agents for the treatment 
of pediatric bipolar disorder. However, they may be useful
as adjuncts for the treatment of manic and hypomanic
episodes. There have been several case reports of lamotrig-
ine as adjunctive treatment for children and adolescents
with bipolar disorder. However, its use for pediatric bipo-
lar disorder has been limited due to the risk of potentially
lethal cutaneous reactions, such as Stevens-Johnson syn-
drome and toxic epidermal necrolysis. The risk of a serious
rash is approximately two to three times greater in children
and adolescents younger than 16 years old compared with
adults, but a more conservative dosing schedule appears
to have substantially reduced the rate of serious rashes.
Double-blind placebo controlled studies of gabapentin
have demonstrated that gabapentin is no more effective
than placebo for the treatment of acute mania in adults.
However, gabapentin may be effective for the treatment of
anxiety disorders in adults and is generally well tolerated in
children and adolescents. Therefore, gabapentin may be
particularly useful for treating children and adolescents
with bipolar disorder who are also diagnosed with a
comorbid anxiety disorder. Preliminary data from open
studies suggest that topiramate may be effective as an
adjunctive treatment for pediatric bipolar disorder, al-
though more recent double-blind placebo controlled
studies in adults with mania suggest that as monotherapy it
is no more effective than placebo. Word finding difficulties
have been reported in up to one third of adult patients
treated with topiramate. Topiramate is associated with
anorexia and weight loss, and therefore it may be useful as
adjunctive treatment for children and adolescents with
bipolar disorder who have gained weight as a result of treat-
ment with other psychotropic medications.

The atypical antipsychotics are powerful psychotropic
agents that have been found to be efficacious in the treat-
ment of adults with schizophrenia and acute bipolar
mania. These atypical agents not only have antipsychotic
activity but may also possess thymoleptic properties with
favorable effects on the depressive and manic symptoms of
patients with bipolar disorders. To date, there have been
three large controlled studies of olanzapine, two controlled
trials of risperidone, and one controlled trial of ziprasidone
in the treatment of adults with acute mania.

Several case series and open-label reports suggest that
atypical antipsychotics clozapine, risperidone, olanzapine,
and quetiapine are effective in the treatment of pediatric 
mania. However, there may be significant weight gain 
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associated with olanzapine and risperidone. Ziprasidone can
cause QTc prolongation and there are limited safety data in
children and adolescents. Therefore, ziprasidone should be
used with caution in children and adolescents with bipolar
disorder and electrocardiograms should be monitored at
baselines and when significant dosage increases are made. In
the only double-blind placebo-controlled study of an atypi-
cal antipsychotic for the treatment of bipolar adolescents,
quetiapine in combination with divalproex (n � 15)
resulted in a greater reduction of manic symptoms than
divalproex monotherapy (n � 15), suggesting that the com-
bination of a mood stabilizer and atypical antipsychotic is
more effective than a mood stabilizer alone for the treatment
of adolescent mania. In this study, quetiapine was titrated to
a dose of 450 mg per day in 7 days and was well tolerated.

If a child or adolescent has euphoric mania without psy-
chotic symptoms, then a trial of lithium is many times
helpful. Adult patients with dysphoric mania appear to re-
spond better to divalproex than to lithium. But if psychotic
symptoms are present as part of the child or adolescent’s
mania, then treatment with an atypical antipsychotic agent
is indicated. If a patient does not respond to monotherapy
with either a traditional mood stabilizer like lithium or val-
proate, or an atypical antipsychotic, then a combination of
a traditional mood stabilizer and any atypical antipsychotic
may be effective.

Most children with BPD will have comorbid ADHD, and
mood stabilization with mood stabilizers or atypical an-
tipsychotics is a necessary prerequisite prior to initiating
stimulant medications. A randomized controlled trial of 40
bipolar children and adolescents with ADHD demon-
strated that low-dose Dexedrine can be safely and effec-
tively used for treatment of comorbid ADHD symptoms
after the child’s BPD symptoms are stabilized with dival-
proex. Sustained release psychostimulants may be more
effective at reducing rebound symptoms in bipolar chil-
dren and adolescents. A typical dose of such stimulants for
a child with BPD and ADHD would be 36 mg per day of
Concerta or Adderall XR, 10 to 20 mg per day.

Many agents used to treat children and adolescents with
bipolar disorder are associated with weight gain. A series of
general medical, metabolic problems may occur as a result
of increases in weight. These include type II (noninsulin de-
pendent) diabetes mellitus, and changes in lipid levels, and
transaminase elevation. Children who experience signifi-
cant weight gain should be monitored especially closely for
these possibilities and should be referred for exercise and
nutritional counseling. The American Diabetes Associa-
tion, in collaboration with the American Psychiatric Asso-
ciation, published a monitoring protocol for all patients
prior to initiating treatment with an atypical antipsychotic.
This protocol includes inquiring about a personal and fam-
ily history of obesity, diabetes, dyslipidemia, hypertension,
or cardiovascular disease; weight and height, so that body
mass index (BMI) can be calculated; measurement of waist
circumference (at the level of the umbilicus); blood pres-

sure; fasting plasma glucose; and a fasting lipid profile. This
group recommended that the patient’s weight should be
reassessed at 4, 8, and 12 weeks after initiating or changing
therapy with an atypical antipsychotic and quarterly there-
after at the time of routine visits. If a patient gains more
than 5% of his or her initial weight at any time during ther-
apy, the patient should be switched to an alternative agent.
These guidelines should be followed in all children and
adolescents treated with atypical antipsychotics. It should
be also be recognized that although these guidelines are 
extremely helpful, they were not written for a pediatric 
population, and the 5% weight gain threshold may not be
sensitive enough for children and adolescents.

CONCLUSION

Despite increased awareness of the occurrence of mood
disorders in children and adolescents, pediatric mood
disorders frequently go undiagnosed and untreated. Misdi-
agnosis is particularly likely when clinicians attempt to
differentiate primary mood disorders from mood disorders
due to general medical conditions or to substance-induced
mood disorders. It is important that these disorders are 
recognized and appropriately treated as they can cause 
significant suffering, morbidity, and suicide.
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ANXIETY

Anxiety can be defined as the apprehensive anticipation of
future danger or misfortune accompanied by a feeling of
dysphoria or somatic symptoms of tension. The focus of an-
ticipated danger may be internal or external (DSM-III-R,
1987). It is the uneasiness associated with the anticipation
of danger or perceived rejection and loss of love. Anxiety, an
emotion, is the subjective sensation that accompanies the
body’s response to real or perceived threat. All individuals
experience some degree of real or perceived threat, and,
therefore, we all have had the sensation of anxiety. Fears and
anxieties of a mild and transient nature are part of normal
development, though this expectation may mask the pres-
ence of emerging or existing anxiety disorder (Zahn-Waxler
et al., 2000). For some individuals, however, the frequency,
duration, intensity, or context of the anxiety is extreme and
can interfere with normal development and functioning.
These individuals are considered to have anxiety disorders.

Anxiety disorders are the most common psychiatric syn-
dromes in children and adolescents, with estimated point
prevalence of 3 to 13% (Kashani and Orvaschel, 1988,
1990). There is a much higher prevalence of anxiety disor-
ders in medical and psychiatric settings. The disability and
impairment in health-related quality of life due to anxiety
disorders can be severe (Beidel et al., 1991; Francis et al.,
1992; Strauss et al., 1988). Feelings of worthlessness, low
self-esteem, and difficulties with concentration and motiva-
tion are common in anxiety disorders, and these symptoms
along with core symptoms of fear and anxiety impair school
performance. These symptoms also strain relationships
with peers and family members leading to poor social life.
In addition, anxiety disorders may interrupt educational at-
tainment and thus affect human capital accumulation and
future earnings. Longitudinal data of children with anxiety
conditions indicate that anxiety disorders can be chronic
and disabling, and they can increase risk of comorbid 
disorders (Pine et al., 1998). Reports in the adult literature

also demonstrate the risk for lifelong impairment, reduced
quality of life, and increased rates of suicidality (Katzelnick
et al., 2001). Rates of anxiety increase as children move into
adolescence, which can adversely affect their development.

Scientific efforts to classify abnormal anxiety symptoms
resulted in the clustering of similar clinical presentations of
anxiety symptoms into anxiety disorders. The Diagnostic
and Statistical Manual of Mental Disorders, Third Edition, Re-
vised (DSR-III-R) recognized two child-specific anxiety dis-
orders: separation anxiety of childhood and overanxious
disorder of childhood (DSM-III-R, 1987). It also recog-
nized that anxiety disorders occur in both children and
adults, such as panic disorder, agoraphobia, specific pho-
bias (e.g., social phobia), posttraumatic stress disorder
(PTSD), and obsessive-compulsive disorder (OCD). Al-
though each of these disorders had distinguishing clinical
phenomenology, profound anxiety was the core symptom
common to all. With DSM-IV (American Psychiatric Asso-
ciation, 1994) and DSM-IV-TR, there has been a refinement
of this phenomenology.

PHENOMENOLOGY, CLASSIFICATION,
AND DIAGNOSIS

Anxiety is a universal feeling experienced by all. It is
thought to be a safety mechanism designed to prepare an
individual for flight or fight in reaction to perceived risk or
damage. At mild to moderate levels, anxiety may be a use-
ful and adaptive mechanism. At extreme levels, however, it
is usually maladaptive and debilitating. One means of
judging whether a patient has an anxiety disorder is
whether the response of an individual is proportionate to
the presenting stressor or anxiety-provoking stimulus.

Numerous physiological changes take place in associa-
tion with anxiety. These changes may present as many signs
and symptoms of anxiety disorders involving many organ
systems. A sense of palpitations, tachycardia, increased
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blood pressure, and flushing or pallor may be seen. A sub-
jective sense of shortness of breath and an increased respi-
ratory rate can be seen. Blotching of the skin, rashes,
changes in skin temperature, and increased perspiration
may be noted. Patients may demonstrate tremulousness,
muscle tension, and cramping. Patients may have gastroin-
testinal symptoms such as by diarrhea, nausea, bloating,
and abdominal pain. Additional nonspecific physical
symptoms such as headache, chest pain, insomnia, dizzi-
ness, fainting, and urinary frequency may be observed.

Patients may also present with psychological and cogni-
tive symptoms such as worrying and reports of feeling
scared, feeling tense, nervous, or stressed. In states of panic,
patients may express a fear of dying, a fear of imminent dis-
aster, or the feeling that one is going crazy. Patients may be
easily startled or hyperaroused and may show behavioral
symptoms with significant social impact, such as appearing
dependent, needy, clingy, shy, withdrawn, and uneasy in
social situations. Individuals with anxiety disorders may
appear nervous and high strung.

Children and adolescents with anxiety disorders can have
a clinical picture that is somewhat different from those seen
in adults. For instance, children may not report any worries
or anxieties but may have pronounced physical symptoms.
Severe tantrums may be their only manifestation of anxiety
problems and thus can be confused with mood disorders or
oppositional behavior. Anxiety-related tantrums may occur
in children who may be generally compliant and cooperative
but then unexpectedly have a severe tantrum. These
tantrums can be extraordinarily long and involve the child
demanding that the guardian help her or her to avoid an
anxiety-provoking situation or stimuli. Examples of such
tantrums include a child with social phobia (SP) having a
temper tantrum to avoid school or children with obsessive-
compulsive disorder (OCD) having a tantrum to avoid
breaking a ritual or seek parental assistance with cleaning up.
Some children present to the pediatrician with physical
symptoms such as nausea, stomachache, or headache occur-
ring on Monday morning or Sunday night, which may
represent separation anxiety disorder. Children with gener-
alized anxiety disorder (GAD) may feel sick after the news of
a thunderstorm or natural disaster.

The diagnosis of normal versus abnormal anxiety largely
depends on the degree of distress and its effect on a child’s
functioning in life. The degree of abnormality must be
gauged within the context of the child’s age and develop-
mental level (Table 14.1). The following section delineates
the diagnostic rubrics utilized to describe anxiety disorders.

SEPARATION ANXIETY DISORDER (SAD)

Separation anxiety is characterized by excessive anxiety or
fear concerning separation from home or from those to
whom the child is attached. By definition, it begins before
age 18 (DSM-IV-TR, 2000). The disorder usually manifests

to the clinician with somatic complaints that the child ex-
periences when there is impending separation from home
or the parents, such as going to school. The child can have
difficulty when left with relatives, day care providers,
babysitters, and other caregivers. This disorder also fre-
quently involves refusal to attend sleepovers or outings
requiring a separation from parents. Children who have
severe symptoms may refuse to sleep in their own rooms or
refuse to go to school, leading to significant impairment.
Sunday night and Monday morning illnesses are typical in
these children, who may feel great on Fridays and week-
ends. These children have a difficult time going back to
school after holiday breaks and especially after summer va-
cations. Separation anxiety should be distinguished from
social phobia, in which the child avoids school because of
a fear of being scrutinized by peers.

Separation anxiety disorder is associated with the devel-
opment of subsequent depression and panic disorder
(McCauley et al., 1993; Mitchell et al., 1988). As it may be
an antecedent to subsequent pathology and causes signifi-
cant distress, appropriate diagnosis and treatment is neces-
sary (Labellarte et al., 1999).

GENERALIZED ANXIETY DISORDER
(GAD)

This disorder was referred to as “overanxious disorder of
childhood” in previous versions of the Diagnostic and
Statistical Manual of Mental Disorders (DSM). Generalized
anxiety disorder can be defined as excessive worry, appre-
hension, and anxiety occurring most days for a period of
6 months or more that involves concern over a number of
activities or events (DSM-IV-TR, 2000). The focus of the
worry and fear is not a specific stimulus as it is in other 
anxiety disorders such as the extreme anxiety in social situ-
ations in social phobia. The person has difficulty control-
ling the anxiety, which is associated with at least one of the
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TABLE 14.1
NORMAL DEVELOPMENTAL ANXIETY AND ITS
COMMON CAUSES

0–6 Months Loud noises, rapid position changes, rapidly
approaching unfamiliar objects

7–12 Months Strangers, unfamiliar objects, confrontation
with unfamiliar people

1–5 Years Strangers, storms, animals, dark, loud noises, 
toilet, monsters, ghosts, insects, bodily 
injury, separation from parents

6–12 Years Bodily injury, disease, ghosts, supernatural 
beings, staying alone, criticism, punishment, 
failure

12–18 Years Tests and examinations, school performance,
bodily injury, appearance, peer scrutiny and 
rejection, social embarrassment
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following: restlessness, feeling “keyed up” or on edge; be-
ing easily fatigued; difficulty concentrating or having the
mind go blank; irritability; muscle tension; or difficulty
falling asleep or staying asleep, or restless sleep. The anxi-
ety causes significant distress and impairs functioning.

PANIC DISORDER

Panic disorder is different from panic attacks; panic attacks
are defined as sudden, discrete episodes of intense fear or
discomfort accompanied by 4 out of 13 bodily or cognitive
symptoms, often manifesting with an intense desire to 
escape, feeling of doom or dread, and impending danger
(DSM-IV-TR, 2000). These symptoms peak within 10 min-
utes and often subside within 20 to 30 minutes. The 13
symptoms are heart palpitations or fast heart rate; sweating;
trembling or shaking; shortness of breath or smothering;
choking sensation; chest discomfort or pain; nausea or ab-
dominal distress; feeling dizzy, lightheaded, faint, or un-
steady; feelings of unreality or being detached from oneself;
fear of losing control or going crazy; fear of dying; numb-
ness or tingling sensations; and chills or hot flashes. Panic
disorder consists of recurrent unexpected panic attacks with
interepisode worry about having others; the panic attacks
lead to marked changes in behavior related to the attacks.
Panic attacks are frequently associated with agoraphobia
(the fear of the marketplace or public places and avoidance
of situations from which escape might be difficult or help
might not be available and often experienced as a fear of
leaving the home). Although agoraphobia can occur alone,
it most often occurs in the presence of panic disorder.

OBSESSIVE-COMPULSIVE 
DISORDER (OCD)

This disorder is defined by persistent obsessions (intrusive,
unwanted thoughts, images, ideas, or urges) or compul-
sions (intense, uncontrollable repetitive behaviors or men-
tal acts related to the obsessions) that are noted to be
unreasonable and excessive (DSM-IV-TR, 2000). These ob-
sessions and compulsions cause notable distress and im-
pairment and are time consuming (more than 1 hour a
day). The most common obsessions concern dirt and con-
tamination, repeated doubts, need to have things arranged
in a specific way, fearful aggressive or murderous impulses,
and disturbing sexual imagery. The most frequent compul-
sions involve repetitive washing of hands or using hand-
kerchief/tissue to touch things; checking drawers, locks,
windows, and doors; counting rituals; repeating actions;
and requesting reassurance. Eighty percent of subjects suf-
fering from OCD have both obsessions and compulsions.

Young children with OCD may not recognize their
obsessive thoughts or the compulsions and rituals as prob-
lematic or unusual. Therefore children between 4 and 10

may frequently have severe tantrums with atypical precipi-
tants as the chief complaint. A child might be usually very
compliant, but have a tantrum if asked to speed up his or
her cleaning. Young children may also be unable to verbal-
ize their obsessions, but parents can describe avoidance
behaviors, compulsions, and rituals.

Pediatric autoimmune neuropsychiatric disorders asso-
ciated with streptococcal infection (PANDAS) are a group
of disorders that are believed to be the result of an autoim-
mune response to group A beta-hemolytic streptococcal
infections (Swedo et al., 1998). These disorders can present
with tics and obsessions and compulsions. The onset of
OCD symptoms is typically more abrupt if associated
with PANDAS.

POSTTRAUMATIC STRESS 
DISORDER (PTSD)

In this disorder, a person experiences, witnesses, or is con-
fronted by a traumatic event or events that involve an ac-
tual or perceived threat of death or serious bodily injury,
and the person’s response involves intense fear, helpless-
ness, or horror. In children, probably the most common
traumatic event is abuse. The traumatic event is continually
re-experienced in the following ways: recurrent and intru-
sive distressing remembrances of the event involving im-
ages, thoughts, or perceptions; distressing dreams of the
event; acting or believing that the traumatic event is recur-
ring; intense anxiety and distress to exposure to situations
that resemble the traumatic event; or bodily reactivity on
exposure situations that resemble the traumatic event
(DSM-IV-TR, 2000). The person avoids situations that are
associated with and remind him or her of the traumatic
event, leading to avoidance of thoughts, feelings, or con-
versations associated with the trauma; activities, places, or
people that remind him or her of the traumatic event; an
inability to remember details of the event; markedly di-
minished participation and interest in usual activities; feel-
ing detached and estranged from others; restricted range of
emotional expression; sense of a foreshortened future or
life span; persistent signs of physiologic arousal, such as
difficulty falling asleep or staying asleep, irritability or
anger outbursts, difficulty concentrating, excessive vigi-
lance, and exaggerated startle response. These symptoms
persist for more than 1 month and cause significant distress
and impairment of functioning.

ACUTE STRESS DISORDER

A person is exposed to a traumatic event in which he or she
experiences, witnesses, or is confronted by an event or
events that involve an actual or perceived threat of death or
serious bodily injury, and the person’s response involves in-
tense fear, helplessness, or horror. The traumatic event is
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continually re-experienced in the following ways: recurrent
and intrusive distressing remembrances of the event involv-
ing images, thoughts, or perceptions; distressing dreams of
the event; acting or believing that the traumatic event is re-
curring; intense anxiety and distress to exposure to situa-
tions that resemble the traumatic event; bodily reactivity on
exposure situations that resemble the traumatic event. The
person avoids situations that are associated with and re-
mind him or her of the traumatic event, leading to avoid-
ance of thoughts, feelings, or conversations associated with
the trauma; activities, places, or people that remind the per-
son of the traumatic event; inability to remember details of
the event; markedly diminished participation and interest
in usual activities; feeling detached and estranged from
others; restricted range of emotional expression; sense of a
foreshortened future or life span; persistent signs of physio-
logic arousal, such as difficulty falling asleep or staying
asleep, irritability or anger outbursts, difficulty concentrat-
ing, excessive vigilance, and exaggerated startle response.
This disorder differs from PTSD in that the symptoms persist
for less than 1 month.

SOCIAL PHOBIA (SP)

This disorder is characterized by a persistent and significant
fear of one of more social situations in which a person is
exposed to unfamiliar persons or scrutiny by others and
feels he or she will behave in a way that will be embarrass-
ing or humiliating (DSM-IV-TR, 2000). Exposure to the
feared social situations almost always causes significant
anxiety, even a panic attack, despite the fact that the anxiety
is seen as excessive and unreasonable. This belief may lead
to avoidance of such situations or endurance under extreme
distress, leading to marked interference in the person’s func-
tioning and routine. In children and adolescents, the symp-
toms must be present for a minimum of 6 months and cause
significant impairment in functioning or marked distress in
order to warrant the diagnosis. The DSM-III-R diagnosis of
avoidant disorder of childhood has been subsumed under
this rubric in DSM-IV-TR. Children and adolescents with
social phobia usually have few friends and tend to avoid
group activity and report feeling lonely. They are also fear-
ful of social situations such as reading aloud in class, asking
the teacher for help, eating in the cafeteria, unstructured
activities with peers, and so on (DSM-IV-TR, 2000).

SELECTIVE MUTISM

Selective mutism is the failure to speak in social situations
when there is no underlying language problem and the
child has the capacity to speak (DSM-III-R, 1987). The on-
set of this disorder is in childhood. The child usually speaks
normally in the company of familiar adults or family and
familiar settings. At school or in other public settings, the

child may be silent. The disorder is considered by some to
be a severe form of social phobia as these youth are often
painfully shy. The disorder cannot otherwise be explained
by a developmental abnormality. There is a high rate of
family history of anxiety disorders in these children.

SPECIFIC PHOBIA

This disorder is characterized by persistent and significant
fear that is recognized as unreasonable and excessive and
that is triggered by the presence or perception of a specific
feared situation or object; exposure to this situation or ob-
ject immediately provokes an anxiety reaction (DSM-IV-TR,
2000). The distress, avoidance, and anxious anticipation of
the feared situation or object significantly interfere with a
person’s normal functioning or routine. This disorder may
present as one of many types: the animal type is manifested
as a fear of animals or insects; the natural environmental
type is manifested as a fear of storms, heights, water, and
the like; the blood-injection-injury type is manifested as a
fear of getting injections, seeing blood, seeing injuries, or
watching or having invasive medical procedures; the situa-
tional type is manifested as a fear of elevators, flying, driv-
ing, bridges, escalators, trains, tunnels, closets, and so on.
In children, specific phobia may be expressed as anxiety or
by symptoms such as crying, temper tantrums, or a marked
increase in clinging behavior.

ADJUSTMENT DISORDER WITH ANXIETY
(WITH OR WITHOUT DEPRESSED MOOD)

This disorder can be diagnosed when the development of
emotional or behavioral symptoms occur within 3 months
in response to an identifiable stressor (DSM-III-R, 1987).
These symptoms and behaviors cause marked distress in
excess of that which could be expected and results in sig-
nificant occupational, social, or academic performance.
Once the initiating stressor has ceased, the disturbance
does not last longer than 6 months.

ANXIETY DISORDER DUE TO A
GENERAL MEDICAL CONDITION

This disorder may result when the physiologic conse-
quences of a distinct medical condition is judged to be the
cause of prominent anxiety symptoms.

DRUG-INDUCED ANXIETY DISORDER

This disorder may result when the physiologic conse-
quences of the use of a drug or medication is judged to be
the cause of prominent anxiety symptoms.
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ANXIETY DISORDER NOT 
OTHERWISE SPECIFIED

This disorder may result when the prominent symptoms of
anxiety and avoidance exist but do not fully meet the pre-
ceding diagnostic criteria.

DIAGNOSTIC ISSUES IN 
ANXIETY DISORDERS

As more than 50% of individuals who meet criteria for one
anxiety disorder also meet criteria for a second anxiety dis-
order, an underlying vulnerability to anxiety is probably
common to all anxiety disorders (Kashani and Orvaschel,
1990; Last et al., 1992). However, it is not clear whether
there is a specific inheritance related to a particular anxiety
disorder or whether a broader genetic predisposition to-
ward problems with overarousal and reactivity to stimuli
may be responsible. In addition, the categorical DSM-IV-TR
nomenclature may result in artificially carving various anx-
iety disorders into discrete categories.

COMORBIDITY

Childhood anxiety disorders have astounding comorbidity
with other childhood neuropsychiatric disorders (Last et
al., 1987a; Leckman et al., 1983). Attention-deficit/hyper-
activity disorder (ADHD) co-occurs with anxiety disorders
with high frequency (Biederman et al., 1991). In some
studies, more than 60% of the children with affective dis-
orders also had an anxiety disorder, and 70% of children
with school refusal had comorbid affective disorders (Bern-
stein et al., 1996).

The presence of anxiety disorders in childhood appears
to confer risk for the development of affective and anxiety
disorders in adolescence and adulthood (Reinherz et al.,
1989). In turn, depressive symptoms in childhood appar-
ently play a role in vulnerability to anxiety disorders
throughout the life cycle (Kovacs et al., 1989; Kovacs and
Goldston, 1991). In addition, adolescents with anxiety dis-
orders who develop major depression are at a high risk 
for attempting suicide (Pawlak et al., 1999). That many 
disorders co-occur with anxiety disorders and that vulnera-
bility to anxiety disorders also confers vulnerability to 
affective disorders, and vice versa, should not be surprising,
considering that the brainstem monoamines (e.g., nore-
pinephrine, serotonin, dopamine) are common mediators
of both arousal and affect. Primary “anxiety” symptoms 
induced by abnormal regulation of these brainstem
monoamine systems would likely be accompanied by 
affective symptoms, and vice versa.

Other neuropsychiatric conditions in which anxiety is a
prominent symptom include psychotic disorders, mental
retardation, traumatic head injury, developmental delay,

profound neglect, and physical abuse. The common thread
in all of these disorders is a compromised capacity to effec-
tively and efficiently interpret experience. Regardless of
which specific capacity (processing, storing, or recalling
stored information) is affected by the cortical and subcorti-
cal impairments in these disorders, the effect is the same—
every experience is too “new.” Any condition that alters the
brain’s capacity to make associations in response to an event,
store them, and then generalize from that event to a future
event causes the affected individual to experience each mo-
ment as novel. Novel cues are interpreted by the brain as
threat related until proven otherwise. To a psychotic child in
whom abnormal pairing of sensory information is taking
place, the environment is ever-changing from moment to
moment, with all experience continually being processed
and perceived as “novel.”

Although anxiety plays a major role in the clinical
presentation of all of these neuropsychiatric disorders, no
single neuropathological process has been found that is
specific to a given diagnostic category or to specific anxiety-
related symptoms. The threat-response systems in the
human brain are redundant and widely distributed, and
there are many mechanisms and sites in which dysregula-
tion may occur.

ANXIETY DISORDER SECONDARY TO
NEUROLOGICAL ILLNESS

One of the best described neurological disorders that pre-
sents with symptoms of anxiety is pediatric autoimmune
neuropsychiatric disorders associated with streptococcal
(group A �-hemolytic streptococcal [GABHS]) infections
(PANDAS) (Swedo et al., 1998). Swedo et al. described the
clinical characteristics of 50 pediatric patients diagnosed
with PANDAS, OCD, and tic disorders with a prepubertal
onset in association with GABHS. The children’s symptom
onset was acute and dramatic, typically triggered by GABHS
infections at a very early age (mean � 6.3 years, SD � 2.7,
for tics; mean � 7.4 years, SD � 2.7, for OCD). The
PANDAS clinical course was characterized by a relapsing-
remitting symptom pattern with significant psychiatric
comorbidity accompanying the exacerbations; emotional
lability, separation anxiety, nighttime fears and bedtime rit-
uals, cognitive deficits, oppositional behaviors, and mo-
toric hyperactivity were particularly common. Giedd et al.
used computer-assisted morphometric techniques to ana-
lyze the cerebral magnetic resonance images of 34 children
with PANDAS and 82 healthy comparison children who
were matched for age and sex (Giedd et al., 2000). The
average sizes of the caudate, putamen, and globus pallidus,
but not of the thalamus or total cerebrum, were signifi-
cantly greater in the group of children with streptococcus-
associated OCD or tics than in the healthy children.
The basal ganglia enlargements were consistent with a hy-
pothesis of a selective cross-reactive antibody-mediated
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inflammation of the basal ganglia underlying the develop-
ment of poststreptococcal OCD or tics in some individuals.
However, there was a lack of correlation between basal
ganglia size and symptom severity, indicating that the rela-
tionship between basal ganglia size and pathophysiology is
not direct. In addition, because of poor sensitivity and
specificity of the MRI findings, an MRI scan is not war-
ranted for the diagnosis or clinical monitoring of children
with poststreptococcal OCD or tics.

Apart from PANDAS, there are limited descriptions of
pediatric anxiety disorders secondary to neurological ill-
ness. Gamazo-Garran et al. described a 16-year-old-boy
who had a midline germinal tumor affecting the caudate
nuclei; left lenticular, right internal capsule’s genu; and bi-
lateral involvement of the interventricular septum close to
the interventricular foramina. He developed OCD symp-
toms and elevated tumor markers when he had a tumor
relapse, and fluorodeoxyglucose positron emission tomog-
raphy showed caudate nuclei involvement. He responded
to treatment with 80 mg of citalopram. As noted in this case
report, the treatment for anxiety secondary to neurologi-
cal/infectious causes is the same as that for primary anxiety
disorders (Storch et al., 2004).

EPIDEMIOLOGY

Although quite common, anxiety disorders in children 
often are overlooked or misjudged, even though they are
treatable conditions with good, persistent medical care.
What does seem to be developing in the medical literature
is the consensus that many “adult” psychiatric disorders
likely have their first (although perhaps subtle or ignored)
manifestations in childhood, and that if left untreated
these anxiety disorders in children likely progress to adult
versions.

Epidemiological studies that used DSM-III-R diagnostic
criteria have demonstrated that over 10% of all children
meet criteria for some anxiety disorder (Kashani and Or-
vaschel, 1988; King et al., 1995; Milne et al., 1995). In two
cross-sectional epidemiological studies, 21% of the sam-
pled children reported symptoms meeting DSM anxiety
disorder diagnostic criteria (Kashani and Orvaschel, 1988;
Kashani et al., 1989). In these samples, the prevalence rates
for separation anxiety disorder were 12.9%, 12.4% for
over-anxious disorder, 3.3% for specific phobia, and 1.1%
for social phobia. The National Institute of Mental Health
(NIMH) adolescent OCD study showed a lifetime preva-
lence of 1.9% for the general adolescent population (Fla-
ment et al., 1988). Valleni-Basile et al. reported a higher
rate of 3% of clinical OCD and 19% for subclinical OCD
symptoms in their community sample of 3,283 adolescents
(Valleni-Basile et al., 1994). A few studies have investigated
the epidemiology of panic disorder. These studies have
found a lifetime prevalence ranging from 0.3 to 1% in ado-
lescence (Lewinsohn et al., 1993; Verhulst et al., 1997;

Whitaker et al., 1990). Warren et al., in a sample of 388
adolescents reported a higher (4.7%) prevalence of panic
disorder. Unfortunately, because of controversies regarding
the occurrence of panic disorder in the pediatric age group,
panic disorder was not mentioned in the most widely cited
epidemiological studies of panic disorder in youth (Ander-
son et al., 1987; Kashani and Orvaschel, 1988)

COURSE

Understanding the course of anxiety disorders is critical to
planning treatment and assessing future medical need. In
addition, knowledge about the course of various anxiety
disorders will answer parental concerns about how long
the child will need treatment and when the child might be
free from impairment. Emerging evidence is suggesting that
several anxiety disorders begin early in childhood, increase
the risk for developing other comorbid disorders, and if un-
treated may result in a chronic course (Achenbach et al.,
1995; Pine et al., 1998b; Spence et al., 2001).

Separation anxiety disorder (SAD) can have an early
and acute onset following a significant stressor, such as
move to a new neighborhood, death of a parent, or a pe-
riod of developmental change (Last et al., 1987a). SAD
tends to have a variable course with remission and peri-
ods of recurrence during periods of increased stress and
sometimes seems to come out of the blue. Moreover, SAD
increases the risk for subsequent depression and social
phobia, and girls with SAD are at increased risk for panic
disorder and agoraphobia (Black and Robbins, 1990).
Simple phobia also seems to be chronic for a significant
proportion of children and adolescents, though there
have been reports of spontaneous remission also (Agras et
al., 1972; Essau et al., 2000).

OCD has a chronic fluctuating course marked by remis-
sions and recurrences (Swedo et al., 1989). In a 2-year fol-
low-up of adolescents who had a lifetime diagnosis of OCD,
Berg et al. found that 31% of subjects received a diagnosis
of OCD at follow-up (Berg et al., 1989). Wewetzer et al., in
a long-term follow-up study, assessed 55 patients whose
mean age of onset of OCD was 12.5 years and the mean fol-
low-up time was 11.2 years. At the follow-up investigation,
71% of the patients met the criteria for some form of psy-
chiatric disorder, while 36% were still suffering from OCD.

Patients with social phobia are at increased risk of de-
veloping major depression, as well as substance abuse and
dependence (Kessler et al., 1994; Last et al., 1992). There
are little data available on the course of GAD. However, the
minimal data suggest that GAD is unstable over time, with
the majority of the patients having a different diagnosis at
follow-up in addition to increased risk for alcohol abuse
(Cantwell and Baker, 1989; Kaplow et al., 2001). Though
data are lacking in children for the course of panic disorder,
the data from adults suggests that this is a chronic and re-
current diagnosis (Breier et al., 1986).
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Genetic Factors

Systematic study of the temperament of infants has sug-
gested that certain properties of the sensitivity of the
arousal system may be constitutional (Kagan et al., 1987).
The rudimentary organization and sensitivity of the arousal
systems appear to be present at birth. Differential internal
states of anxiety seem to be associated with distinct behav-
iors, such as initiation of social contact, exploration, and
the capacity to form and maintain peer attachments (Last et
al., 1987b; Waldron et al., 1975). Panic disorder, general-
ized anxiety disorder, phobias, and OCD all have signifi-
cant familial aggregation (Hettema et al., 2001). Further-
more, twin studies have established that genes account for
a significant variance in anxiety measures. In a large twin
study, Torgersen considered 32 monozygotic (MZ) and 53
dizygotic (DZ) adult same-sexed twins (Torgersen, 1983).
The frequency of anxiety disorders was twice as high in MZ
as in DZ twins of the total proband group, alike in the MZ
and DZ co-twins of the generalized anxiety disorder
proband group, and three times as high in MZ as in DZ co-
twins of the other proband groups. Anxiety disorders with
panic attacks were more than five times as frequent in MZ
as in DZ co-twins in a combined group of probands with
panic disorders and agoraphobia with panic attacks. Thus,
for generalized anxiety disorder, heritability was not appar-
ent, while genetic factors seemed significant in other anxi-
ety disorders, especially panic disorder and agoraphobia
with panic attacks. Stevenson et al. studied 319 same-
gender twin pair and showed that around 29% of the vari-
ance for fear and phobic symptoms was heritable (Steven-
son et al., 1992).

With advances in molecular genetic techniques and high
throughput genotyping methodology (see Chapter 29),
scientists have conducted genetic association and linkage
studies in an effort to identify specific genes and genetic
regions that may increase susceptibility for anxiety disor-
ders. (See Table 14.2 for commonly cited genetic studies).
Because the animal literature has supported a role for
serotonin in anxiety and fear, the usual focus of the studies
has been candidate genes that code for neurotransmitters
in the serotonin pathway including monoamine oxi-
dase A (MAO-A), catechol-O-methyl-transferase
(COMT), serotonin transporter (SLC6A4), receptors in-
volved in serotonin transduction (such as 5HT1B), and
GABA-A (Lesch, 2001). As is the case with genetics of com-
plex diseases, findings from linkage and association studies
have been inconsistent and conflicting, and therefore need
further replication. Thus, several human studies have re-
ported findings of association of polymorphisms in the
promoter region of the serotonin transporter gene with
anxiety, though other studies have been negative (Battaglia
et al., 2005; Katsuragi et al., 1999; Lesch et al., 1996; Naka-
mura et al., 1997). In association studies of COMT genes
in patients with OCD, two studies found an association
in males (Karayiorgou et al., 1997, 1999), one found an

association for females (Alsobrook et al., 2002), and an-
other found no association in any gender (Ohara et al.,
1998). In one study, Samochowiec et al. looked at associa-
tion studies of MAO-A, COMT, and serotonin transporter
genes polymorphisms in patients with anxiety disorders
of the phobic spectrum (Samochowiec et al., 2004).
While there were no significant differences between con-
trols (n � 202) and patients (n � 101) in the allele and
genotype frequencies of the serotonin and COMT gene
polymorphisms, the frequency of �3 repeat alleles of the
MAO-A gene polymorphism was significantly higher in
female patients suffering from anxiety disorders, specifi-
cally panic attacks and generalized anxiety disorder.

NEUROBIOLOGY

Overview: Neurobiological Correlates 
of Anxiety

The prime directive of the human brain is to promote sur-
vival and procreation. When potentially threatening cues
are present in these environments, the brain activates a
complex set of neurophysiological, neuroendocrinological,
and neuroimmunological responses to optimize the sur-
vival of the individual. In humans, activation of these
threat-response systems is accompanied by the subjective
perception of anxiety or fear.

An anxiety-inducing or fear-inducing stimulus generates
sensory information that is transmitted from the peripheral
sensory receptors to the dorsal thalamus. However, sensory
information from the olfactory system is not relayed
through the thalamus and is relayed to the amygdala and
the entorhinal cortex (Turner et al., 1978). Visceral afferent
pathways relay information to the amygdala and locus
ceruleus directly or through the nucleus paragigantocellu-
laris and nucleus tractus solitarius (Elam et al., 1986; Nauta
and Whitlock, 1956; Saper, 1982). The thalamus relays
sensory information to the primary sensory receptive areas
of the cortex. These primary sensory regions project to ad-
jacent cortical association areas. The visual, auditory and
somatosensory cortical association areas send projections
to the amygdala, orbitofrontal cortex, entorhinal cortex,
cingulate gyrus, and other brain structures.

The hippocampus and amygdala are sites of convergent
reciprocal projections form cortical association areas. These
interconnections help a single sensory stimulus such as a
smell, sight, or sound to elicit a specific memory or flash-
back along with symptoms of anxiety and fear (in case the
smell, sight, or sound was associated with a traumatic
event). We examine the possible neurobiological correlates
of anxiety disorders in the following section by considering
the abnormal organization, regulation, or development of
neurobiological systems and subsystems within various
brain regions that appear to be involved in sensing, pro-
cessing, and responding to threat.
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TABLE 14.2
GENETIC STUDIES

Diagnosis/Trait or
Candidate Gene Symptom Results Reference/Lead Authors

5-HTTLPR (promoter Harm Association with S allele (Katsuragi et al., 1999)
region of the serotonin avoidance
transporter gene) Harm avoidance, Association with S allele (Lesch et al., 1996)

neuroticism
Anticipatory worry Linkage with SLC6A4*C, (Mazzanti et al., 1998)

no association
Harm avoidance, No association with S (Nakamura et al., 1997)

neuroticism allele
Harm avoidance, No association with S (Stoltenberg et al., 2002)

neuroticism allele
OCD No association with S (Cavallini et al., 2002)

allele
OCD No association with S (Billett et al., 1997)

allele
Panic No association with S (Deckert et al., 1997)

allele
Panic No association with S (Hamilton et al., 1999)

allele
Social phobia No association with S (Stein et al., 1998)

allele

Catechol-O- GAD No association with COMT (Ohara et al., 1998)
methyltransferase (COMT) allele

OCD Association with low (Karayiorgou et al., 1997)
activity allele, 22q11
microdeletions,
low/low genotype
in males only

OCD Association with low (Karayiorgou et al., 1999)
activity allele in males

OCD Association with the (Alsobrook et al., 2002)
low-activity allele in
females probands
(P � 0.049)

OCD No association with COMT (Ohara et al., 1998)
allele

Panic Association with marker (Hamilton et al., 2002)
D22S944

Panic No association with COMT (Ohara et al., 1998)
allele

Phobia No association with COMT (Ohara et al., 1998)
allele

Monoamine oxidase-A OCD Association with (Karayiorgou et al., 1999)
(MOA-A) MAO-A*297CGG

allele

HTR1B (Serotonin 1B GAD No association with HTR1B (Fehr et al., 2000)
receptor) 861G�C

polymorphism
Panic No association with HTR1B (Fehr et al., 2000)

861G�C polymorphism

5HT1D� OCD No association with a silent (Di Bella et al., 2002)
G-to-C substitution at
nucleotide 861

(continued)
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THREAT-RESPONSE NEUROBIOLOGY IN
THE MATURE CENTRAL NERVOUS
SYSTEM

Reticular Activating System: Arousal 
and Alarm

The reticular activating system is a network of ascending,
arousal-related neural systems in the brain that consists
of locus ceruleus noradrenergic neurons, dorsal raphe
serotonergic neurons, cholinergic neurons from the lateral
dorsal tegmentum, and mesolimbic and mesocortical
dopaminergic neurons, among others. Much of the original
research on arousal, fear, and response to stress and threat
was conducted using various lesion models of the reticular
activating system (Moore and Bloom, 1979). With the ad-
vent of more sophisticated neuropharmacological tech-
niques that allowed precise manipulation and lesioning of
individual neurochemical systems, the concept of the retic-
ular activating system as a functional unit lost popularity.
Recently, however, interest has been rekindled in the retic-
ular activating system as an integrated neurophysiological
system involved in arousal, anxiety, and modulation of
limbic and cortical processing (Munk et al., 1996). Work-
ing together, the brainstem monoamine systems in the
reticular activating system provide the flexible and diverse
functions necessary to modulate the variety of functions re-
sponsible for anxiety regulation.

Locus Coeruleus: Regulation of Arousal
The locus coeruleus is involved in initiating, maintaining,
and mobilizing the total body response to threat (Aston-
Jones et al., 1986). A bilateral grouping of norepinephrine-
containing neurons originating in the pons, the locus
coeruleus sends diverse axonal projections to virtually all
major brain regions and thus functions as a general regulator
of noradrenergic tone and activity (Foote et al., 1983). The

locus coeruleus plays a major role in determining the
“valence,” or value, of incoming sensory information; in
response to novel or potentially threatening information, it
increases its activity (Abercrombie and Jacobs, 1987a,
1987b). The ventral tegmental nucleus also plays a part in
regulating the sympathetic nuclei in the pons/medulla
(Moore and Bloom, 1979). Acute stress results in an increase
in locus coeruleus and ventral tegmental nucleus activity and
the release of catecholamines throughout the brain and the
rest of the body. These brainstem catecholamine systems
(locus coeruleus and ventral tegmental nucleus) play a criti-
cal role in regulating arousal, vigilance, affect, behavioral 
irritability, locomotion, attention, and sleep, as well as the
startle response and the response to stress (Levine et al.,
1990; Morilak et al., 1987a, 1987b, 1987c).

A number of other neurotransmitters and neuropeptides
play a role in modulating locus coeruleus activity, thus in-
fluencing the sensitivity of the threat response. Serotonin
(Adell et al., 1988), enkephalins (Abercrombie and Jacobs,
1988), corticotrophin releasing hormone (CRH) (Butler et
al., 1990), and epinephrine (Perry et al., 1983; Vantini et
al., 1984) all can alter locus coeruleus sensitivity.

Dopaminergic Systems: Sensitization
Dopaminergic systems play a critical role in the response to
threat. In animal models, various stress paradigms have
demonstrated alterations in dopamine metabolism and
dopamine-receptor densities and sensitivity (Kalivas and
Duffy, 1989; Kalivas et al., 1988). Dopaminergic systems
originating in the mesencephalon send projections to key
limbic and cortical areas involved in the afferent and effer-
ent wings of the threat response. These systems are very im-
portant in sensation, perception, and interpretation of
stress-related and threat-related cues.

Studies of psychostimulant-induced and stress-induced
sensitization of dopaminergic systems provide important
clues to the neurophysiological mechanisms that may
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TABLE 14.2 
(continued)

Diagnosis/Trait or
Candidate Gene Symptom Results Reference/Lead Authors

5HTR2A (Serotonin 2A Social phobia No linkage (Stein et al., 1998)
receptor)

Genome Wide Scans Panic Linkage at 7p15, LOD � 2.2 (Crowe et al., 2001)
(469 markers)

Harm avoidance LOD � 3.2, Linkage with (Cloninger et al., 1998)
locus on 8p21–23,
epistasis with 8p21–23
(291 markers studied) (Hanna et al., 2002)

OCD LOD � 2.25 on 9p (349
markers studied)

OCD, obsessive-compulsive disorder; GAD, generalized anxiety disorder.
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underlie the development of a sensitized anxiety response
(Kalivas et al., 1988). Sensitization—an increased sensitiv-
ity to a constant stimulus—occurs in response to specific
patterns of activation of these dopaminergic systems. In
rats (Kleven et al., 1990), primates (Farfel et al., 1992), and
humans (Post et al., 1988), psychostimulants (e.g.,
methamphetamine, cocaine) administered in moderate
dosages can induce dramatic sensitization syndromes that
include agitation, impulsivity, autonomic arousal, and
even seizures (see case example below). Stress can induce
similar sensitization in animal models (Antelman et al.,
1980; Kalivas and Duffy, 1989).

Hypothalamic/Thalamic Nuclei: 
Sensory Integration

Sensory thalamic areas receive input from various afferent
sensory systems, and at this level, “feeling” begins. Although
thalamic nuclei are important in the stress response, these
regions have been studied primarily as way stations that
transmit important arousal information from the reticular
activating system neurons (e.g., locus coeruleus noradren-
ergic neurons) to key limbic, subcortical, and cortical areas
involved in sensory integration and perception of threat-
related information (Castro-Alamancos and Connors,
1996). The neuroendocrinological—and likely neuroim-
munological—afferent and efferent wings of the threat
response are mediated by hypothalamic and other anatom-
ically related nuclei. Animal studies have demonstrated
important roles for various hypothalamic nuclei and hy-
pothalamic neuropeptides in the stress response (Bartanusz
et al., 1993; Miaskowski et al., 1988); (Rosenbaum et al.,
1988), and this suggests that future studies in humans may
demonstrate a key role of hypothalamic nuclei in anxiety
disorders (Young and Lightman, 1992).

Limbic System: Emotion Processing

The central role of the subcortical network of brain struc-
tures in emotion was hypothesized by Papez (Papez,
1937). In 1949, MacLean coined the term limbic system, a
name that integrated Papez’s circuit (hypothalamus, ante-
rior thalamus, cingulate gyrus, and hippocampus) with
other anatomically and functionally related areas (amyg-
dala, septum, orbitofrontal cortex). Over the years, various
regions have been added to or removed from this “emo-
tion”-processing circuit.

Amygdala: Perception of Threat and 
Emotional Memory
The amygdala has emerged as the key brain region respon-
sible for the processing, interpretation, and integration of
emotional functioning (Clugnet and LeDoux, 1990). Just
as the locus coeruleus plays the central role in orchestrating
arousal, the amygdala plays the central role in the brain in
processing afferent and efferent connections related to
emotional functioning (LeDoux et al., 1988; Pavlides et al.,
1993; Phillips and LeDoux, 1992). The amygdala receives
input directly from the sensory thalamus, the hippocampus
(via multiple projections), the entorhinal cortex, and the
sensory association and polymodal sensory association ar-
eas of the cortex as well as from various brainstem arousal
systems via the reticular activating system (Selden et al.,
1991). The amygdala processes and determines the emo-
tional valence of simple sensory input, complex multisen-
sory perceptions, and complex cognitive abstractions, even
responding specifically to complex socially relevant stim-
uli. In turn, the amygdala orchestrates the organism’s re-
sponse to this emotional information by sending projec-
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CASE EXAMPLE: PSYCHOSTIMULANT-INDUCED
PANIC ATTACKS

S., a 16-year-old, was admitted to the emergency room
with diaphoresis, tachycardia, a sense of impending
doom, and profound anxiety. He had no previous history
of psychiatric disorder and denied previous anxiety or
panic attacks. S. described a 4-month history of cocaine
use characterized by binge nasal use. His last binge was 5
days prior to the admission. Since that time, he had been
experiencing an escalating “sensitivity” to stress, with in-
creased irritability and difficulty sleeping. Following an ex-
tensive medical and neuropsychiatric workup, S.’s
episodes were formulated as reflecting a psychostimu-
lant-induced panic disorder related to a sensitizing pat-
tern of cocaine use. After discharge, S. experienced more
panic attacks (approximately two per week) and elected
to pursue recommended outpatient treatment. Successful
drug rehabilitation and pharmacotherapy with a benzodi-
azepine anxiolytic for 6 weeks resulted in disappearance
of the panic attacks.

Sensitization involves a cascade of cellular and molecu-
lar processes that are probably related to longterm potenti-
ation (Brown et al., 1988; Kandel, 1989; Kandel and
Schwartz, 1982; Madison et al., 1991). It has been hypoth-
esized that sensitization of the biogenic amines (nore-
pinephrine, epinephrine, and dopamine) in the reticular
activating system and related systems plays a key role in the
development of seizure disorders (Kalivas et al., 1988), af-
fective disorders (Post, 1992), anxiety disorders (Post et al.,
1988), and PTSD in both adults and children.

Organization of the developing brain occurs in a use-
dependent fashion (see Chapter 1), and this organization
may be affected by hypervigilance or anxiety that is perva-
sive, out of context, and extreme in reaction to neutral
or minor threatening cues (Adell et al., 1988; Konarska
et al., 1989). Therefore, many anxiety syndromes may
reflect a maladaptive generalized activation of the alarm re-
sponse (i.e., a sensitization), with symptoms representing
exaggerations of originally adaptive and appropriate func-
tions; for example, hypervigilance instead of appropriate
prediction and early detection of future danger, and avoid-
ance and reenactment rather than adaptation and survival.
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tions to brain areas involved in motor (behavioral), auto-
nomic nervous system, and neuroendocrine areas of the
CNS (Davis, 1992a, 1992b; LeDoux et al., 1988). In a series
of landmark studies, LeDoux and colleagues demonstrated
the key role of the amygdala in “emotional” memory
(LeDoux et al., 1990). Animals, including humans, store
emotional as well as cognitive information, and the storage
of emotional information is critically important in both
normal and abnormal regulation of anxiety. The site at
which anxiety is perceived is the amygdala (Davis, 1992a).
It is in these limbic areas that the patterns of neuronal ac-
tivity associated with threat—and mediated by the
monoamine neurotransmitter systems of the reticular acti-
vating system—become an emotion.

Hippocampus: Association, Generalization,
and Storage of Threat-Related Cues

A key neuroanatomic region in memory and learning is the
hippocampus. This brain area is involved in the storage of
various kinds of sensory information and is very sensitive
to stress activation (Pavlides et al., 1993; Phillips and
LeDoux, 1992; Sapolsky et al., 1984). The hippocampus
appears to be critical in the storage and recall of cognitive
and emotional memory (Selden et al., 1991). Any emo-
tional state related to arousal or threat may alter hip-
pocampal functioning, changing the efficiency and nature
of hippocampal storage and retrieval. These state-depen-
dent memory and learning functions are vital for under-
standing various clinical aspects of childhood anxiety
disorders. Threat alters the ability of the hippocampus and
connected cortical areas to “store” certain types of cognitive
information (e.g., verbal) but does not affect the storage of
other types (e.g., nonverbal). Many of the cognitive distor-
tions that appear to be associated with the development of
anxiety disorders (e.g., agoraphobia) may be related to
anxiety-related alterations in the “tone” of hippocampal
and cortical association areas.

Neuronal systems are capable of making remarkably
strong associations between paired cues (e.g., the growl of
a tiger and threat). Although associations between patterns
of neuronal activity and specific sensory stimuli occur in
many brain areas, the most complex associations involving
the integration of multiple sensory modalities are made in
the more complex brain areas (i.e., the amygdala and cor-
tex). Under ideal conditions, this threat-response capacity
for association allows rapid identification of threat-related
sensory information in the environment, enabling the or-
ganism to act quickly to protect its own survival. Yet this re-
markable capacity of the brain to generalize from a specific
event renders humans vulnerable to the development of
false associations and overgeneralizations from specific
threat situations to other nonthreatening situations.

In anxiety disorders, specific complex cues (e.g., snakes)
may become linked with limbic-mediated emotions
(e.g., anxiety). Limbic activation may result from cortically

mediated images (e.g., interpreting a specific event as poten-
tially threatening or imagining a specific fear-inducing object
such as a snake). Once these limbic areas have been acti-
vated, however, it is the sensitivity of the individual’s stress-
response systems that determines whether the afferent and
efferent wings of the alarm response will be activated.

Cortical Systems: Interpretation of Threat

The quality and intensity of any emotional response, in-
cluding anxiety, depend on subjective interpretation or
cognitive appraisal of the specific situation eliciting the
response (Maunsell, 1995; Singer, 1995). Most theories
addressing the etiology of anxiety disorders focus on the
process by which stimuli are “mislabeled” as being “threat”
related, thereby inducing a fear response and anxiety in
situations where no true threat exists. How individuals
“cortically interpret” the limbic-mediated activity (i.e.,
their internal state) associated with arousal plays a major
role in their subjective sense of anxiety (Gorman et al.,
1989). Klüver-Bucy syndrome, which results from damage
to or surgical ablation of the temporal lobes, is character-
ized by absence of fear in response to current and previ-
ously threatening cues (Kluver and Bucy, 1937). The
general disinhibition characteristic of this syndrome
suggests a loss of the capacity to recall cortically stored
information related to previous threat or to efficiently store
threat-related cues from new experience.

Other areas of the cortex play a role in threat. Primary
among these are the multimodal association areas, which
have direct connections to the amygdala. Important neuro-
transmitters in cortical as well as other regions involved in
threat are gamma-aminobutyric acid (GABA) and glycine.
The capacity of benzodiazepines to alter arousal and sensi-
tivity to threat has long been known. Benzodiazepines
target the GABA receptor complexes. Although GABA bind-
ing sites are ubiquitous in the CNS, the specific brain site at
which the benzodiazepines exert their therapeutic effects is
unknown. It is likely that the therapeutic effects of these
agents are the result of action in multiple areas of the brain,
including the cortex.
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CASE EXAMPLE: ANXIETY AFTER FRONTAL 
LOBE DAMAGE

X., an 8-year-old boy, presented to a neuropsychiatric
clinic 8 months after a car accident in which he suffered a
traumatic head injury. He had sustained significant fron-
totemporal injury with resulting loss of fluent speech and
of motor and complex integrated sensory processing ca-
pabilities. Rehabilitative progress was being impeded by
symptoms of profound anxiety, unwillingness to travel to
the hospital for rehabilitation services, and a combative
and “frightened animal”–like reaction when X. was forced
to leave the house. All novel situations appeared to trig-
ger his fearful, regressive, and combative tantrums. Once
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Neuropeptides

Hormonal signals affect heterogeneous corticosteroid nu-
clear receptors; that is, type 1 (mineralocorticoid) or type 2
(glucocorticoid) in the hypothalamic-pituitary-adrenal
(HPA) axis. Stressful life events such as isolation increase
HPA axis activity (McEwen, 2001). The hippocampus,
amygdala, and mPFC are limbic structures that are targets
for and also modulate adrenal steroids. Glucocorticoids
can result in neurotoxic damage to the hippocampus with
suppression of neurogenesis (McEwen, 2001; Sapolsky,
2000). Exposure to stress results in release of corti-
cotrophin releasing hormone (CRH), adrenocorticotropic
hormone (ACTH), and cortisol via activation of the HPA
axis. During periods of stress there is partial resistance to
feedback inhibition of cortisol release and increase in
plasma cortisol levels, in addition to a decrease in gluco-
corticoid receptors (Sapolsky and Plotsky, 1990). Gluco-
corticoid receptors are present in the brain in high density
in areas relevant to stress and anxiety such as the hypotha-
lamus, hippocampus, serotonergic, and noradrenergic cell
bodies on both eneurons and glia. Based on animal stud-
ies, mineralocorticoid expression is high in limbic regions
such as hippocampus, septum, and amygdala (Reul and de
Kloet, 1985; Veldhuis and de Kloet, 1982). Animal studies
suggest that stress experienced during critical years of
development can have long-lasting effects on HPA axis.
For instance, rats that experience in utero stress or early
maternal deprivation have increased corticosterone con-
centrations when exposed to stress. Early postnatal stress 
is associated with changes in basal concentrations of
hypothalamic CRH, mRNA, hippocampal glucocorticoid
receptor mRNA, and median eminence CRH, in addition to
the stress-induced CRH, cortocosterone, and ACTH release
(Levine et al., 1993a, 1993b; Stanton et al., 1988). Adults
with PTSD and nonhuman primates with early adverse
experiences have elevated CRH concentrations and
decreased cortisol levels in the cerebrospinal fluid (Coplan
et al., 1996).

The CRH1 and CRH2 receptors have a reciprocal role
in anxiety and stress (Koob and Heinrichs, 1999).
While CRH1-deficient mice exhibit diminished anxiety
related behaviors, CRH2-deficient mice have heightened
anxiety (Bale et al., 2000; Smith et al., 1998; Timpl et
al., 1998).

Cholecystokinin (CCK) is an octapeptide that has been
implicated in anxiety as well. It is found in high concentra-
tions in the cerebral cortex, amygdala, and hippocampus in
mammals (Woodruff et al., 1991). Studies in healthy
human subjects suggest that CCK induces anxiety and
panic, which can be reduced by lorazepam (de Montigny,
1989). In addition, CCK antagonists seem to have an anxi-
olytic effect (Bradwejn, 1992).

Neuropeptide Y is another neuropeptide which when
administered intraventricularly has anxiolytic effects
(Heilig et al., 1989). Thus, disturbance in its regulation
may be involved in pathophysiology of anxiety disorders
(Heilig et al., 1994).

Perinatal Factors

At birth, infants are capable of exhibiting distress (anxiety)
when exposed to loud noises, pain, heights, and strangers
(Ball and Tronick, 1971; Bronson, 1972). While it is unwise
to presume that what they are feeling is anxiety, it is cer-
tainly reasonable to hypothesize that they are experiencing
subjective sensations of distress. Distress may be due to
feeling cold, having low blood sugar, or hearing loud
noises. Any simple set of sensory cues, internal or external,
that threatens the integrity of the organism can activate the
threat-response apparatus in infants.

A variety of in utero experiences may influence the sen-
sitivity of the threat-response neurobiology in children. For
example, prenatal exposure to psychoactive drugs may dis-
rupt normal development of the brainstem catecholamines
(Perry, 1988). In animal models, prenatal and perinatal
stress can cause altered development of hippocampal orga-
nization and the hypothalamic-pituitary-adrenal axis (Plot-
sky and Meaney, 1993; Shors et al., 1990).

Whether temperament is related to genetic or to in-
trauterine factors is unknown. As is true of all complex
human behavioral phenomena, it is likely that tempera-
ment is the result of a combination of genetic and
intrauterine factors and that there is significant individual
variation as to which factors are primary.

Developmental Experience

Whereas the brainstem nuclei essential in the reticular acti-
vating system and the threat response are intact at birth,
thalamic, limbic, and cortical systems are not yet fully
developed and organized. The human brain develops se-
quentially, organizing in a use-dependent fashion and
altering neuronal migration, differentiation, synaptogene-
sis, apoptosis, and other processes of neurophysiological
organization in response to a host of external molecular
cues (e.g., nerve growth factor, cellular adhesion molecules,
pattern, and quantity of neurotransmitter receptor stimula-
tion) (Thoenen, 1995). Therefore, as the child matures,
limbic (emotional) and cortical (cognitive) development is
very experience sensitive. What is different in the young
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an episode started, it was nearly impossible to stop, and
it took almost a whole day for him to calm down and re-
turn to his baseline state.

After extensive neuropsychiatric evaluation, X.’s
episodes were conceptualized as being fear equivalents
complicated by—and related to—(1) difficulty in process-
ing complex, novel stimuli and (2) failure of previously in-
tact cortical modulatory mechanisms to contain his arousal
and impulsivity once they were activated.
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child compared with the adult may not be the subjective
emotion related to the threat so much as the response of
the still-developing CNS to the internal state of distress
(Perry and Pollard, 1998) and the capacity of the immature
cortex to make complex interpretations of the associations
between paired stimuli (Singer, 1995).

Response to Threat
The immature threat-response systems have developmen-
tally appropriate precursors of the mature systems but are
quite sensitive to experience. Because the brain organizes
and develops in a “use-dependent” manner (Perry and Pol-
lard, 1998), the presence and pattern of threat experienced
during childhood play a major role in determining the sen-
sitivity and final organization of the individual’s threat-
response apparatus. Thus, children who are exposed to
traumatic experiences develop anxiety-regulation problems
with remarkable consistency (Perry and Pollard, 1998).

The classic adult response to impending threat is fight or
flight (Cannon, 1914). Clearly, infants are incapable of ef-
fectively fighting or fleeing. Therefore, in response to the
same internal state of anxiety and sense of impending
doom experienced by the adult, infants will display a dif-
ferent behavior set; they will cry and thrash, and if these are
unsuccessful in eliciting a response from the caregiver, they
will typically use a very primitive adaptive response com-
parable to the defeat reaction observed in animals that are
subjected to inescapable stress (Henry et al., 1986). When
they are extremely anxious, infants and young children typ-
ically freeze and may dissociate as opposed to fighting or
fleeing (Perry and Pollard, 1998). As children get older,
their actions and reactions begin to change (although they
may experience the same subjective sensation of anxiety
that they did when younger), demonstrating a more “adult-
like” efferent wing of the threat response.

Use-Dependent Development
Before developing a mature internal stress-response capacity,
the infant has an external stress-response apparatus, the 
primary caregiver (Bowlby, 1982; Erickson et al., 1985).
When feeling internal distress associated with hunger, cold,
or fear, the infant cries and the parent responds. If the care-
giver responds in a reliable and consistent manner, there 
occurs over time a “building in” of the neurobiology that 
allows the infant to carry around, or internalize, what once
was an external stress-response capacity (Bowlby, 1969).

Abnormal stress-response capacities and anxiety result
when there are anomalies in these early experiences (Lee
and Bates, 1985; Schneider-Rosen et al., 1985). These ex-
periences may involve inconsistent or absent soothing by
a caretaker or persistent “overmothering”, a situation in
which a child’s behavior is excessively restricted (allegedly
for the child’s own protection), such that he or she never
has the opportunity to build in and organize (in a use-
dependent way) a healthy stress-response apparatus.
When such a child reaches school age, he or she has the

stress-response apparatus of a much younger child. This
mismatch between the developmental maturity of the
stress response and the increasing demands of the child’s
environment can lead to significant school-based anxiety.

As children get older, they develop fears in reaction to
specific situations and objects. These fears are common, and
some may even involve genetic “fixed-action” patterns de-
veloped over eons of evolution (e.g., fear of snakes or of
dogs). Most of these specific fears, however, are related to the
paired (or mispaired) internalization of cues with anxiety
from previous experience. During infancy and childhood,
children mirror their caretakers’ responses when interpreting
internal states of pain, arousal, or anxiety (Ainsworth, 1969;
Bowlby, 1969). The child who falls on the playground and
hurts her knee will look over to her father to see how to in-
terpret her internal state. She can receive either a calm, reas-
suring look or an anxious, frightened response. Over time,
then, the child will come to label a host of external cues as
potentially threatening and certain internal sensations as
fearful. This labeling process has been hypothesized to be an
etiology of specific phobias and generalized anxiety disor-
ders in children. Another illustration of these principles is
seen in the offspring of adults with PTSD; such children
often develop PTSD-like symptoms in response to the same
cues that trigger PTSD symptoms in their parents.

CLINICAL IMPLICATIONS

Conceptualizing Anxiety as Related to the
Neurobiology of Threat

Diverse areas of brain appear to be involved in the response
to threat. For example, the subjective symptom of anxiety
may result from either cortically-originated signals (e.g., a
thought) or brainstem-originated signals (e.g., tachycardia,
hypoxia). In each of these situations, a different primary
pathophysiology can produce the same subjective sense of
anxiety. The specific phenomenology and treatment issues
associated with anxiety disorders and anxiety symptoms in
other neuropsychiatric disorders reflect this diverse patho-
physiology. The current classifications of childhood anxi-
ety disorders depend on the phenotypic manifestations of
emotional and behavioral functioning. Similar phenotypic
manifestations, however, are likely to result from a variety
of etiologies. The anxiety that manifests as the predomi-
nant symptom in any given disorder may be related to dys-
regulation within any of the key threat-response systems
previously described or any combination of these systems.
In addition, the principal “deficit” in any given system
(e.g., locus coeruleus) may be attributable to dysfunction
within any single neurobiological process or combination
of processes (e.g., altered adrenergic receptor/effector cou-
pling, abnormal neurotransmitter reuptake or release, inef-
ficiencies in membrane transduction). Clearly, complex
neurobiology underlies anxiety regulation.
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ASSESSMENT AND TREATMENT

The assessment of anxiety in children and adolescents is
based on a thorough neuropsychiatric history and exami-
nation. Semistructured interviews are usually used in
research settings for diagnosis such as the Anxiety Disorders
Interview for Children (Silverman and Nelles, 1988), the
Schedule for Affective Disorder and Schizophrenia for
School-Age Children (K-SADS) (Kaufman et al., 1997), and
the Diagnostic Interview for Children and Adolescents
(Welner et al., 1987). A thorough diagnostic interview is
usually sufficient in a clinical setting to confirm a diagnosis
of anxiety disorders. Anxiety disorders should be consid-
ered in cases (even though anxiety may not be the primary
complaint) with recurrent complaints of gastrointestinal
symptoms, headaches, especially if these tend to resolve on
weekends or vacations and present in anticipation of an
anxiety-provoking stimulus. Frequent primary care visits
for a variety of somatic complaints could also be a mani-
festation of anxiety disorders (Beidel et al., 1991). Inatten-
tiveness in school could be secondary to anxiety, as anxious
children can be preoccupied with anxiety provoking
cognitions and appear distractible. It is also important to
evaluate the intensity of symptoms, whether they cause
functional impairment and evaluate their existence in a
number of different contexts such as school or social gath-
erings. In addition, it is important to take a good history of
concomitant medications as some medications may induce
anxiety symptoms, such as St. John’s wort, ephedra prepa-
rations, caffeine containing preparations, sympathomimet-
ics, and asthma medicines.

A family history of anxiety disorders can assist with clin-
ical diagnosis. In addition, it is helpful to ascertain the fam-
ily history of response to treatment interventions as this has
the potential to inform treatment.

Children often are not good historians; therefore, it is
important to interview caregivers separately in addition to
interviewing the patient in a developmentally sensitive
manner. Young children can convey with gestures whether
anxiety is a great big problem or a little problem. Older
children can use a scale of 0 to 10 with 0 being never wor-
ried and 10 being intense fear or worry about many things.
Children respond well to questions asking whether they
worry or are fearful of things more than other kids. Chil-
dren and parental ratings of each symptom (on a scale of 
1 to 10) and examples of functional impairment (hours of
rituals, missing school, avoidance of parties) can be written
down at each visit to monitor progress. Patient rated,
subjective scales such as the Supervised Children Manifest
Anxiety Scale (Reynolds and Richmond, 1997) and the
Multi-Dimensional Anxiety Scale (MASC) (March et al.,
1997) can also be used to monitor progress. Clinician rated
instruments that have utility in clinical and research set-
tings include the Hamilton Anxiety Rating Scale (HAM-
A)(Hamilton, 1959), the Children’s Yale Brown Obsessive
Compulsive Scale (CY-BOCS) (Scahill et al., 1997), and the

Screen for Child Anxiety Related Emotional Disorders
(SCARED) (Birmaher et al., 1999).

Laboratory studies are obtained only if indicated by the
history or examination. Thyroid screening (thyroid stimu-
lating hormone levels) should be considered, unless anxi-
ety symptoms are clearly contextual, such as in specific
phobia or social phobia. Neuroimaging studies are not
used for diagnostics because of poor sensitivity and speci-
ficity in anxiety disorders.

Among the most effective treatments of childhood anxi-
ety disorders are cognitive-behavioral interventions (CBT)
(Compton et al., 2004; Pediatric OCD Treatment Study
(POTS) Team, 2004). CBT includes a diverse collection of
complex interventions including cognitive restructuring
and exposure-based interventions that promote habituation
or extinction of inappropriate fears (Graziano et al., 1979).
CBT also emphasizes psychoeducation as it can enhance
compliance, family participation, and treatment success. In-
formation resources for families are provided in Table 14.3.
CBT also fits well into the current medical practice environ-
ment that encourages and values empirically supported,
brief, problem-focused treatments.

The practice parameters for the assessment and treatment
of pediatric anxiety disorders developed by the American
Academy of Child and Adolescent Psychiatry recommend
that pharmacotherapy should not be used as the sole inter-
vention but as an adjunct to behavioral or psychotherapeu-
tic interventions (Bernstein and Shaw, 1997). This is
because of persuasive empirical support for CBT and the be-
lief that benefits from CBT may be more enduring than
pharmacotherapy (Bernstein and Shaw, 1997). Though
these parameters were published in 1997, this treatment
approach has been supported by subsequent comparative
research where CBT appears at least as effective as pharma-
cotherapy (Pediatric OCD Treatment Study (POTS) Team,
2004). In addition, concerns about safety of antidepressants
make CBT the first-line intervention (Newman, 2004).
Utilization of pharmacotherapy is recommended when
there is inadequate improvement with CBT (Bernstein and
Shaw, 1997).

Although, data supporting the efficacy of anxiolytic
pharmacotherapy in children are limited, progress has
been made with publication of large multisite controlled
trials using selective serotonin reuptake inhibitors (SSRIs).
SSRIs are the first-line pharmacological interventions for
pediatric anxiety disorders. Table 14.4 presents an overview
of SSRIs.

The first large pediatric OCD trial utilized fluvoxamine,
an SSRI, in a controlled trial of 120 subjects, ages 8 to 17
years (Riddle et al., 2001). This double-blind, placebo-
controlled study utilized 10 weeks of core treatment,
followed by a 1-year extension phase. The average daily
dose of fluvoxamine was approximately 150 mg/d, and the
dose range was between 50 and 200 mg/d. Significant
improvement of OCD symptoms began at week 1 and con-
tinued over the course of the study. Improvement was
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noted on three outcome measures: the Children’s Yale-
Brown Obsessive-Compulsive Scale (CY-BOCS), the Na-
tional Institute of Mental Health Obsessive-Compulsive
Scale (NIMH-OCS), and the Clinical Global Impressions-
Improvement Scale (CGI). Fluvoxamine was well tolerated
and few subjects dropped out due to lack of efficacy (9%)
or untoward effects (3%). These data resulted in an FDA in-
dication for fluvoxamine for treatment of OCD in children
and adolescents ages 8 to 17 years old. This trial was fol-
lowed by another large controlled SSRI trial for OCD was a
sertraline study of 187 children and adolescents, ages 6 to
17 years old (March et al., 1998). Patients were treated with
sertraline during a 4-week titration up to 200 mg/d, fol-
lowed by 8 weeks at a stable dose. Significant differences
between sertraline and placebo emerged at week 3 and per-
sisted for the duration of the study. In intent-to-treat anal-
yses, patients treated with sertraline showed significantly
greater improvement than did placebo-treated patients on
the CY-BOCS (adjusted mean, �6.8 versus �3.4, respec-
tively; P � .005), the NIMH OCS (�2.2 versus �1.3,

respectively; P � .02), and the CGI-I (2.7 versus 3.3, re-
spectively; P � .002) scales. Significant differences in effi-
cacy between sertraline and placebo emerged as early as 3
weeks and persisted for the duration of the study. These
data earned an Federal Drug Administration (FDA) indica-
tion for sertraline treatment of OCD in children and ado-
lescents ages 6 to 17 years old. This study was followed up
by a randomized controlled trial of sertraline, cognitive be-
havioral psychotherapy (CBT), and a combination of CBT
and sertraline in 112 children and adolescents diagnosed
with OCD (Pediatric OCD Treatment Study [POTS] Team,
2004). Intent-to-treat random regression analyses indi-
cated a statistically significant advantage for sertraline
alone (P � .007), and combined treatment (P � .001)
compared with placebo. Combined treatment also proved
superior to CBT alone (P � .008) and to sertraline alone 
(P � .006), which did not differ from each other. The rate
of clinical remission for combined treatment was 53.6%
(95% confidence interval [CI], 36% to 0%); and for sertra-
line alone.
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TABLE 14.3
RESOURCES FOR FAMILIES AND PATIENTS

Books

Helping Your Anxious Child: A Step-by-Step Guide for Parents by Ronald M. Rapee (Editor), New Harbinger Publications
Your Anxious Child: How Parents and Teachers Can Relieve Anxiety in Children by John S. Dacey, Lisa B. Fiore, Jossey-Bass
The OCD Workbook: Your Guide to Breaking Free From Obsessive-Compulsive Disorder by Bruce M. Hyman PhD, Cherry Pedrick RN, 

New Harbinger Publications
Freeing Your Child from Obsessive-Compulsive Disorder : A Powerful, Practical Program for Parents of Children and Adolescents by 

Tamar E. Chansky, Three Rivers Press

Support Organizations and Their Web Sites

www.ocfoundation.org (Obsessive Compulsive Foundation)
www.nimh.nih.gov/publicat/anxiety.cfm (National Institute of Mental Health)
www.athealth.com/consumer/newsletter (Athealth.com is a provider of Mental Health Information)
www.nmha.org/children (National Mental Health Association)
www.nami.org (National Alliance for the Mentally Ill)
www.adaa.org (Anxiety Disorders Association of America)

TABLE 14.4
SELECTIVE SEROTONIN REUPTAKE INHIBITORS

FDA Pediatric 
Agent Labeling Clinical Use Dose-Mg/d Schedule Adverse Effects

Fluoxetine OCD (7–17 years) OCD, GAD, SP, 5–60 QD Suicidality, irritability, insomnia
SAD, PD akathesia, GI disturbance

Paroxetine N/A 10–30 QD Headache
Sertraline �6 years for OCD 25–200 QD Rash, fluelike symptoms on rapid 

discontinuation, CYP inhibition
Fluvoxamine �8 years for OCD 12.5–200 QD
Citalopram N/A 10–40 QD
Escitalopram N/A 5–30 QD

OCD, obsessive-compulsive disorder; GAD, generalized anxiety disorder; SP, social phobia; SAD, separation anxiety disorder; PD, panic disorder.
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Rosenberg et al. utilized paroxetine (10 to 20 mg) in a
12-week, open-label trial with 20 patients diagnosed with
OCD, ages 8 to 17 years. Paroxetine was effective in this
small sample as mean CY-BOCS scores decreased signifi-
cantly (z � 3.49, P � .0005) from 30.6 �/� 3.5 to 21.6
�/� 6.8. Another psychotropic agent with controlled
safety and efficacy data for pediatric OCD is clomipramine
(DeVeaugh-Geiss et al., 1992; Flament et al., 1985; Leonard
et al., 1989), a tricyclic antidepressant with potent sero-
tonin (5-HT) reuptake inhibitor and noradrenergic activity.
DeVeaugh-Geiss et al. enrolled 60 children, ages 10 to 17
years old and diagnosed with OCD, and demonstrated sig-
nificant improvements in OCD symptoms (DeVeaugh-
Geiss et al., 1992). The side effects from clomipramine were
those seen typically with tricyclic antidepressant such as
tachycardia, decreased systolic blood pressure, dry mouth,
somnolence, dizziness, fatigue, tremor, and constipation.
In a meta-analysis, Geller et al. demonstrated that
clomipramine was statistically superior to SSRIs in reduc-
ing OCD symptoms but did not recommend it as a first-
line treatment due to its side effect profile (Geller et al.,
2003). The SSRIs examined in this meta-analysis had
equivalent efficacy in this population (Geller et al., 2003).

Data are also emerging on the efficacy of SSRIs in anxi-
ety disorders such as social phobia (SP), separation anxiety
disorder (SAD), and generalized anxiety disorder (GAD).
However, no pharmaceutical agent is currently approved
by the FDA for treatment of these disorders in children and
adolescents. The Research Unit on Pediatric Psychophar-
macology Anxiety Study Group (RUPP, 2001) studied 128
children who were 6 to 17 years of age; who met the criteria
for social phobia, separation anxiety disorder, or general-
ized anxiety disorder; and who had received psychological
treatment for three weeks without improvement. The chil-
dren were randomly assigned to receive fluvoxamine (at a
maximum of 300 mg per day) or placebo for 8 weeks.
Subjects in the fluvoxamine group had a mean (�/�SD)
decrease of 9.7�/�6.9 points in symptoms of anxiety on
the Pediatric Anxiety Rating Scale (range of possible scores,
0 to 25, with higher scores indicating greater anxiety), as
compared with a decrease of 3.1�/�4.8 points among
children in the placebo group (P � 0.001). On the Clinical
Global Impressions-Improvement scale, 48 of 63 children
in the fluvoxamine group (76%) responded to the treat-
ment, as indicated by a score of less than 4, as compared
with 19 of 65 children in the placebo group (29%, P �

0.001) (RUPP, 2001).
Birmaher et al. evaluated the efficacy of fluoxetine for

the acute treatment of pediatric GAD, SAD, or SP by
randomizing youths (7 to 17 years old) who had signifi-
cant functional impairment due to the above diagnoses to
fluoxetine (20 mg/day) (n � 37) or placebo (n � 37) for
12 weeks (Birmaher et al., 2003). Using intent-to-treat
analysis, 61% of patients taking fluoxetine and 35% taking
placebo showed much to very much improvement. Youths
with social phobia and generalized anxiety disorder

responded better to fluoxetine than placebo, but only
social phobia moderated the clinical and functional re-
sponse. Severity of the anxiety at intake and positive family
history for anxiety was a predictor of poorer functioning at
the end of the study (Birmaher et al., 2003).

In a multicenter, 16-week, randomized, double-blind,
placebo-controlled trial with flexible-dose paroxetine,
Wagner et al. enrolled 322 children (8 to 11 years of age)
and adolescents (12 to 17 years of age) with social anxiety
disorder as their predominant psychiatric illness (Wagner
et al., 2004). Patients were randomized to receive paroxe-
tine (10 to 50 mg/d) or placebo. At the week 16 last obser-
vation carried forward end point, the odds of responding
(Clinical Global Impression-Improvement score of 1 or 2)
were statistically significantly greater for paroxetine (77.6%
response than for placebo 38.3% response [59/154]; ad-
justed odds ratio, 7.02; 95% confidence interval, 4.07 to
12.11; P � 001). The proportion of patients who were “very
much” improved (Clinical Global Impression-Improve-
ment score of 1) was 47.8% (77/161) for paroxetine com-
pared with 14.9% (23/154) for placebo.

Based on these data, SSRIs are a useful intervention for
pediatric anxiety disorder. While prescribing SSRIs, it
would be prudent to weigh the risks against the benefits of
prescribing these agents. SSRIs may produce stomachache,
nausea, vomiting, diarrhea, and anorexia (Birmaher et al.,
2003; Scharko, 2004). According to a joint advisory
committee for the Food and Drug Administration, antide-
pressants can increase the risk of suicidal behavior in the
pediatric age group. On September 14, 2004, the advisory
committee voted in favor of a “black box warning” stating
the risk of suicidality with antidepressants in acute treat-
ment trials. This warning was based on a pooled analysis of
short-term (4 to 16 weeks) placebo-controlled trials of nine
antidepressant drugs (SSRIs and others) in children and
adolescents with MDD and other anxiety disorders includ-
ing OCD. This analysis included 24 trials with approxi-
mately 4,400 patients, and it revealed a greater risk of
adverse events representing suicidal thinking or behavior
(suicidality) across all antidepressants and almost all trials
during the first few months of treatment in those receiving
antidepressants. The average risk of such events on drug
was 4%, twice the placebo risk of 2%. No suicides occurred
in these trials.

FUTURE DIRECTIONS

The completion of a working draft of the human genome
sequence promises to provide unprecedented opportuni-
ties to explore the genetic basis of individual differences in
anxiety disorders, in addition to vulnerability to fear and
anxiety (Hariri and Weinberger, 2003). Functional neu-
roimaging, because of its unique ability to assay informa-
tion processing at the level of brain, will be a powerful
approach that will supplement functional genomics.
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Published fMRI studies are already beginning to estab-
lished important physiological links between functional
genetic polymorphisms and differences in information
processing within specific brain regions (Hariri et al.,
2005). Further utilization of such technical advancements
is likely to improve understanding of the biological basis of
anxiety disorders, which could lead to novel and more 
effective treatments for these disorders. Since the mid-
1990s, results of several large clinical trials have been pub-
lished or presented in scientific conferences. These trials
demonstrate that often the best available treatments fail to
produce full symptom remission. Therefore advancement
in scientific knowledge is sorely needed to aid development
of new and better treatments.
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There has been increasing awareness of the prevalence of
anorexia nervosa and bulimia nervosa and of the need for
intensified clinical investigation of the pathophysiology of
these neuropsychiatric disorders. Much has been learned
regarding etiological factors and new treatment ap-
proaches. For both anorexia nervosa and bulimia nervosa,
distinguishing clinical features involve abnormalities in
eating patterns, with related alterations in perceptions re-
garding body weight and appearance. In this chapter, we
provide a clinical overview of these disorders from a neu-
ropsychiatric perspective.

NEUROBIOLOGY OF EATING BEHAVIOR

Patterns of ingestive behavior result from a complex inter-
action of neurobiological substrate with social, cultural,
and psychological influences. Neurochemicals that influ-
ence eating behavior include a wide range of endogenous
central nervous system (CNS) monoamine neurotransmit-
ters, neuropeptides, and hormones. For many of these
chemical messengers, neuronal receptors mediating effects
on eating behavior are localized in the hypothalamus.
Thus, lesions of the hypothalamus may disrupt normal pat-
terns of eating behavior.

Laboratory methods have been developed to identify se-
lective effects of endogenous neurochemical pathways on
hunger, satiety, and food preferences (1, 2). Important vari-
ables for describing eating patterns include meal size, rate
of food intake during initial and later phases of the meal,
interval between meals, and timing of meals over the
course of the day. Hunger is associated with initiation of
eating and a rapid initial rate of food ingestion. Satiety 

reflects the slowing of food intake that normally takes place
during a meal, with subsequent termination of the meal.
Eating patterns are influenced by palatability of the meal
and food reward (i.e., the feeling of pleasure associated
with a meal). These characteristics can be assessed by eval-
uating food selection, including relative preferences for
protein, carbohydrate, and fat.

The influence of the monoamine neurotransmitters on
eating behavior has been studied in detail (3). Serotonergic
pathways arising from cell bodies in the raphe nuclei and ter-
minating in the medial basal hypothalamus contribute to
postingestive satiety (4). Thus, serotonin (5-hydroxy-
tryptamine [5-HT]) antagonists increase food intake, as do
drugs that inhibit serotonin release by stimulating inhibitory
5-HT1A somatodendritic autoreceptors. Pharmacological
studies, and observations in mutant mice (5), suggest that
postsynaptic 5-HT2 receptors are particularly important in
the satiety produced by serotonergic drugs. Clinically, sero-
tonin-active medications (e.g., sibutramine) have been used
to facilitate weight loss in the treatment of obesity (6).

The catecholamines act at several sites in the CNS to in-
fluence food intake. In the paraventricular nucleus of the
hypothalamus, norepinephrine acts at �2-adrenoceptors to
augment feeding behavior (7). Systemic administration of
noradrenergic drugs is typically associated with decreased
food intake, however, reflecting activation of �- and �1-
adrenoceptors (3). Research in rodents suggests that 
�3-adrenoceptor agonists may facilitate weight loss by in-
creasing energy metabolism in peripheral fat stores (8).
Dopamine acts at receptors in the lateral hypothalamus to
suppress food intake (7), while dopamine release in meso-
limbic pathways appears to contribute to the hedonic/
reward responses that sustain food intake (9).

A wide range of hypothalamic neuropeptides, gut-
related peptides, and adipokines are active in modulating
food intake, and may play a role in symptom patterns in
the eating disorders (Table 15.1) (10). Interest has focused
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on the role of neuropeptide Y, galanin and ghrelin in in-
creasing food intake, and on the effects of cholecystokinin
(CCK), corticotrophin-releasing hormone (CRH), and the
melanocortins in terminating feeding behavior (11, 12).
Additional research is needed to map the interactions
among the neurochemical regulators of eating behavior.
For example, studies have shown that serotonin interacts
with CCK and melanocortin pathways in postingestive 
satiety (13, 14).

Body weight regulation reflects a balance between en-
ergy intake and energy expenditure. The major components
of energy expenditure include resting metabolic rate, phys-
ical activity, and the thermic effect of food. The sympathetic
nervous system and the hypothalamic-pituitary-thyroid
axis modulate metabolic rate. Research has shown that lep-
tin, the protein product of the obese gene, is important in
body weight regulation. Defects in leptin function have
been implicated in several rodent models of obesity (15,
16). In that leptin may act at specific hypothalamic recep-
tors to decrease eating behavior, the leptin system provides
a potential target site for new pharmacological agents for
the treatment of eating disorders and obesity.

ANOREXIA NERVOSA

Diagnostic Features

Anorexia nervosa is an eating disorder characterized by 
“refusal to maintain body weight at or above a minimally
normal weight for age and height” (Table 15.2). Addi-
tional criteria for the diagnosis of anorexia nervosa 
include intense fear of excessive weight gain, markedly 
abnormal attitudes and perceptions regarding body shape
and weight, and amenorrhea (in postmenarcheal
women). In DSM-IV (17), anorexia nervosa is designated
as “binge-eating/purging type” or “restricting type,” based
on presence or absence of regular binge–purge behaviors.
There is relatively limited information regarding physio-
logical or neuropsychiatric differences between “binge-
eating/purging” and “restricting” subtypes of anorexic pa-
tients, although the latter group may gain weight more
slowly during initial treatment and may have a lower rate
of recovery (18, 19). Clinical and family studies in indi-
viduals with anorexia nervosa have shown significant co-
occurrence of several Axis I disorders, particularly major
depression and anxiety disorders (20). Studies of eating
behavior in patients with anorexia nervosa have demon-
strated a variety of patterns in premeal and postprandial
hunger and satiety (21). In general, eating patterns in pa-
tients with this disorder do not appear to reflect loss of
appetite or abnormality in taste perception.

Epidemiology and Etiology

Epidemiological studies indicate that the prevalence of
anorexia nervosa is approximately 0.2 to 0.5% among ado-
lescent and young adult females, with a lifetime prevalence
rate of 0.5 to 3.7% (22–25). The clinical syndrome 
of anorexia nervosa has been recognized in the medical 
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TABLE 15.1
NEUROTRANSMITTERS, NEUROPEPTIDES, AND
ADIPOCYTOKINES COMMONLY ASSOCIATED
WITH ALTERED EATING PATTERNS

Increased Food Intake Decreased Food Intake

Neuropeptide Y Serotonin
Ghrelin Cholecystokinin
Opioid peptides Leptin
Galanin alpha-Melanocyte stimulating

hormone
Orexins Corticotrophin-releasing hormone

TABLE 15.2
DSM-IV DIAGNOSTIC CRITERIA FOR ANOREXIA NERVOSA

A. Refusal to maintain body weight at or above a minimally normal weight for age and height (e.g., weight loss leading to maintenance of
body weight less than 85% of that expected or failure to make expected weight gain during period of growth, leading to body weight
less than 85% of that expected).

B. Intense fear of gaining weight or becoming fat, even though underweight.
C. Disturbance in the way in which one’s body weight or shape is experienced, undue influence of body shape and weight on self-evaluation,

or denial of the seriousness of current low body weight.
D. In postmenarcheal females, amenorrhea—that is, the absence of at least three consecutive menstrual cycles. (A woman is considered to

have amenorrhea if her periods occur only following hormone, e.g., estrogen, administration.)

Specify Type

Restricting Type: During the episode of anorexia nervosa, the person has not regularly engaged in binge-eating or purging behavior 
(i.e., self-induced vomiting or the misuse of laxatives, diuretics, or enemas).

Binge-Eating/Purging Type: During the current episode of anorexia nervosa, the person has regularly engaged in binge-eating or purging
behavior (i.e., self-induced vomiting or the misuse of laxatives, diuretics or enemas).

Source: Reprinted with permission from the Diagnostic and Statistical Manual of Mental
Disorders, 4th ed., Text Revision. Copyright 2000. American Psychiatric Association.
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literature since the nineteenth century (26). Although some
studies have suggested that the prevalence of the disorder
has increased in recent decades, this has not been a consis-
tent finding (27). The female-to-male ratio for anorexia
nervosa is approximately 10 to 1. Among patients with
early onset of the disorder, however, boys may represent up
to 30% of all cases (28).

Specific etiological factors have not been identified for
anorexia nervosa, although psychosocial, cultural, and oc-
cupational factors that contribute to preoccupation with
body shape and weight have been implicated. Family and
twin studies point to a combination of psychosocial and
genetic factors in the etiology of the disorder (24, 29–31).

Neurobiology

Neurotransmitter Studies
A central focus of neurotransmitter studies in anorexia 
nervosa has been the serotonin system (32). Studies of
cerebrospinal fluid (CSF) concentrations of the major sero-
tonin metabolite 5-hydroxyindoleacetic acid (5-HIAA)
have demonstrated low concentrations in patients with
anorexia nervosa, with recovery toward normal values as
patients regain weight (33). Pharmacological challenge
studies have assessed neuroendocrine and behavioral re-
sponses to serotonin agonist medications as a probe for re-
sponsiveness in CNS serotonergic pathways. In general,
these studies have shown blunting of serotonin-stimulated
neuroendocrine responses in low-weight patients, with
restoration toward normal responses as patients regain
weight (34–37).

It is not known whether changes observed in the 
low-weight state are strictly secondary to nutritional de-
privation and weight loss or whether they have a specific 
association with the disorder. In anorexic patients evalu-
ated after long-term weight restoration, there is a return to
normal neuroendocrine responses. Trait-related changes
in serotonin function appear to persist, however, as re-
flected in abnormally elevated CSF 5-HIAA values and 
abnormal behavioral responses to a serotonergic drug
(38–40). Consistent with this hypothesis, brain imaging
studies have shown that the decreased 5-HT2A receptor
binding that is found in low-weight patients is also seen
in individuals studied following long-term weight recov-
ery (41–43).

From a clinical perspective, in that serotonin is thought
to play an important role in postingestive satiety responses,
excessive serotonin function could contribute to the small
meal sizes and weight loss presaging the onset of anorexia
nervosa (44). Additionally, dysregulation of serotonin
function could contribute to comorbidity with other psy-
chiatric disorders, particularly major depression and obses-
sive-compulsive disorder (32, 45).

Other neurotransmitter abnormalities that have been
demonstrated in low-weight patients with anorexia ner-
vosa include low CSF concentrations of norepinephrine

and the dopamine metabolite homovanillic acid (46). 
Additionally, as recently reviewed, alterations in CSF 
concentrations of neuropeptide immunoreactivity have
been demonstrated in low-weight patients with anorexia
nervosa, including low levels of opiate-related peptides,
low thyroid-releasing hormone, and elevated neuropep-
tide Y (10).

Neuroendocrine Function
Anorexia nervosa is characterized by dysregulation of
hypothalamic-pituitary neuroendocrine systems (47).
Amenorrhea in female patients with anorexia nervosa is as-
sociated with decreased circulating levels of follicle stimulat-
ing hormone and luteinizing hormone (48). Elevated serum
cortisol levels reflect increased activity in the hypothalamic-
pituitary-adrenal axis (49, 50). The hypothalamic-
pituitary-thyroid axis is down-regulated, consistent with an
energy-conserving metabolic state. Low serum levels of tri-
iodothyronine (T3), usually with normal thyrotropin levels,
reflect a “sick euthyroid” syndrome (51).

The neuroendocrine abnormalities of anorexia nervosa
are generally thought to be a consequence of changes in nu-
tritional status and weight loss. Hormone levels return to-
ward normal as the recovering patient regains body weight,
although delays may be experienced; for example, in the
restoration of normal menstrual cycles. The physiological
signals involved in the neuroendocrine changes of weight
loss are not fully understood, although laboratory data
suggest a possible role for decreased circulating levels of
leptin, an adipokine that reflects body fat stores (52, 53).
The clinician should be alert to the possibility that neu-
roendocrine abnormalities may also reflect factors other
than weight loss. Hypercortisolemia may reflect comorbid
major depression, for example. For a patient with primary
amenorrhea associated with hypogonadotropic hypogo-
nadism and atypical symptoms of anorexia nervosa, the
possibility of the rarely occurring Kallmann’s syndrome
should be considered (54).

Clinical studies have suggested that in some children
with tics and obsessive-compulsive behaviors, these symp-
toms could be associated with a syndrome known as 
“pediatric autoimmune neuropsychiatric disorders associ-
ated with streptococcal infection” (PANDAS) (55). Initial
reports suggest that some patients with anorexia nervosa
have laboratory findings consistent with the PANDAS 
syndrome (56). Until additional studies are published,
however, the nature of this possible association remains
uncertain.

Morphometric Brain-Imaging Studies
In that neuropsychiatric consultation for anorexia nervosa
may include questions regarding alterations in brain 
morphology reported in imaging studies, results of investi-
gations in this area are outlined in some detail. Initial stud-
ies in anorexia nervosa based on radiograph-computed 
tomographic (CT) data showed abnormal enlargement of
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cortical sulci and the interhemispheric fissures (57–59).
Subsequent controlled CT studies provided further evi-
dence for cortical sulcal atrophy in anorexic subjects, as re-
flected in enlargement of subarachnoid spaces (60–65).
Additionally, cerebral ventricular enlargement has been
demonstrated in a number of these studies (61–64).

Investigations using magnetic resonance imaging (MRI)
have also shown increased ventricular size and enlarged
cortical sulci in patients with anorexia nervosa compared
with control subjects (62, 66–71). One study reported lo-
calized decreases in the size of the thalamus and midbrain
regions (72), and several studies have reported reduced pi-
tuitary gland height (62, 69, 73).

Data indicate that structural brain changes in anorexia
nervosa may particularly involve white matter regions (74).
This study showed that in comparison to controls, low-
weight patients had significant decrements in frontal, pari-
etal, temporal, and total white matter, with less prominent
decreases in gray matter. It is of interest that studies using
proton magnetic resonance spectroscopy (MRS) have
shown significant changes in white matter composition in
anorexic patients (75, 76).

In general, patients with the greatest weight loss have the
most pronounced enlargements of the ventricles and corti-
cal sulci on brain-imaging studies (60, 63, 64, 66, 68, 69, 77,
78), although this correlation has not been observed in all
investigations (61, 62). Physiological factors that may con-
tribute to alterations in low-weight anorexia include malnu-
trition, fluid and electrolyte abnormalities, and hormonal
influences; for example, hypercortisolemia or decreased in-
sulin-like growth factor-1 (74, 79). In some patients the 
abnormalities could be associated with developmental 
insults or other preexisting alterations (57, 65). One study
reported that chronic self-induced vomiting was associated
with abnormal brain ventricular enlargement (67).

It is noteworthy that although brain imaging studies have
consistently shown structural abnormalities in low-weight
patients compared with matched control subjects, the mag-
nitude of these changes has typically not been large enough
to be identified as “clinically abnormal” in a nonresearch set-
ting (69). Although significant cognitive impairments have
been found in anorexic patients, there is limited evidence for
an association between structural abnormalities and mea-
sures of cognitive function (64, 65, 69, 70, 80).

Longitudinal studies suggest that enlargement of cortical
sulci and brain ventricles and decreased total brain volume
observed at low weight tend to return toward normal fol-
lowing weight gain (57, 59, 61–64, 66, 69, 71). There are,
however, some data to suggest that individuals who have
achieved stable weight recovery from anorexia nervosa have
persistent increases in ventricular volume and decreased gray
matter volume in comparison to controls (81, 82). One
study indicated that there is an enduring selective decrease in
volume in the hippocampus-amygdala area in weight-
recovered individuals (83). Additional studies are needed to
evaluate the potential clinical implications of these findings.

Functional Brain-Imaging Studies
Studies to assess resting regional brain activity in anorexia
nervosa have utilized [18F]-2-deoxyglucose positron-
emission tomography (PET) to measure glucose
metabolism and single-photon emission computed tomog-
raphy (SPECT) and functional magnetic resonance imaging
(fMRI) to measure regional cerebral blood flow (rCBF). PET
imaging showed global hypometabolism in anorexic pa-
tients, particularly prominent in the frontal and parietal cor-
tices (84). Absolute hypometabolism was also found in
low-weight depressed patients, suggesting the importance of
weight loss per se (85). A notable finding was relative hyper-
metabolism in the caudate nuclei and inferior frontal cortex
(86, 87). The investigators postulated that this finding could
be associated with symptoms of increased vigilance and at-
tention to detail, consistent with brain imaging findings in
patients with obsessive-compulsive disorder (88, 89). Fol-
lowing weight recovery, differences between patients and
controls were no longer significant (87), although there was
a persistent trend toward relative parietal hypometabolism
and inferior frontal hypermetabolism (86).

Comparison of resting rCBF in patients with anorexia
nervosa and controls based on SPECT have generally shown
decreased blood flow in areas of the cerebral cortex. Most,
but not all studies (90), have shown decreases in areas in-
cluding the parietal, frontal, and temporal regions (91–94).
A series of 21 subjects with adolescent-onset disorder, many
studied following stable weight recovery, showed hypoper-
fusion of temporal, parietal, and orbitofrontal regions that
appeared to persist following recovery (95). In contrast to
these findings, a recent 15O-PET study showed bilateral 
elevation of rCBF within medial temporal lobes in anorexic
patients compared to healthy controls, although data were
averaged across baseline and provocation conditions (96).
Differences in specific regional findings across these studies
are likely to reflect sample size constraints, heterogeneity of
the patient groups, and limitations in the availability of sat-
isfactory control data.

From a pediatric perspective, a finding of interest was
that in 15 children and adolescents with anorexia nervosa,
87% had asymmetric temporal lobe hypoperfusion (97). A
follow-up study of an additional 15 patients, with a mean
age of approximately 15 years, found consistent evidence
for blood flow asymmetry (hypoperfusion) in 11 of the
subjects, including asymmetrical temporal lobe perfusion
in 9 subjects (98). In that scans from control subjects were
not available for these studies because of concerns related
to radiation exposure, follow-up studies using fMRI will be
of interest.

Imaging studies in association with symptom provoca-
tion paradigms provide another approach to identification
of regional alterations of cerebral function in anorexia ner-
vosa. Initial studies have employed paradigms including
ingestion of a test meal, visualization of high-calorie and
low-calorie foods, and visualization of distorted body im-
ages. Areas of differences in response between patients and
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controls have included the left inferior frontal region (91);
the right inferior prefrontal, superior prefrontal, and pari-
etal regions (99); the left insula, anterior cingulate gyrus,
and left amygdala-hippocampal region (100); the left oc-
cipital cortex and right temporo-occipital cortex (96); and
the inferior parietal region (101). Additional studies will be
useful in clarifying the extent to which these paradigms re-
sult in reproducible emotional, cognitive, and physiologi-
cal responses in anorexia nervosa, paving the way for future
replication studies with independent patient samples.

Course and Prognosis

The typical age of onset of anorexia nervosa is in late ado-
lescence, with an average age of 18 to 21 years at the time
of diagnosis (24, 102). Reviews of anorexia nervosa with
early onset (between 8 and 14 years of age) point to simi-
larities in symptom patterns and clinical course when com-
pared with later onset illness (28, 103–107).

Estimates of long-term outcome of anorexia nervosa
are complicated by limitations in sample size and
methodological differences across studies. Studies suggest,
however, that 40 to 75% of patients are recovered at 10-
year to 21-year follow-up, with 10 to 20% of patients hav-
ing significant persisting symptomatology (108–112).
However, a comprehensive review of follow-up studies of
more than 5,000 patients with anorexia nervosa suggests
that fewer than half actually achieve full recovery (106).
Although at 7.5 years follow-up, 30% of patients with the
disorder were found to be in full remission, 40% would 
relapse (113). Poor prognosis has been associated with
duration of illness, binge-eating and purging behaviors,
and obsessive-compulsive personality symptoms (106).
Risk for relapse is associated with low weight at presenta-
tion and at time of discharge from inpatient hospitaliza-
tion (113–115).

Anorexia nervosa is among the neuropsychiatric condi-
tions having the highest mortality rate (116). Based on a re-
view of outcome studies, the aggregate mortality rate has
been estimated to be approximately 5.6% per decade
(117). Clinical characteristics such as prolonged duration
of illness, bingeing and purging behavior, and comorbid
substance abuse and affective disorder have been associ-
ated with death in patients with the disorder (118).

There are insufficient data to detect differential patterns
of longterm outcome for early-onset and later-onset cases
(28, 119, 120). Potential physiological consequences of
prolonged malnutrition associated with premenarcheal-
onset anorexia nervosa have been described (121).

Clinical Features and Assessment

A “Practice Guideline” for the assessment and treatment of
patients with anorexia nervosa has been published by the
American Psychiatric Association (122). As this manual
outlines, the clinical assessment of cachectic patients with

symptoms suggestive of anorexia nervosa entails a compre-
hensive neuropsychiatric and general medical history and
physical examination. Evaluation of current symptomatol-
ogy includes a detailed review of eating patterns, exercise
patterns, and attitudes toward body shape and weight. It is
often useful for the clinician to inquire about specifics of
meal content and schedule. The clinician should assess
whether the patient is engaging in binge-eating and purg-
ing behaviors, including possible use of laxatives, diuretics,
appetite suppressants, or syrup of ipecac. Patterns of body
weight during development, including previous high and
low weights in relationship to height, should be noted, as
well as details regarding the initial onset of weight loss.

Comorbid psychiatric disorders in patients with
anorexia nervosa include mood and anxiety disorders (123,
124), particularly obsessive-compulsive disorder (125,
126). Thus, the clinician should be particularly alert to
symptoms suggestive of current or past depression, anxiety
disorders, obsessive-compulsive disorder, and substance
abuse disorders.

The psychosocial history includes a review of recent 
personal stresses and family/social tensions (127) and evi-
dence for previous physical or sexual abuse. The family 
history obtains information on the presence of eating dis-
orders or other neuropsychiatric disorders or obesity in
family members (128). A family assessment may be useful
to evaluate the residential environment for younger 
patients living at home.

When performing the medical history and review of
symptoms, the clinician should be alert to history of faint-
ing related to dehydration, symptoms of anemia, cold 
intolerance, and disrupted sleep patterns. Symptoms sug-
gestive of medical illness that could contribute to unex-
plained weight loss, such as tumors or infectious illness,
should be evaluated. For adolescent and adult females, in-
formation is obtained on age at menarche, regularity of
menstrual periods, and episodes of secondary amenorrhea.

In the context of a complete mental status examination,
the clinician should be alert to symptoms such as delusions
or psychotic thought processes, which could signal the pres-
ence of another primary psychiatric disorder. Assessment of
current mood includes questions about suicidal, destruc-
tive, or impulsive ideation. Cognitive function is evaluated
for changes suggestive of a neurological or metabolic disor-
der. Impaired cognitive performance in patients with
anorexia nervosa has been noted by some investigators
(129–133), but not by others (65, 134). In anorexic patients
studied longitudinally, there is evidence that cognitive func-
tion improves with weight restoration (59).

The initial evaluation of a patient with apparent
anorexia nervosa generally includes a physical examina-
tion, laboratory studies, and an electrocardiogram (122,
135, 136). Bradycardia and postural hypotension are com-
mon findings in patients with severe weight loss. A dental
examination, if not recently performed, can indicate
whether self-induced vomiting has resulted in erosion of
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the dental enamel. Selection of laboratory tests depends on
the severity of symptoms and results of the medical history
and physical examination; such testing often includes a
complete blood count, serum electrolytes, blood urea ni-
trogen (BUN), serum creatinine, blood levels of thyroid
hormones, and urinalysis. For cachectic patients, addi-
tional laboratory studies include liver function tests and
blood levels of calcium, magnesium, and phosphorus. In
some situations, bone mineral densitometry may be con-
sidered to evaluate the risk of fracture from osteoporosis re-
lated to malnutrition and possibly to low estrogen levels
(137, 138). Data suggest that following longterm remission
(11 years), bone mineral density is inversely associated
with duration of anorexia nervosa; thus, duration of illness
may be predictive of risk for osteopenia in this patient pop-
ulation (139).

In general, brain-imaging studies and electroencephalog-
raphy are not routinely obtained in the assessment of the pa-
tient with anorexia nervosa. More extensive laboratory or
imaging studies may be appropriate when atypical history or
initial findings suggest the possibility of medical or neuro-
logical illness. Brain tumors in the area of the hypothalamus
or brainstem, for example, may manifest as anorexic behav-
ior prior to the appearance of other neurological symptoms
(140, 141). Case reports of patients with eating disorders
have described a broad spectrum of neurological symptoms,
ranging from disorientation, motor ataxia, and stupor 
to seizures, bulbar paresis, and coma (142–144). Brain-
imaging studies, particularly MRI, may be helpful in identi-
fying any associated anatomical lesions (144, 145). 
Although not a routine component of the clinical assess-
ment, sleep electroencephalographic studies have shown de-
creased sleep time and decreased time in stage 1 sleep in low-
weight patients compared with control subjects (146, 147).

Patients with anorexia nervosa may have significant
disturbances of serum electrolytes, such as hypokalemia as-
sociated with laxative abuse. In rare cases, neuropsychiatric
symptoms have been associated with osmotic demyelina-
tion syndrome (or central pontine myelinolysis) in patients
with severe hyponatremia and hypokalemia (145, 148,
149). Excessively rapid repletion of electrolytes may play a
role in the pathophysiology of this syndrome, resulting in
damage to myelin in the ventral region of the pons.

Treatment

Guidelines for the treatment of anorexia nervosa have been
summarized (122). When medical problems such as elec-
trolyte abnormalities, hypoglycemia, anemia, bradycardia,
or hypotension reach a critical threshold, acute hospital-
ization is required (135). Indications for hospitalization
include progressive weight loss, chronic persistence of ex-
tremely low weight in spite of intensive outpatient treat-
ment, and symptoms of severe depression with suicidal
ideation. Cachectic patients with anorexia nervosa can 
suffer serious cardiac arrhythmias, possibly resulting in

sudden death (150). After medical stabilization, psychiatric
treatment for the anorexic patient in an inpatient or day
treatment setting typically involves a behaviorally oriented
weight-restoration program, usually including individual
and group psychotherapy (151).

Outpatient psychotherapeutic approaches for patients
with anorexia nervosa include a range of shortterm and
longterm individual, group, and family therapies (122,
152–157). Family therapy is particularly likely to be a help-
ful component of treatment for adolescent patients (158).
This randomized, controlled 1-year trial showed that in pa-
tients with onset of illness prior to age 19 years, family ther-
apy was more effective than individual supportive therapy
provided as the control condition. Adjunctive treatments
include psychoeducational interventions and nutritional
counseling.

In general, controlled studies in low-weight patients
have not demonstrated significant advantages for medica-
tion treatment compared with psychotherapeutic interven-
tions alone, including studies with the selective serotonin
reuptake inhibitor (SSRI) fluoxetine (159–161). A random-
ized, controlled study did show that cyproheptadine ad-
ministration was associated with a small but statistically 
significant enhancement in the rate of weight gain for hos-
pitalized patients with the restricting subtype of anorexia
nervosa (162). Psychotropic medications may be useful in
alleviating comorbid conditions, such as major depression
or severe anxiety disorder, although the clinician needs to
remain alert to possible risks (e.g., the potential risk of in-
creased suicidal behavior) associated with medication treat-
ment. In the low-weight patient, considerations related to
medical stability (e.g., sensitivity to orthostatic hypoten-
sion) often dictate a cautious approach with medication in-
tervention. There are preliminary data from a randomized,
controlled 1-year trial in 35 patients with restricting-type
anorexia nervosa suggesting that fluoxetine may be helpful
in stabilizing mood and possibly in preventing relapse to
low weight after weight restoration (163).

BULIMIA NERVOSA

Diagnostic Features

Bulimia nervosa is characterized by recurrent binge-eating
episodes that are associated with inappropriate compen-
satory behaviors used to avoid weight gain (Table 15.3).
These behaviors occur with an average frequency of two or
more episodes per week over a period of 3 months, at a
time during which the individual does not meet criteria 
for anorexia nervosa. Additionally, the individual’s self-
evaluation is overly dependent on perception of body
weight and shape. In DSM-IV, bulimia nervosa is subclassi-
fied as either “purging type” or “nonpurging type” based on
the presence or absence of regular self-induced vomiting or
misuse of laxatives, diuretics, or enemas (17).

312 Section II: Neuropsychiatric Aspects of Psychiatric and Behavioral Disorders of Children and Adolescents

75191_ch15.qxd  9/24/05  22:59  Page 312



Up to 30% of overweight individuals in treatment for
weight loss have symptoms of binge-eating disorder, a pro-
visionally defined syndrome manifested by recurrent binge
eating associated with prominent symptoms of psycholog-
ical distress (164). Preliminary criteria for binge-eating dis-
order are listed in Appendix B of DSM-IV (“Criteria Sets and
Axes Provided for Further Study”). In overweight individu-
als, careful review of symptom patterns may be required to
differentiate nonpurging bulimia nervosa from binge-
eating disorder.

Epidemiology and Etiology

The prevalence of bulimia nervosa in young women is 1 to
2% (27, 165, 166). The female-to-male ratio is approxi-
mately 10 to 1. Historically, it had been recognized that up
to half of patients with anorexia nervosa reported symptoms
of binge eating and purging. During the 1970s, a number of
reports describe individuals in a normal weight range with
symptoms of binge eating and purging (167), leading to the
inclusion the syndrome of “bulimia” in DSM-III (168).

In bulimia nervosa, as in anorexia nervosa, psychosocial,
cultural, and occupational factors are thought to contribute
to preoccupation with body shape and weight. Family and
twin studies have demonstrated a role for genetic factors in
the etiology of the disorder (29, 124, 169).

NEUROBIOLOGY

Neurotransmitter Studies

Laboratory studies of eating behavior suggest that patients
with bulimia nervosa have impaired postingestive satiety

(170). Thus, binge-eating episodes may in part result from
absence of normal feelings of satiety following a meal, a
possibility that has prompted clinical investigations of the
satiety-related neurotransmitter serotonin and the neu-
ropeptide CCK. CSF concentration of the serotonin
metabolite 5-HIAA is abnormally low in bulimic patients
with frequent binge-eating behavior (171). Additionally,
pharmacological challenge studies with serotonin-active
medications have shown blunted neuroendocrine re-
sponses in patients with bulimia nervosa in comparison to
control subjects (172–176). Initial results from brain imag-
ing studies have shown decreased availability of the sero-
tonin transporter in the hypothalamus and thalamus
(177). In individuals who have recovered from bulimia
nervosa, serotonin-related neuroendocrine abnormalities
are no longer observed (178, 179). Similar to findings in
anorexia nervosa, however, individuals who have recov-
ered from bulimia nervosa appear to have persistent, trait-
related alterations in serotonin function as reflected in 
elevated levels of CSF 5-HIAA (178), abnormalities in 5-
HT2A receptor binding (180), and recurrence of symptoms
during acute tryptophan depletion testing (181). It has
been postulated that persistent changes in serotonin func-
tion may contribute to the recurrence of bulimic symptoms
and episodes of depression in many of these individuals.

As noted earlier, findings of diminished satiety re-
sponses in bulimia nervosa have prompted studies of the
gut-related satiety peptide CCK. Serum CCK response after
a test meal is blunted in bulimic patients (182–184), and
CSF concentration of CCK-octapeptide is abnormally low
(185). As recently reviewed, abnormalities in other CNS
neurotransmitter and neuropeptide systems have also been
identified in symptomatic patients with bulimia nervosa
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TABLE 15.3
DSM-IV DIAGNOSTIC CRITERIA FOR BULIMIA NERVOSA

A. Recurrent episodes of binge eating. An episode of binge eating is characterized by both of the following:
(1) Eating, in a discrete period of time (e.g., within any 2-hour period) an amount of food that is definitely larger than most people would

eat during a similar period of time and under similar circumstances
(2) A sense of lack of control over eating during the episode (e.g., a feeling that one cannot stop eating or control what or how much

one is eating)
B. Recurrent inappropriate compensatory behavior in order to prevent weight gain, such as self-induced vomiting; misuse of laxatives,

diuretics, enemas, or other medications; fasting; or excessive exercise.
C. The binge eating and inappropriate compensatory behaviors both occur, on average, at least twice a week for 3 months.
D. Self-evaluation is unduly influenced by body shape and weight.
E. The disturbance does not occur exclusively during episodes of anorexia nervosa.

Specify Type

Purging Type: During the current episode of bulimia nervosa, the person has regularly engaged in self-induced vomiting or the misuse of
laxatives, diuretics, or enemas.

Nonpurging Type: During the current episode of bulimia nervosa, the person has used other inappropriate compensatory behaviors, such
as fasting or excessive exercise, but has not regularly engaged in self-induced vomiting or the misuse of laxatives, diuretics, or enemas.

Source: Reprinted with permission from the Diagnostic and Statistical Manual of Disorders, 4th
ed., Text Revision. Copyright 2000. American Psychiatric Association.
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(10, 46). Follow-up studies in symptom-recovered patients
should help to differentiate state-related versus trait-related
aspects of these alterations.

Neuroendocrine Function

Alterations in neuroendocrine function in normal-weight
patients with bulimia nervosa are much less prominent
than those in patients with anorexia nervosa. When abnor-
malities do appear, they are often thought to reflect recent
weight loss, low weight relative to weight “set point,” or the
presence of comorbid psychiatric disorder. Thus, low
serum thyroid hormone levels with normal thyrotropin
levels have been reported in patients with bulimia nervosa
(186), consistent with evidence for slightly reduced
metabolic rate in comparison to age-matched control sub-
jects (187).

Abnormalities in menstrual cycle patterns may occur in
as many as 50% of patients with bulimia nervosa, with
evidence for an association between relatively low body
weight and disturbances in luteal phase gonadal hormone
patterns (188, 189). Small but statistically significant
decreases in serum prolactin levels relative to healthy con-
trols have also been reported (173). In studies of the
hypothalamic-pituitary-adrenal axis, most patients with
bulimia nervosa have normal serum cortisol levels and
show normal cortisol suppression following the adminis-
tration of dexamethasone, although abnormalities in
adrenocorticotropic hormone (ACTH) secretion have been
reported (50, 190). Circulating levels of the adipokine lep-
tin are decreased in patients with bulimia in comparison to
weight-matched controls (191–193), possibly contributing
to the reduced resting metabolic rate and menstrual cycle
alterations associated with the disorder.

Morphometric Brain-Imaging Studies

Brain-imaging studies in patients with bulimia nervosa re-
veal less prominent and consistent changes than in patients
with anorexia nervosa. Thus, studies with CT reported
modest cerebral ventricular enlargement and sulcal widen-
ing, with increased ventricular/brain ratio, in patients with
bulimia nervosa compared to control subjects (194–196).
A study using MRI found a significant reduction in the
sagittal cerebral/cranial ratio but no difference in the ven-
tricular/brain ratio in bulimic patients compared with 
control subjects (197). A subsequent study found no sig-
nificant differences between patients with bulimia nervosa
and control subjects in size of the thalamus, midbrain,
pons, corpus callosum, septum pellucidum, or fourth ven-
tricle (72). Reductions in the MRI proton longitudinal 
relaxation time (T1) in the inferior frontal gray matter have
been demonstrated in a small group of patients with 
bulimia nervosa compared with control subjects (198).

Imaging studies in bulimia nervosa have generally not
shown significant correlations between brain morphology

and clinical characteristics such as alcohol use, duration of
illness, cognitive performance, or symptom severity (80,
194, 196, 199). One study did find an inverse relationship
between the ventricular/brain ratio and plasma thyroid
hormone concentrations (196), and another found a 
correlation between frequency of binge eating and the ven-
tricle/brain ratio (67). It is of interest that structural alter-
ations in the prefrontal area have been associated with 
impulsive behaviors and excessive appetite (200).

Functional Brain-Imaging Studies

Several studies have used PET to evaluate regional brain
metabolic activity in bulimia nervosa. Women with bu-
limia nervosa studied during standardized cognitive tasks
exhibited higher cortical metabolic activity in the left hemi-
sphere than in the right hemisphere, in contrast to the re-
verse asymmetry observed in healthy control subjects (201,
202). Measurement of rCBF in patients with bulimia ner-
vosa with SPECT imaging also showed abnormalities in
left-right asymmetries (92). This laterality in rCBF in bu-
limic patients may be a state-dependent variable, which
can be influenced by binge eating (92, 203, 204).

Patients with bulimia nervosa appear to have significant
bilateral elevations in metabolic rate/rCBF in the inferior
temporal area in comparison with control subjects (92,
202). Consistent with findings in patients with depression,
an association was found between left anterior lateral pre-
frontal cortex hypometabolism in bulimia nervosa and the
severity of depressive symptoms (202). Elevated rCBF was
also found bilaterally in the inferior frontal region in one
study (92). Data from patients during a resting baseline
condition showed a significant decrease in relative glucose
metabolic rate in the parietal cortex for the bulimic patients
in comparison to the controls, paralleling results in
anorexia nervosa (205, 206).

In contrast to the findings described earlier, a study of
women who had achieved stable recovery from bulimia
nervosa found that rCBF values did not differ from results
for age-matched control women (207). This finding indi-
cates that underlying trait-related neurobiological risk fac-
tors for bulimia nervosa are apparently not reflected in 
abnormalities in resting rCBF.

Course and Prognosis

As is the case for anorexia nervosa, the symptoms of bulimia
nervosa typically begin in late adolescence. The average age
at diagnosis has been reported as 20 to 23 years (124, 166,
208). Premenarcheal onset of bulimia nervosa is thought to
be uncommon (28). Patients with early onset (age 15 years
or younger) resemble older patients in terms of eating-
disorder symptomatology but appear to have a history of 
increased exposure to psychosocial stressors (209).

As summarized later, controlled treatment trials have
shown substantial rates of response both to psychotherapy
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and to pharmacotherapy in individuals with bulimia ner-
vosa. However, relatively high relapse rates have been
noted; for example, a rate of 31% over 2 years for patients
treated in an intensive day-hospital program (210). Natu-
ralistic follow-up studies ranging from 3 to 10 years in du-
ration indicate that whereas 50 to 60% of patients achieve
recovery, 10 to 20% are likely to still meet full criteria for
the disorder at the end of the study period (211–214). It is
also important to note that presence of an eating disorder
during adolescence has been linked to increased risk during
early adulthood for anxiety disorders, depressive disorders,
and suicide attempts, as well as range of medical and neu-
rological symptoms, including cardiovascular symptoms
and infectious diseases (215).

Clinical Features and Assessment

As noted earlier, a “Practice Guideline” for the assessment
and treatment of patients with eating disorders has been
published by the American Psychiatric Association (122).
As this manual outlines, the evaluation of a patient with
bulimia nervosa requires a comprehensive neuropsychi-
atric evaluation and careful medical assessment, with par-
ticular attention to detailed assessment of eating patterns,
exercise patterns, and attitudes toward body shape and
weight. Differentiation between the patient’s subjective as-
sessment and the interviewer’s objective assessment of
binge-eating episodes is frequently useful (216). Patterns of
weight fluctuation and previous low and high weight rela-
tive to age should be noted, with specific attention to a 
history of low weight suggestive of past anorexia nervosa.
Current and past use of diet pills, laxatives or enemas, 
diuretics, or syrup of ipecac should be noted.

Current or past symptoms of other psychiatric disorders
should be evaluated, particularly mood disorders, anxiety
disorders, and substance abuse disorders. The most 
common comorbid Axis I disorders among patients with
bulimia nervosa include major depression, substance use
disorders, and anxiety disorders (20, 128).

Of particular importance in the psychosocial history is
an evaluation of recent stressful events at school or home,
evidence of previous physical or sexual abuse, and illness-
related impairments in social and school/occupational set-
tings. The family history includes information on eating
disorders, other psychiatric disorders, or obesity in family
members.

During the medical history and review of systems, spe-
cific attention should be paid to symptoms of orthostatic
hypotension, persistent lethargy, evidence of blood in eme-
sis, and history of excessive dental caries associated with
erosion of dental enamel. For adolescent and adult 
females, additional pertinent history includes age of
menarche, regularity of menstrual periods, changes in eat-
ing patterns observed premenstrually, and episodes of 
secondary amenorrhea. Details of previous treatment 
response should be elicited.

The mental status examination includes an assessment
of mood and cognition and any evidence of suicidal, im-
pulsive, or destructive ideation. Specifics regarding physical
examination and laboratory studies for evaluation of the
patient with bulimia nervosa are individualized based on
the clinical setting (122). Laboratory tests commonly in-
clude a complete blood count, serum electrolytes, BUN,
serum creatinine levels, and urinalysis. Anemia associated
with abnormal nutrition is not uncommon in bulimia ner-
vosa. Electrolyte abnormalities, particularly hypokalemia
and hypochloremia, are associated with recurrent self-
induced vomiting or use of laxatives or diuretics (217) and
tend to occur in patients with more frequent bulimia
episodes (218). Serum total amylase concentrations are fre-
quently elevated in bulimic patients, reflecting increased
levels of the salivary amylase isoenzyme (219). An electro-
cardiogram is helpful in identifying arrhythmias associated
with electrolyte disturbances. In general, sleep electroen-
cephalographic studies have not demonstrated significant
differences between nondepressed patients with bulimia
nervosa and control subjects (147, 220).

Brain-imaging studies are not routinely performed in
the assessment of bulimia nervosa. However, brain lesions
associated with unexplained vomiting or appetite changes
could cause symptoms that initially resemble those of bu-
limia nervosa. The clinician should also be alert to the pos-
sibility of the relatively rare Kleine-Levin syndrome (221).
This syndrome, which is of unknown etiology, characteris-
tically appears during adolescence and is more common in
men than women. Patients with this condition experience
recurrent episodes of hypersomnia (thought to average two
to four episodes per year) that may be associated with 
hyperphagia, mood changes, and other psychiatric 
symptoms.

Treatment

As described in a recent practice guideline, based on con-
trolled trials, a trial of short-term outpatient psychotherapy
in an individual or group setting is often the first treatment
approach recommended for bulimia nervosa (122, 222).
However, hospitalization may be indicated if medical 
instability or comorbid neuropsychiatric disorders (e.g., 
severe depression) are present. Controlled trials have
demonstrated the efficacy of cognitive-behavior therapy
and interpersonal psychotherapy in the treatment of bu-
limia nervosa (223–225). Cognitive-behavior therapy fo-
cuses on symptom control and the restructuring of beliefs,
attitudes, and values that maintain the condition. Compo-
nents of restructuring include the use of dietary monitors,
journal records, behavioral contracts, and patient educa-
tion. Stimulus control, positive and negative reinforce-
ment, self-monitoring, response prevention, and relaxation
training may be incorporated into the treatment plan.
Other treatment approaches used with bulimic patients in-
clude psychoeducation and psychodynamic therapies, 

Chapter 15: Eating Disorders 315

75191_ch15.qxd  9/24/05  22:59  Page 315



although fewer controlled data regarding outcome are
available for these modalities.

Placebo-controlled trials with a range of antidepressant
medications have demonstrated significant decreases in
frequency of binge-eating and purging episodes in bulimia
nervosa (122, 160, 226). Only a minority of the patients
studied, however, achieved complete cessation of binge-
eating behavior. In general, these trials used medication
doses similar to those used in depressed patients, although
the SSRI fluoxetine was more effective in bulimic patients
at a higher dose than that used in depression (227). Based
on the results of clinical trials, the Food and Drug Admin-
istration approved fluoxetine for the treatment of bulimia
nervosa in adults (122). As noted earlier, the clinician
needs to remain alert to possible risks (e.g., the potential
risk of increased suicidal behavior) associated with medi-
cation treatment. Preliminary results suggest that contin-
ued fluoxetine treatment over the course of a year may help
to prevent relapse in patients who recover from bulimia
nervosa, although follow-up studies are needed to replicate
this finding (228).

Randomized studies comparing psychotherapy alone
versus medication alone versus combined treatment in pa-
tients with bulimia nervosa tend to favor psychotherapy.
Initial results have been interpreted cautiously, however,
because of limited sample size and unique characteristics
of the treatment setting (225, 229, 230). Combined treat-
ment with psychotherapy and medication may be particu-
larly helpful in alleviating symptoms of anxiety and
depression.

SUMMARY

Anorexia nervosa and bulimia nervosa appear to develop as
a result of interactions between predisposing psychosocial
and biological influences. Nutritional alterations appear to
contribute to many of the metabolic, hormonal, and other
neurobiological changes observed in these disorders. Addi-
tional research is needed to differentiate state-related versus
trait-related aspects of abnormalities revealed in brain-
imaging studies and neurotransmitter/neuropeptide inves-
tigations. Initial psychiatric assessment and subsequent
treatment planning include careful attention to medical
and neuropsychiatric features of the disorders. The evalua-
tion and treatment of patients with an eating disorder may
involve extensive consultation and collaboration among
members of a clinical team, frequently including a primary
mental health care provider, a medical primary care
provider, a nutritionist, and an eating disorders specialist.
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Substance use by adolescents is a common behavior. Ac-
cording to an annual survey of high school students, the
lifetime prevalence of alcohol use among twelfth graders
in 2003 was 76.6%, while the lifetime prevalence of use
of substances other than alcohol and tobacco was 51.1%
(1; see Table 16.1). At some time during their teenage
years, an overwhelming majority of adolescents use alco-
hol, and a substantial proportion use other drugs. Unfor-
tunately, a significant percentage of adolescents also use
substances on a regular basis. In 2003, 27.9% and 11.9%
of twelfth and eighth graders, respectively, reported drink-
ing at least five drinks on a single occasion within the pre-
ceding 2 weeks. Similarly, 24.1% of twelfth graders and
9.7% of eighth graders reported using an illicit substance
other than alcohol or tobacco within the previous 30
days. Recent trends in lifetime and daily substance use are
found in Table 16.1.

In community studies, lifetime diagnosis of alcohol use
disorder (AUD) ranges from 0.4 (2) to 9.6% (3). Lifetime
diagnoses of alcohol dependence ranged from 0.6 (2) to
4.3% (4). The lifetime prevalence of substance use disor-
der (SUD) (abuse or dependence) ranges from 3.3 in 15-
year-olds to 9.8% in 17- to 19-year-olds (5, 6). The pre-
dicted cumulative prevalence of any SUD by age 16 is
12.2% (7).

When substance use induces problems, the individual
qualifies for the diagnosis of SUD. The core feature of a
SUD is persistent pattern of use despite negative conse-
quences. To qualify for a diagnosis of SUD (abuse) based
on DSM-IV (8) criteria, an individual must display a mal-
adaptive pattern of substance use that leads to clinically
significant impairment or distress. This maladaptive pat-
tern may manifest as use that results in failure to fulfill
major role obligations or use that continues despite

causing or exacerbating social or interpersonal problems
(see subsequent discussion). The neuropsychiatric seque-
lae of habitual substance use may exacerbate these prob-
lems. To quality for a diagnosis of SUD (dependence), mal-
adaptive behaviors continue despite knowledge of having
persistent or recurrent physical or psychological problems
due to substance use. Neuropsychiatric disturbance may
be among these problems.

In this chapter, we review the neuropsychiatric aspects
of substance abuse among adolescents. In addition, we dis-
cuss the neuropsychiatric factors that amplify the risk for
development and maintenance of substance use disorders.

DEVELOPMENT OF SUBSTANCE
USE AND USE DISORDERS

Substance use behavior does not proceed in random fash-
ion. Rather, consumption typically begins with legal read-
ily available compounds (e.g., beer, wine), and a subset of
the adolescent population progresses to hard liquor and to-
bacco that in turn may lead to “soft” drugs (marijuana) and
ultimately, in a smaller segment, to “hard” illicit drugs.
Conceptualized as “stages” within the Gateway Hypothesis
(9), it has been speculated that each stage is associated with
a specific complement of risk factors that promote subse-
quent drug use (10). The putative risk factors encompass,
for the most part, the interaction between individual and
environmental (peer and parent-related) characteristics
(see Table 16.2). For example, quality of peer relationships
and minor delinquent activities both predict initiation into
the earliest stages of use whereas poor relationship with
parents and deviant attitudes and behavior are theorized to
be more important in the later stages. Furthermore, while
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the notion of stage-specific characteristics is intuitively ap-
pealing, the bulk of the evidence points to the presence of
common factors (11). In effect, the likelihood of progress-
ing from abstinence to illicit drug use is a function of the
severity of the common liability (12, 13).

Neuropsychiatric Risk Factors for
Substance Use/Abuse

Neuropsychiatric disturbance appears to represent an
important risk factor that predisposes to substance use.
Although there is no evidence linking risk for substance
abuse with a focal brain lesion, several neurobehavioral
factors have been identified that can increase the risk
for substance abuse. We review the literature on these fac-
tors next.

Electrophysiological Abnormalities
Event-related potentials (ERPs) measure the neurophysio-
logical substrates of information processing (14). The P300
component of the brainstem auditory-evoked responses or
potential waveform has been investigated as an electro-
physiological indicator of cognitive processing in subjects

at known high risk for alcoholism (15, 16). This waveform
component has been shown to reflect complex cognitive
functions such as stimulus updating, short-term memory,
and working memory. In studying ERPs, and particularly
the P300 component, researchers recognize that both am-
plitude and latency may vary with maturation of the central
nervous system (CNS) (17, 18).

Several laboratories have found decreased P300 ampli-
tudes and increased latencies among youth at high risk for
substance use or abuse (19). Other investigators have
noted that high-risk young people manifest P300 devia-
tions as well as deviations in the N1 and N2 components of
the ERP (20). The N1 and N2 waveform components are
thought to reflect attentional processes. The investigations
conducted to date have ascertained subjects on the basis of
a familial history of alcoholism, which through genetic
loading confers on these subjects a higher degree of risk for
substance abuse than that in the general population. Al-
though many studies have reported ERP differences be-
tween high- and low-risk subjects, it is important to note
that many investigations have also failed to detect such dif-
ferences (15). ERP potentials are not established biological
markers for substance abuse and may be more important in
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TABLE 16.1
TRENDS IN LIFETIME AND 30–DAY PREVALENCE OF DAILY USE OF VARIOUS DRUGS FOR EIGHTH
AND TWELFTH GRADERS

1991 1996 2000 2003

Life- Daily Life- Daily Life- Daily Life- Daily
time use time use time use time use

Any illicit drug 8th grade 18.7 — 31.2 — 26.8 — 22.8 —
12th grade 44.1 — 50.8 — 53.9 — 51.1 —

Marijuana 8th grade 10.2 0.2 23.1 1.5 20.3 1.3 17.5 1.0
12th grade 36.7 2.0 44.9 4.9 48.8 6.0 46.1 6.0

Hallucinogens 8th grade 3.2 — 5.9 — 4.6 — 4.0 0.1
12th grade 9.6 0.1 14.0 0.1 13.0 0.2 10.6 0.1

MDMA (ecstasy) 8th grade — 3.4 4.3 3.2
12th grade — 6.1 11.0 �.05 8.3 0.1

Inhalants 8th grade 17.6 21.2 17.9 15.8
12th grade 17.6 0.5 16.6 0.4 14.2 0.3 11.2 0.4

Cocaine 8th grade 2.3 4.5 4.5 3.6
12th grade 7.8 0.1 7.1 0.2 8.6 0.2 7.7 0.2

Heroin 8th grade 1.2 2.4 1.9 1.6
12th grade 0.9 �.05 1.8 0.2 2.4 0.1 1.5 0.1

Amphetamines 8th grade 10.5 13.5 9.9 8.4
12th grade 15.4 0.2 15.3 0.3 15.6 0.5 14.4 0.5

Metamphetamine 8th grade — — 4.2 3.9
12th grade — 0.1 — 0.1 7.9 0.1 6.2 0.1

Alcohol 8th grade 70.1 0.5 55.3 1.0 51.7 0.8 45.6 0.8
12th grade 88.0 3.6 79.2 3.7 80.3 2.9 76.6 3.2

Cigarettes 8th grade 44.0 7.2 49.2 10.4 40.5 7.4 28.4 4.5
12th grade 63.1 18.5 63.5 22.2 62.5 20.6 53.7 15.8

Steroids 8th grade 1.9 1.8 3.0 2.5
12th grade 2.1 0.1 1.9 0.3 2.5 0.2 3.5 0.2

Source: Monitoring the Future Study, University of Michigan.
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identifying risk to a range of persistent deviant behaviors
(21). The ultimate value of any putative differences be-
tween high- and low-risk subjects resides in the capacity of
these variables to predict which children will eventually
develop alcohol or drug problems.

Several investigators have studied high-risk youth to ex-
amine ERPs and their relationship to deviant behavior and
SUD risk. In a follow-up study of high- and low-risk chil-
dren, Berman and associates (22) found that the children
with the lowest P300 amplitudes at baseline were more
likely to be using substances four years later. In an 8-year fol-
low-up study, Hill and colleagues (23) obtained ERPs at
baseline and follow-up for a group of 20 children (includ-
ing 11 high-risk children). Differences in P300 amplitude
between high- and low-risk subjects persisted from baseline
to follow-up. Four of the 11 high-risk children met criteria
for a substance use disorder at follow-up, and all four had
lower P300 amplitudes than did the nonaffected high-risk
subjects. The fact that P300 amplitudes did not differ be-
tween subjects having versus those not having externalizing
disorders indicates that abnormalities in this waveform may
not be merely a general correlate of behavioral deviancy.

In a study of high-risk children from families of alco-
holics, developmental trajectories of P3b amplitude (a
highly heritable variant of the P300 component) obtained
over the ages 9 to 14 years were related to the child’s familial
risk for developing alcohol dependence in combination with
the presence or absence of the child’s specific psychopathol-

ogy (24). Among high-risk children, those with the highest
risk for developing a childhood disorder could be predicted
based on membership in the class 3 P3b developmental tra-
jectory pattern. Risk status confers a greater likelihood of
having lower P3b at the youngest ages studied, and a slower
rate of change in amplitude during childhood and adoles-
cence, especially in high-risk male children. High-risk female
children exhibit this pattern but only in the presence of a
childhood psychiatric diagnosis (25). These findings have
relevance to recent suggestions that reduced amplitude of
P3b seen in association with familial risk for developing al-
coholism is actually due to the greater likelihood that youth
with a family history of alcoholism will have externalizing
psychopathology, namely, conduct disorder (26). This sug-
gestion is part of a continuing dialogue concerning the over-
lap between antisocial personality disorder, alcohol depen-
dence, and P300. Based on cross-sectional data obtained
from youth who were assessed for presence of conduct
symptoms and family history of alcohol dependence, Bauer
and Hesselbrock (26) concluded that reduced amplitude of
P300 was seen in association with conduct disorder symp-
toms (subjects did not meet DSM-IV criteria for conduct dis-
order) and no evidence had been found that the family
history variable was responsible for the reduction in ampli-
tude. In the Hill and associates (24) study, because persons
in the “any diagnosis” category were as likely to have an in-
ternalizing disorder as an externalizing disorder, the pres-
ence of an externalizing disorder alone does not appear to
explain the increased likelihood of membership in the lower
P300 amplitude, slower developmental change group.

Neurological Dysfunction
A few investigators have found differences in the ability to
“stand without swaying” between both adult and adoles-
cent individuals with a family history versus those without
a family history of substance abuse (31–33). The neurolog-
ical mechanisms underlying these postural sway differ-
ences are not known; whether such ataxic symptoms reflect
dorsal column or cerebellar disturbance has not, for exam-
ple, been investigated. Also, it is not known whether stand-
ing steadiness among offspring of alcoholic individuals re-
flects a facet of generalized neurological disinhibition.
Thus, although these findings suggest that neurological
dysfunction may be a component of susceptibility to sub-
stance abuse, further research is needed to clarify the mech-
anisms and implications of such motor disturbances.

Neuropsychological Deficits
Adolescents with alcoholic or addicted parent(s) demon-
strate impairments on tests measuring attention, short-term
memory, and verbal information processing compared with
offspring of nonalcoholic, non–drug-dependent parents
(34). Theoretical reviews of the emerging literature on neu-
ropsychological risk suggest that this pattern of deficits is
consistent with a functional disorder of neural systems in
the prefrontal cortex (35). The impairments in “executive”
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TABLE 16.2
RISK FACTORS FOR ADOLESCENT SUBSTANCE
USE DISORDERS

Individual risk factors
Early childhood characteristics
Early conduct problems, aggression
Poor academic performance/school failure
Early onset of substance use
Adolescent’s attitudes and beliefs about substance use
Risk-taking behaviors
Neuropsychiatric deficits

Executive function deficits–attention, short-term memory, verbal 
processing

Temperamental traits–hyperactivity, impulsivity, mood instability

Peer-related risk factors
Peer substance use
Peer attitudes about substance use
Greater orientation (attachment) to peers
Perception(s) of peer substance use/attitudes

Parent/family risk factors
Parental substance use
Parental beliefs/attitudes about substance use
Parental tolerance of substance use/deviant behavior
Lack of closeness/attachment with parents
Lack of parental involvement in youth’s life
Lack of appropriate supervision/discipline
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cognitive processes that accompany the behavioral and
emotional dyscontrol point to the possible presence of neu-
romaturational deficits in high-risk adolescent subjects who
are ascertained on the basis of a familial history of substance
use disorders (see subsequent discussion).

Individual Pharmacological Variation
Several studies have demonstrated that high-risk adult
males with alcoholic fathers experience lower subjective
levels of intoxication in response to an alcohol challenge
compared with low-risk males (36, 37). Similar findings ap-
pear to be present for female offspring (38). This dimin-
ished reaction is likely a specific effect of alcohol rather than
a general response to CNS depressants such as diazepam
(39). These findings suggest that neurochemical variation in
the population may be associated with differences in drug
reinforcement effects, and hence with differences in propen-
sity to habitually consume abusable compounds.

Temperamental Traits
Temperamental traits are behavioral, affective, and cogni-
tive characteristics that manifest in an individual soon after
birth. Temperamental disposition, although modifiable,
tends to be relatively stable from birth throughout child-
hood. The particular expression of a temperamental trait is
the product of gene–environment interactions (40, 41).
Temperamental deviations are associated with an increased
risk for psychopathology and substance abuse (42–44). For
example, compared with children whose temperaments are
normative, children having “difficult” temperaments more
commonly manifest externalizing and internalizing behav-
ior problems by middle childhood (45) and during ado-
lescence (42, 43). The following temperamental traits have
been shown to be especially salient risk factors for sub-
stance abuse:

■ High behavioral activity level—Tarter and colleagues (46)
reported that male offspring of alcoholic individuals
were rated higher on dimensions of behavioral activity
compared with sons of nonalcoholic controls. Similarly,
adolescents who abuse substances scored higher on rat-
ings of behavioral activity level than nonabusing control
subjects (47). In addition, the magnitude of activity level
has been shown to co-vary with the severity of substance
use, psychiatric disorder, and psychosocial maladjust-
ment (47).

■ Low attention span persistence—Adolescent sons of alco-
holic individuals have been found to perform less well on
neuropsychological tests measuring attention capacity
compared with sons of nonalcoholic controls (48). In ad-
dition, adults with a family history of alcoholism exhib-
ited poorer performance on tests of abstracting, problem
solving, and perceptual motor capacity (49) compared to
subjects without a family history of alcoholism.

■ High impulsivity—Poor impulse control differentiates
children at high risk for alcoholism from those at low

risk (50, 51). Poor impulse control in childhood also
predicts marijuana use at age 18 (52).

■ Mood instability—Children described as irritable and
prone to temper tantrums were more likely to use drugs
as adolescents (53) compared with those not displaying
such traits. Shyness in early childhood is another predic-
tive factor for adolescent substance use (54). Recent
studies have reported an association between early
age–onset substance use and emotional reactivity (55,
56). Tarter and associates (57) reported that irritability
may be a component of vulnerability to substance use
disorders; by early adolescence, irritability is associated
with use of alcohol and drugs as a coping response. De-
viations in affective dimensions of temperament (e.g.,
soothability, emotionality), which may underlie insta-
bility in arousal regulatory processes, may also constitute
risk factors for subsequent substance use disorders (35).

The traits of high activity level, low attention span per-
sistence, and high impulsivity converge to confirm the cat-
egorical diagnosis of attention deficit hyperactivity disorder
(ADHD) as a risk factor for substance abuse. A number of
studies have reported an elevated rate of paternal alco-
holism in children diagnosed with hyperactivity (58–60).
Retrospective reports of alcoholic adults also suggest an in-
creased frequency of childhood hyperactivity in individuals
who subsequently become alcoholic (61, 62). Similarly,
the results of prospective studies indicate that childhood
hyperactivity increases the risk for alcoholism (58, 63–65).
However, substance use disorders among individuals with
a history of ADHD may be mediated largely by a history of
conduct disorder, although the presence of both ADHD
and conduct disorder may confer a level of risk beyond that
conferred by either disorder alone (58). Martin and col-
leagues (66) found that the primary components of
ADHD—namely, impulsivity, hyperactivity, and inatten-
tion, in addition to aggressivity—distinguished preadoles-
cent sons of substance-abusing fathers from sons of
non–substance-abusing fathers.

Many of these temperamental deviations are associated
with other nonnormative traits; thus, children and adoles-
cents at risk for substance use/abuse often have multiple
risk characteristics (67). In addition, temperamental devia-
tions can be associated with more complex patterns of be-
havior such as aggression, or with categorical psychiatric
diagnoses such as ADHD, conduct disorder, or mood dis-
orders. These diagnoses are all associated with increased
risk for substance abuse. The point to be made, however, is
that the matrix of risk factors is multifaceted, spanning the
dimensional as well as the categorical neuropsychiatric
processes that encompass cognition, affect, and behavior.

Several investigators have attempted to define specific
temperamental subtypes that may help distinguish sub-
groups of individuals with substance use disorder. Tarter and
colleagues (68) classified alcoholic adolescents into two
broad clusters. One subgroup consisted of youth who

324 Section II: Neuropsychiatric Aspects of Psychiatric and Behavioral Disorders of Children and Adolescents

75191_ch16.qxd  10/4/05  16:09  Page 324



demonstrated behavioral dyscontrol and hypophoria; a
smaller subgroup consisted of individuals with primarily
negative affect. These subgroups differed with respect to age
at first drug use and age at first substance use disorder diag-
nosis, as well as with regard to the severity of their substance
use disorder, behavioral disturbance, or psychiatric disorder.
Adolescents classified as having “difficult” temperaments
loaded on the negative-affect factor. On the basis of the dis-
tribution of various risk factors, Zucker and coworkers (69)
hypothesized the existence of three subtypes of alcoholism:
antisocial alcoholism, negative-affect alcoholism, and devel-
opmentally limited alcoholism. Cloninger (70) proposed
two subtypes of alcoholism—type I (milieu-limited) and
type II (male-limited)—defined according to gender, family
history of alcoholism, presence of antisocial behavior, age at
alcoholism onset, and personality traits. To date, Cloninger’s
subtypes have not been validated and have been subjected to
much criticism (71, 72). Thus, the number of putative sub-
types in the literature reinforces the heterogeneity of early-
onset alcohol use disorder and illustrates the multiplicity of
pathways to this outcome.

Many of the temperamental traits reported to place
youth at risk for substance use disorders can be subsumed
within the larger construct of impaired executive self-
regulation of goal-directed behavior. Executive cognitive
functioning encompasses attention, self-monitoring, mo-
tor control, abstract reasoning, and cognitive flexibility
(73). Deficits in these capacities are generally accepted to
reflect prefrontal cortex dysfunction (73, 74). Significantly,
preadolescents at risk for substance use disorders have been
shown to perform poorly on measures of executive cogni-
tive functioning (34, 75). Executive cognitive functioning is
also associated with aggression, another risk factor for sub-
stance use disorders (76–78). From these findings, consid-
ered in total, it is plausible to conclude that deviations in
temperament—reflecting poor regulation of affect and
behavior—and deficits in executive cognitive functioning
place youth at risk for conduct disorder and substance use
disorders. Executive cognitive deficits are noted after head
injury and in conditions such as ADHD and conduct disor-
der, which are also associated with early or adolescent on-
set of substance use problems (79).

Changes in executive cognitive functioning may also be
the result of acute or chronic substance use. Acute alcohol
intoxication results in decreases in prefrontal glucose
metabolism and disrupts a number of executive cognitive
functioning processes (79).

Neuropsychological and Neurobiological
Factors in the Development of
Substance Dependence

Psychoactive substance consumption is primarily motivated
by the reinforcing consequences of substance use (80). In ef-
fect, these substances are consumed either to induce a state
of euphoria (i.e., positive reinforcement) or to relieve the

person from an aversive mood state (i.e., negative reinforce-
ment). The dependence liability of a psychoactive com-
pound is identified by the propensity of laboratory animals
to self-administer that substance (81). Some abusable drugs
have no primary reinforcing effects (e.g., hallucinogens,
anabolic steroids); for these substances, consumption is reg-
ulated primarily by secondary (learned) reinforcers. All
abusable compounds have specific neuropsychiatric effects;
that is, they change behavior, mood, and cognition. Thus,
used as positive reinforcers, drugs enhance mood, cognition,
or behavior. Used as negative reinforcers, drugs ameliorate
deficiencies in one or more of these processes. In addition to
their behavioral effects, abusable drugs have both acute and
long-term effects that manifest as neuropsychiatric distur-
bances (i.e., symptoms or disorders).

Neurobiological Substrates of Drug Reward
Drug reinforcement involves activation of the dopaminer-
gic system subserving reward centers of the brain (80–83).
Different substances may have different mechanisms for ac-
tivating or influencing dopaminergic systems. During drug
intoxication, increases in striatal dopamine are associated
with a drug’s reinforcing effects only if dopamine changes
occur rapidly (84). Increases in extracellular dopamine are
achieved by blocking dopamine transporters (DAT) (85).
The faster the DAT blockade, the stronger the “high”;
whereas the rate of clearance from DAT modulates the fre-
quency at which these drugs are self-administered (84).
Craving may be related to dopamine-induced activation of
the orbitofrontal cortex. In a study of functional magnetic
resonance imaging (fMRI) comparing adolescents with
AUDs with infrequent drinkers, adolescents with AUDs
showed greater brain activation of left anterior, limbic, and
visual systems in response to pictures of alcohol beverages.
These findings demonstrate an association between the
urge to drink and activation of brain areas linked to reward,
positive affect, and episodic recall (86).

The orbitofrontal cortex and the anterior cingulated
gyrus, which are connected to other limbic structures, are
activated in addicted subjects during intoxication, craving,
and binging and deactivated during withdrawal (87). These
frontal cortical regions are also involved in higher-order
cognitive and motivational functions, particularly in deter-
mining the salience of a reinforcer. Addiction results from
the overvaluation of drug reinforcers (i.e., substances of
abuse) and undervaluing alternative reinforcers (e.g., going
to work and earning a living, doing well in school, or eat-
ing in a sensible manner) in addition to the presence of
deficits in inhibitory control for drug and other deviant be-
havioral responses (87). In a review of the literature under-
lying motivation, impulsivity, and addiction, Chambers,
Taylor, and Potenza (88) speculate that immature in-
hibitory substrates (e.g., impulsivity) in frontal cortical and
subcortical monoaminergic systems promote greater moti-
vational drives for novel experiences, including substance
use. Not only are “normal” adolescents vulnerable due to
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the incomplete development of this neurocircuitry but
those with comorbid psychiatric disorders such as ADHD
with chronic deficiencies in impulsivity and motivational
neurocircuitry are even more vulnerable to substance use
and subsequent SUDs.

Other neurotransmitter systems (serotonergic, adrener-
gic, and gamma-aminobutyric acid [GABAergic]) are also
involved in regulating motivated behavior and thus are
also linked to the reinforcement effects of drugs (80). For
example, serotonin may inhibit many of the systems that
activate drug response and reinforcement. Substances of
abuse act on many types of neurotransmitters and receptors
(see Table 16.3).

Conditioned responses concomitant to drug use de-
velop in relation to environmental cues such as certain peo-
ple, places, or objects. Activation of conditioned responses
produces craving. The mechanisms regulating craving are
not well understood but are thought to entail an associa-
tion between reward centers and memory centers located in
the hippocampus (80, 83). In effect, the user comes to as-
sociate specific cues or stimuli with prior experiences of
drug-induced positive or negative reinforcement. Craving
ensues as an emotional-motivational anticipatory response
to potential reinforcement. Craving as a phenomenon in
adolescents has received little research attention; however,
it is a central component of the dependence syndrome
(89). A significant percentage of adolescents who meet cri-
teria for alcohol dependence report craving (90).

Activation of brain reward centers that results in motiva-
tion to continue ingestion explains only one facet of sub-
stance dependence behavior. Physical dependence, manifest-
ing as chronic tolerance or as onset of withdrawal upon
cessation of use, is also a major factor in the progressive in-
crease and maintenance of substance use. Tolerance results
when the CNS adapts to the substance in an attempt to pro-
mote homeostasis. Withdrawal, a related phenomenon, is a
rebound condition caused by substance-induced CNS alter-
ation; that is, readaptation of the CNS occurs consequent to
the absence of the substance. A sustained period of regular

drug use is required for both development of tolerance to a
substance and termination of withdrawal symptoms after
discontinuing its use, and their presence and severity vary ac-
cording to the frequency of use and the amount of the sub-
stance consumed. The more variable pattern of substance
use in adolescents compared with adults might explain the
relatively infrequent occurrence (in less than 10% of adoles-
cents with SUDs) of withdrawal syndromes or of high levels
of tolerance in this population (90–92). Among heavy ado-
lescent alcohol users (drinking five or more drinks 16 or
more times a month), 18.6% met DSM-III-R criteria for al-
cohol withdrawal syndrome and reported an average of 2.72
withdrawal symptoms, most commonly nausea and vomit-
ing, depression/irritability, muscle aches, and course tremor
(91). Recent reports have found a high rate of withdrawal
symptoms for adolescents with higher levels of cannabis and
amphetamine use (91, 93) as well as with marijuana users in
the community (94). Polysubstance use and cigarette use
predicted a higher level of withdrawal symptoms.

Because of their disruptive physiological effects and the
aversive state associated with drug withdrawal, abusable
substances act as negative reinforcers (i.e., by promoting
substance use behaviors). Concomitantly, as tolerance in-
creases with continued drug use, the reinforcing effects be-
come progressively more difficult to obtain and the absti-
nence syndrome becomes more severe (95). This dilemma
results in a motivational spiral of progressively larger
amounts of drugs being consumed both to achieve a rein-
forcing effect and to forestall the onset of withdrawal. At
this stage, dependence is recognized to be severe.

Neuropsychological factors may not be important at all
stages in the development of a substance use disorder. The
factors that lead to initial and experimental use of psychoac-
tive substances by children or adolescents are likely very dif-
ferent from those that lead to persistent or pathological use
(96). The onset of substance use in youth is usually socially
based and is linked to preexisting dispositional traits such as
behavioral deviancy (97). Numerous factors that predispose
to drug use have been identified. Social influences, including
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TABLE 16.3
SITES AND PHARMACOLOGICAL ACTIONS OF COMMON DRUGS OF
ABUSE

Substance Proposed Action Brain Site

Alcohol Facilitation GABA receptors
Inhibition NMDA (glutamate) receptors

Cannabis/Marijuana Agonist Cannabinoid receptors
Hallucinogens (e.g., LSD) Partial agonist 5-HT2 receptors
Opiates Agonist Opioid receptors
Cocaine Inhibition Monoamine reuptake systems (dopamine,

norepinephrine, serotonin)
Nicotine Agonist Nicotinic acetylcholine receptors

Note: 5-HT2 � 5-hydroxytryptamine (serotonin); GABA � gamma-aminobutyric acid; LSD � lysergic acid
diethylamide; NMDA � N-methyl-d-aspartate.
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the need for peer approval, may be sufficient to produce lev-
els of use high enough to cause psychosocial impairment or
negative consequences that meet diagnostic criteria for sub-
stance abuse. At later stages of use, neuropsychological and
conditioning factors become more important as the adoles-
cent begins to display a pattern of dependence manifested by
craving, compulsions to use, and preoccupation with
procuring and consuming the substance. The diagnostic cri-
teria for dependence are most often met when the substance-
induced effects are themselves reinforcing.

Genetic Influences on Adolescent
Substance Use

Researchers have long observed that alcohol and other sub-
stance use run in families (98, 99). The familial risk for sub-
stance use and substance use problems does not assume a
genetic basis because both genetic and environmental fac-
tors within a family can influence substance use outcomes
(100). Using twin or adoption studies to disentangle envi-
ronmental versus genetic risk, there is substantial evidence
for genetic influences on adolescent substance use, al-
though the magnitude of the influences is moderated by
such factors as specific environmental contexts, gender,
specific substances, age, and regional influences (101).

Genetic factors appear to play a greater role in individual
differences in the persistence of serious drug problems than
in social or experimental use of substances (102–105). Ge-
netic influences play a role when environments allow for
the expression of the genetic risk. The genetic risk, as well as
the shared environmental risk, appears to be nonspecific
(106, 107), although some groups have reported substance-
specific risk (108). Shared environment, particularly sibling
interactions, have a large influence on adolescent alcohol
use, smoking, and other substance use (101). Shared envi-
ronment may have a more substantial impact in early ado-
lescence or upon initiation into substance use, although
genetic influences may be stronger for older adolescents
(109). Genetic variation in personality dimensions such as
impulsivity or disinhibition (see previous discussion) or in
liability to externalizing disorders (e.g., conduct disorder)
may influence the risk for SUDs for most substances (110).
Genetic variation may also exist in systems such as the
dopaminergic reward system, which are activated by most
substances of abuse (111).

The recent increase in knowledge about the human
genome has allowed identification of chromosomes, re-
gions of chromosomes, and specific regions that may con-
tribute to the complex behaviors of AUDs. As research has
not identified a single gene responsible for substance use or
SUDs, studies have centered on the search for genes that
contribute the largest percentage of risk for developing
SUDs. A specific form of a gene (i.e., polymorphism) may
be only one of several genetic mechanisms for the develop-
ment of AUDs. Given the significance of dopamine in the
reward pathway, most studies have focused on dopamine
gene polymorphisms. Variation at the dopamine D2 recep-

tor gene (i.e., DRD2) has been extensively studied in rela-
tion to the risk for AUDs and SUDs (104). As with much of
the genetic literature, although some studies report an as-
sociation between SUDs and D2, others have failed to find
this association. Other evidence suggests that the DRD2
gene may be nonspecific in conferring risk for various ad-
dictive, compulsive, and impulsive disorders. Several genes
have been associated with other deviant behaviors associ-
ated with the risk for SUDs, such as aggression and impul-
sive behavior (Monoamine oxidase A (MAOI-A); serotonin
5-HT-1B), ADHD (e.g., DRDR, dopamine transporter–1
[DAT-1]), sensation-seeking (DRD4) (104).

NEUROPSYCHIATRIC EFFECTS
OF SUBSTANCE USE

Acute Effects

The acute effects of substance use pertain to level of intoxi-
cation and pharmacological recovery from a single expo-
sure. There are numerous factors however that can modify
both the effect of the substance and the experience of the
user. Compared with adults, adolescents are more likely to
be novice or inexperienced in the use of specific substances
and their simultaneous combinations (e.g., alcohol and to-
bacco). Adolescents may not be knowledgeable about what
constitutes a safe dose, nor about the level of change or im-
pairment produced by specific substances. In part because
of this inexperience, the manifestation of pronounced ef-
fects may precipitate in the adolescent user an extreme level
of distress, particularly agitation and anxiety. These reac-
tive, dysphoric states may compound the direct neurophar-
macological effects of a drug use episode.

Expectations regarding use and the social context of use
are also important mediators of the pharmacological ac-
tions (112) that culminate in mood, cognitive, and behav-
ioral changes. Adolescents’ expectations of the effects of
substance consumption are different from those of adults.
These expectations may influence an adolescent’s decision
to initiate consumption. Importantly, in the absence of
knowledge or experience, expectations can be both incor-
rect and maladaptive. With respect to inaccuracy, young
people may believe that alcohol is an aphrodisiac or an
analgesic. Furthermore, expectations regarding substance
use can impose personal risk. Among adolescents, disinhi-
bition—for example, getting “falling down drunk”—may
be seen as a goal of drinking rather than a negative conse-
quence to avoid. Deviant social behavior while under drug
influence (e.g., aggressive behavior) may also be more ac-
ceptable in certain adolescent populations than in adults in
general. Thus, users’ expectations about the effects of drugs,
and the resulting behaviors while under acute influence,
moderate the neuropharmacological effects of drug use.

Drug dose, of course, is an important determinant of a
drug’s acute effects. Dose is a multifaceted parameter that
is often difficult to ascertain in naturalistic settings. Quan-
tity and purity synergistically determine the individual’s

Chapter 16: Substance Use Disorders 327

75191_ch16.qxd  9/27/05  12:53  Page 327



response from both a pharmacological and a neuropsychi-
atric perspective. Intoxication is thus a graded effect, albeit
one that is reversible and substance specific (113). Very lit-
tle is known about intoxication sequelae in youth however,
because laboratory research on the response of human sub-
jects to pharmacological challenge is ethically unjustifiable.

Not every intoxication episode is pathological (i.e.,
producing maladaptive changes). Among adolescents,
many such episodes do not appear to be accompanied by
negative consequences (or at least not by negative neu-
ropsychiatric sequelae). Nonetheless, it is important for

clinicians to be cognizant of the paucity of empirical
research on this topic.

Adolescents commonly display a pattern of substance
use behavior different from that of adults. Alcohol con-
sumption is typically expressed as a binge pattern rather
than as persistent and continuous drinking (114). Intoxi-
cation, depending on the specific substance, produces an
array of neuropsychiatric effects involving alteration of per-
ception, thought processes, mood/affect, and behavior.
Table 16.4 summarizes the acute neuropsychiatric effects of
drugs commonly used by adolescents.
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TABLE 16.4
ACUTE NEUROPSYCHIATRIC EFFECTS OF DRUGS COMMONLY USED BY ADOLESCENTS

Substance Perception Thought processes Mood/affect Behavior

Alcohol

Low dose • Impaired visual-motor • Impaired judgment, • Initial excitement, • Increased motor activity
abilities (e.g., judging concentration, recent relaxation, joviality • Disinhibition
distances) memory • Occasional irritability • Impaired reaction time,

• Dulling of pain perception • Later depression fine motor dexterity
• Slurred speech

High dose • More of the above • Disorganized thinking, • Low frustration tolerance • Impaired motor control
confusion • Mood swings

• Stupor, coma • Depression • Socially unacceptable 
behavior

Cannabis (marijuana)

Low dose • Greater sensitivity to stimuli • Impaired judgment, • Euphoria • Sedation
short-term memory, • Sense of well-being • Impaired motor
attention span, • Relaxation coordination (balance,
information standing)
processing • Disinhibition

• Spontaneous laughter
• Impaired ability to

perform complex
motor tasks

High dose • Altered self-image • Rapid, fragmented • Anxiety, panic • Impaired ability to 
(depersonalization) thoughts perform simple motor

• Anesthesia • Confusion tasks; impaired reaction 
(pseudohallucination) • Delusions, paranoia, time

• Hallucination psychosis, delirium • Agitation

Cocaine/stimulants

Low dose • Improved concentration, • “Rush,” euphoria, • Restlessness, 
attention, task increased energy excitement, activation
persistence • Grandiosity • Decreased appetite

• Flight of ideas • Dysphoria (irritability), • Insomnia
anxiety

High dose • Hallucinations • Psychosis • Panic, dysphoria • Excitation, agitation,
• Perceptual distortions • Paranoia impulsivity, aggression
• Pseudohallucinations, • Coma

including tactile
Postuse • “Crash” • Agitation

– Dysphoria
– Depression
– Irritability

(continued)

75191_ch16.qxd  9/27/05  12:53  Page 328



TABLE 16.4
(continued)

Substance Perception Thought processes Mood/affect Behavior

Opiates

Low dose • Analgesia (reduced • Mental clouding • Euphoria • Sedation
sensitivity and emotional • Impaired concentration • Relaxation • Decreased physical
response to pain) and attention • Rush activity 

• Giddiness • Apathy
• Motor incoordination,

slurred speech
High dose • Stupor, coma • Sleep

Sedatives/hypnotics

Low dose • Impaired perception • Impairment in attention, • Relaxation, calm • Sedation
• Blurred vision memory, concentration • Occasional euphoria • Motor incoordination

• Disinhibition
• Slurred speech

High dose • Confusion • Mood swings • Deep sleep
• Stupor • Depression
• Coma

Hallucinogens

Low dose • Visual hallucinations • Impaired short-term • Labile mood • Variable withdrawal
• Perceptual (time, memory, concentration • Tension • Hypervigilance

space) distortions • Pseudoinsight • Fearfulness
• Sensory overflow

(anesthesia)
High dose • Depersonalization • Depression

• Derealization • Anxiety
• Panic
• “Bad trip”

Postuse • “Flashbacks”
– Intensification of

perceived stimuli
– Perception of motion

of fixed objects
– Geometric patterns

superimposed on
field of vision

Phencyclidine (PCP)

Low dose • Distortion (time, body • Impaired attention, • Euphoria • Sedation
image, space, visual, concentration • Relaxation • Motor incoordination
auditory, perception) • Preoccupation with • Lability • Restlessness

trivial matters • Incoherence
High dose • Derealization • Disorganization • Anxiety • Agitation

• Depersonalization • Confusion • Panic • Aggression, violence
• Decreased pain awareness • Paranoia • Depression • Mutism

• Psychosis • Catatonia (rigidity)
• Stupor • Erratic/bizarre behavior
• Amnesia

Inhalants

Low dose • Dizziness • Impaired judgment • Euphoria • Disinhibition
• Anesthesia (numbness) • Motor incoordination
• Disassociation • Slurred speech
• Perceptual distortions

(size, shapes, time)
• Pseudohallucinations
• Abnormal sensitivity

to light
• Double vision
• Ringing in ears

(continued)
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A compound’s neuropsychiatric effects are determined
largely by its neuropharmacological properties. Am-
phetamines and other stimulants exert their action by
releasing dopamine and norepinephrine from the presy-
naptic neuron and by blocking their reuptake by the presy-
naptic neuron. The net result is greater availability of neu-
rotransmitter in the synapse. Thus, stimulant action on
dopaminergic neurons in the mesolimbic area produces
mood changes, whereas action in the mesocortical cortex
affects higher cognitive processes.

Lysergic acid diethylamide (LSD) acts primarily on the
serotonergic system, where it exerts both inhibitory and ex-
citatory effects. Alcohol and other sedative/hypnotic com-
pounds affect several neurotransmitter systems. Effects on
GABA (a major inhibitory neurotransmitter) receptors and
the associated calcium channel complex may be involved in
alcohol-induced anxiolytic responses. Alcohol’s effects on
the dopaminergic and serotonergic systems probably influ-
ence its reinforcing properties (115, 116). Opiates stimulate
endogenous opiate receptors, inducing permanent changes
in receptor function (117). Marijuana exerts its action by
way of is primary psychoactive ingredient, delta-9-tetrahy-
drocannabinol (THC), which acts through activation of the
CB1 cannabinod receptor (118). CB1 is a G protein–linked
receptor located in the central and peripheral nervous sys-
tems and located presynaptically. CB1 reduces the uptake of
GABA and dopamine, thus potentiating their action.

With respect to specific acute neuropsychiatric distur-
bances, an interesting phenomenon is the blackout, a form
of anterograde amnesia during which the individual loses
memory for all or part of the events taking place during a
drinking episode (119, 120). A blackout is most likely to
occur when a large volume of alcohol is consumed within
a short time. Although usually associated with alcohol,
blackouts can also occur with other depressant substances,
such as benzodiazepines and barbiturates (121, 122).
Blackouts may be an important warning sign of the de-
velopment of alcohol dependence (123). Blackouts are
common among adolescents with alcohol use disorders, al-
though they occur at a somewhat lower frequency in youth

than in adults (48 versus 84) with these disorders (124). Al-
cohol idiosyncratic intoxication, or pathological intoxication,
is a condition characterized by maladaptive behavioral
changes (e.g., aggressive or assaultive behavior) induced by
the ingestion of amounts of alcohol insufficient to produce
intoxication in most people. Although listed in DSM-III-R
(8), idiosyncratic intoxication was omitted as a separate di-
agnosis from DSM-IV because supporting evidence was
lacking that the condition is distinct from intoxication or
that it exists under experimental conditions.

Chronic Effects

There is considerable literature on the neuropsychiatric se-
quelae of alcohol and other substance use among adults
(125, 126) (see Table 16.5). In contrast, there is a dearth of
research directed at the chronic or long-term neuropsychi-
atric sequelae of substance use and abuse among adoles-
cents. This lack of attention is rather remarkable, given
these substances’ strong neuropharmacological effects and
the fact that adolescents are still undergoing brain matura-
tion in tandem with physical, psychological, and en-
docrinological maturation (127, 128).

The available evidence indicates for example, that mild
deficits in Wechsler Verbal IQ or poor academic language
performance distinguish alcoholic adolescents from nonal-
coholic control subjects (129). It is possible, however, that
these deficits may not be attributable solely to chronic ex-
posure to alcohol but partially antedate substance involve-
ment, especially in adolescents displaying other forms of
deviant social behavior (130, 131). Female adolescent sub-
stance abusers have also been shown to have mild intellec-
tual deficits (132).

Protracted substance abuse in adolescents over 4 years of
follow-up was associated with significantly poorer subse-
quent functioning on tests of attention (133). In addition,
alcohol and drug withdrawal accounted for significant vari-
ance in visual-spatial functioning, above and beyond de-
mographic, educational, and health variables in detoxified
late adolescents and young adults. These results suggest that
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TABLE 16.4
(continued)

Substance Perception Thought processes Mood/affect Behavior

High dose • Hallucinations • Temporary delusions • Depression • Impulsive, bizarre
• Toxic psychosis behavior

• Aggression
• Delirium

Tobacco (nicotine)

• Impaired vigilance, • Relaxation • Improved reaction time
information processing,
attention
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alcohol and drug withdrawal may be a more powerful
marker of protracted neuropsychological impairments than
other indices of youthful alcohol and drug involvement. Af-
ter controlling for recent use, age, education, practice effects,
and baseline neuropsychological functioning, substance
use over the 8-year follow-up period significantly predicted
performances on tests of memory and attention at Year 8 in
youths with histories of substance use disorders and com-
parable youths with no such lifetime histories (134). Addi-
tionally, withdrawal symptoms during the follow-up
predicted visuospatial and attention scores at Year 8.

An interesting example of a chronic, substance-induced
cognitive-sensory effect is the “flashback.” Flashbacks from
LSD or other hallucinogens spontaneously occur weeks or
months following an episode of use and may be precipi-
tated by stress, fatigue, or ingestion of other substances
such as marijuana (135). This experience is more common
in frequent users. Examples of flashback phenomena in-
clude intensification of stimuli, apparent motion of fixed
objects, and superimposition of geometric shapes on the
field of vision (136).

Psychiatric Disorders
Despite ample evidence demonstrating the neuropsychi-
atric effects of substance use (and associated transient
neuropsychiatric symptoms) and acute intoxication, little
evidence exists that substance use or abuse directly causes
persistent neuropsychiatric syndromes (137). With respect

to externalizing or disruptive-behavior disorders (i.e.,
ADHD, conduct disorder, oppositional defiant disorder) or
delinquency, for example, it has been consistently found
that these conditions almost always precede substance use,
although conduct disorder can worsen or be more persis-
tent in adolescents with SUDs (110). A relation appears to
exist between substance use/abuse and mood disorders.
Marijuana may worsen depressive symptoms in depressed
patients (138). Cross-sectional studies have shown an as-
sociation between cannabis use and depressive symptoms
in a community sample of adolescents (139, 140). Mari-
juana use increases the risk of later depression (141) and of
both depression and anxiety (142).

Depressive disorders among adolescents have been
shown to emerge after the onset of a SUD; however, the
natural history of comorbid mood–substance use disor-
ders in adolescents appears to be different from that in
adults (143, 144). Whereas depressive symptoms in adults
with SUDs usually remit rapidly with abstinence, a sub-
stantial proportion of adolescents with comorbidity con-
tinue to display depressive symptoms after several weeks
of abstinence. This finding suggests that these adolescents
may have a predisposition toward affective disorders such
that these disorders, once manifest, are less responsive to
abstinence or treatment. Thus, whereas in adults the rapid
amelioration of depressive symptoms indicates that psy-
choactive substances have a direct etiological effect on
mood (145), the lack of a similar response in adolescents
suggests that the etiological mechanisms leading to de-
pressive symptoms in this age group may be different
from those in adults.

Anxiety disorders are frequently present in adolescents
with SUDs (146, 147). Generalized anxiety disorder and
panic disorder may be consequences of chronic use (148).
Similar to the findings in adults, adolescents in treatment
for SUDs and in the community manifest high rates of so-
cial phobia and posttraumatic stress disorder (146, 147).
However, panic disorder and generalized anxiety disorder
appear to be rare among adolescents seeking treatment for
alcohol abuse or dependence (146), a finding which sug-
gests that social phobia likely precedes alcohol dependence
and that initiation of alcohol use may represent an attempt
to self-medicate this disorder. Children and adolescents
with posttraumatic stress disorder (PTSD) are also at in-
creased risk for the development or morbidity of SUDs in
adolescence and adulthood (149, 150).

Substance use disorder among adolescents is a risk fac-
tor for suicidal behavior, including ideation, attempts, and
completed suicide (151). Marijuana use for example is as-
sociated with an increase in suicidal behavior (152). Possi-
ble mechanisms underlying this relationship include the
acute and chronic effects of psychoactive substances. Ado-
lescents who commit suicide are frequently found to have
been using alcohol or other drugs at the time of the suicide
(153, 154). Acute effects of substances include a transient
and intense dysphoric state, disinhibition, impaired
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TABLE 16.5
LONGTERM NEUROPSYCHIATRIC SEQUELAE OF
SUBSTANCES OF ABUSE

Substance Potential chronic effects/sequelae

Alcohol Confusion, apathy, memory loss
Wernicke-Korsakoff syndrome

Marijuana/Cannabis Anxiety, panic episodes, paranoia
chronic fatigue, lethargy, psychosis

Hallucinogens Flashbacks (persistent perception
disorder), paranoia

Opiates Dependence syndrome
Mood symptoms

Cocaine Mood symptoms (depression/mania)
Anxiety
Psychosis, paranoia
Insomnia, anorexia

Stimulants/ Mood symptoms (depression/mania)
amphetamines Anxiety

Psychosis
Insomnia, anorexia

Sedative/hypnotics Dependence syndrome
Inhalants Cognitive dysfunction (memory,

concentration deficits), 
encephalopathy, confusion,
depression, psychosis, paranoia

Anabolic steroids Mood symptoms (depression/mania)
Aggression
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judgment, and an increased level of impulsivity. Drug use
may also exacerbate preexisting psychopathology, includ-
ing depression or anxiety disorders (145, 155). In adoles-
cents, substance use disorders are often seen concurrently
with other neuropsychiatric conditions, including mood,
anxiety, eating, and conduct disorders (137). Each of these
disorders confers an increased risk of suicidal behavior in
adolescents (156) as well as an increased risk of substance
use disorders (137). Comorbidity, especially that of mood
disorders with other nonmood conditions such as sub-
stance use disorders, is one of several putative risk factors
for completed suicide (157, 158).

Many adolescents with substance use disorders manifest
aggressive behavior (155, 159). Consumption of abusable
substances such as alcohol, amphetamines, or phencycli-
dine increases the likelihood of aggressive behavior (160).
The direct pharmacological effects of drugs may be exacer-
bated by the presence of preexisting psychopathology, the
use of multiple agents simultaneously, or other factors hav-
ing to do with the relative inexperience of the adolescent
substance user. Chronic aggressive behavior among adoles-
cents is often associated with a diagnosis of conduct disor-
der, and this diagnosis almost always precedes the sub-
stance use (161–163). Aggressive behavior at an early age
predicts subsequent substance abuse (10, 164). Severely
aggressive behavior precedes serious involvement with
drugs (165).

Individuals with suicidal or aggressive behavior share
certain biochemical characteristics, such as deficits in no-
radrenergic, serotonergic, and GABA/ benzodiazepine sys-
tems (166). Psychoactive substances can affect each of
these neurotransmitter systems, and each has a role in the
pathogenesis of several neuropsychiatric disorders. For
example, Ballanger and colleagues (167) reported that
chronic alcohol use may result in serotonergic depletion,
although this finding is complicated by the possibility that
these states preceded alcohol use. Research has linked low
serotonergic states with suicidal and aggressive behavior in
adults (168). Among aggressive and impulsive adult of-
fenders, investigators have found very high rates of suicidal
behavior and early onset substance abuse that correlate
with low levels of serotonin metabolites (169, 170).

In addition to the acute and chronic effects of psychoac-
tive substances on neurotransmitter systems, abnormalities
of these neurotransmitter systems may precede the devel-
opment of SUDs. Such biochemical abnormalities may
contribute to increased risk by means of a number of pos-
sible mechanisms. For example, serotonergic deficits may
underlie impulsive and aggressive behavior and poor
mood regulation, as well as predispose an individual to
specific psychiatric diagnoses. These psychiatric problems
may lead to an increased risk for the development of
substance use disorders. In addition to problems with ag-
gression, impulsivity, and mood, neurotransmitter abnor-
malities may manifest as sensitized brain reinforcement
produced in response to various psychoactive substances,

thus promoting the risk for a behavioral pattern that leads
to substance dependence.

Psychiatric disorders in childhood, primarily disruptive-
behavior disorders as well as mood or anxiety disorders, con-
fer an increased risk for the development of substance use
disorders in adolescence (110, 137). The etiological mecha-
nisms underlying this effect have not, however, been sys-
tematically researched. Within a general pattern of deviancy,
alcohol and drug consumption can be considered as part of
the nonnormative lifestyle. In an individual with an inter-
nalizing type of disorder (e.g., anxiety or depression), sub-
stances have the obvious short-term benefit of reducing
negative or aversive mood states. Hence, there are many fac-
tors, including classical conditioning principles, that interact
to predispose an individual to initiation and maintenance of
substance use. The literature on the risk for adolescent sub-
stance use disorders has recently been reviewed within an
epigenetic framework (68) in which a substance abuse out-
come is viewed as the culmination of ongoing gene–-
environment interactions. Conceptualizing substance abuse
in this way—as the end point of a succession of ontogenetic
processes rather than the result of a single isolated event—
has the potential to yield new perspectives on and possibly
more effective approaches to prevention.

Brain Changes
Both cross-sectional and longitudinal imaging studies have
suggested greater brain shrinkage in adults with alcohol
dependence relative to comparison subjects.Volumetric
magnetic resonance imaging (MRI) comparisons between
alcohol-dependent subjects and healthy subjects have re-
ported that individuals diagnosed with alcohol depen-
dence show greater age-related brain atrophy (171, 172).
Morphometric characteristics of adult cocaine abusers,
including blunted age-related increases in frontal and tem-
poral white matter (173) and accelerated age-related reduc-
tions in temporal lobe gray matter (174), are similar to
characteristics seen in adult subjects with alcohol depen-
dence atrophy. Comorbid cocaine and alcohol use disor-
ders (but not marijuana use disorder alone) may accelerate
white matter shrinkage with age relative to alcohol depen-
dence alone (175).

Two studies in adolescents show consistent findings. De-
Bellis and associates (176) used MRI to measure the hip-
pocampal volumes and volumes of comparison brain re-
gions in 12 subjects with alcohol use disorders and 24
comparison subjects matched on age, gender, and handed-
ness. Both left and right hippocampal volumes were signif-
icantly smaller in subjects with alcohol use disorders than
in comparison subjects. Total hippocampal volume corre-
lated positively with the age at onset and negatively with the
duration of the alcohol use disorder. There were no group
differences in intracranial, cerebral, and cortical gray and
white matter volumes and midsagittal area of the corpus cal-
losum. Hill and colleagues (177) used MRI to measure cere-
bral, amygdala, and hippocampal volumes in 17 high-risk
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adolescent and young adult offspring from multiplex alco-
holism families and 17 matched control subjects without a
family history for alcoholism or other substance depen-
dence. As 22 of the subjects were part of a longitudinal
prospective study examining P300 ERPs, this study was able
to relate developmental trajectories in ERPs to structural
brain volumes. High-risk adolescents and young adults
showed reduced right amygdala volume in comparison
with control subjects. Right amygdala volume was signifi-
cantly correlated with visual P300 amplitude. These results
suggest that high-risk offspring from high-density alcoholic
families differ in both neurophysiological and neu-
roanatomical characteristics that could not be explained by
personal drinking history or particular childhood and ado-
lescent psychopathology. Because amygdala volume tends
to increase during childhood and adolescence, the smaller
volumes in high-risk children may indicate a developmen-
tal marker for alcoholism risk that parallels the association
between risk and delays seen in visual P300 amplitude (24).

Effects of Maternal Drug Use on Offspring

Establishing links between prenatal drug exposure and
subsequent developmental, neurological, and neuropsy-
chiatric outcomes is problematic because it is difficult to
determine the dose or extent of the exposure (i.e., the
type[s] of substances used by the mother, the frequency
and quantity used, and the pregnancy stage[s] during
which the use occurred) and to separate the effects of the
exposure from those of other forces in the prenatal and
postnatal environment. Additional influences include poor
maternal nutrition, stress, and psychiatric illness (178).

Fetal alcohol syndrome occurs in approximately 1.9 live
births per 1,000 worldwide, between 2.8 and 4.8/1,000 in
the United States, and among 2 to 10% of alcoholic moth-
ers (179, 180). In addition to intrauterine growth retarda-
tion and distinctive facial and other minor physical abnor-
malities, fetal alcohol syndrome is characterized by
microcephaly, delayed development (including intellectual
delays), attentional deficits, learning disabilities, and hy-
peractivity (181–183). Non–fetal alcohol syndrome off-
spring of alcoholic mothers show an increased incidence of
intellectual impairment (184). Several reports have docu-
mented lower intellectual ability, poorer academic achieve-
ment, and greater problems with attention and hyperactiv-
ity (185, 186) in these offspring of alcoholic mothers.

For infants prenatally exposed to cannabis (marijuana),
investigators reported a variety of neurobehavioral abnor-
malities, including decreased visual responsiveness,
tremors, increased startle response, and changes in sleep
patterns in the postpartum period (187–191). Long-term
studies of children with intrauterine marijuana exposure
are few and provide no consistent findings of neuropsychi-
atric sequelae (192).

Studies of prenatal cocaine exposure suggest that these
infants exhibit impaired startle responsivity, habituation,

recognition, and reactivity to novel stimuli in the postpar-
tum period (193–195). Postnatal irritability and poor
recognition memory may persist into the early years of the
child’s life (194, 196). Serious language delays, especially
in receptive language abilities, may be present in
preschool children exposed in utero to cocaine, although
their general development is similar to that of nonex-
posed peers in comparisons at 24 months of age (197,
198). Although a few studies show significant, unequivo-
cal negative associations between toddler’s developmental
scores and prenatal exposure to cocaine, most of the re-
sults from controlled, large-scale prospective studies of
cocaine exposure show more equivocal results after con-
trolling for prenatal exposure to other drugs, gestational
age and size at birth, and caretaker and maternal charac-
teristics (199, 200).

In several studies, opiate-exposed neonates appeared to
be more irritable and easily aroused, to have more active
(versus quiet) sleep, and to spend more time in states of di-
minished alertness compared with nonexposed neonates
(178, 201). Children prenatally exposed to opiates have
been found to display poor motor coordination, hyperac-
tivity, impulsivity, and difficulty with focused attention
(202, 203, 198).

Although the prenatal drug exposure literature strongly
suggests real but fairly modest effects on growth and de-
velopment, it is extremely difficult to disentangle the ef-
fects of other concurrent drug use (such as alcohol and
particularly tobacco), socioeconomic deprivation, and
maternal psychopathology and genetic risk of the very
outcomes prenatal exposure is supposed to cause. These
modest effects are certainly not the perception of clini-
cians and the public that “crack babies” are forever grossly
impaired. This exaggerated perception stigmatizes moth-
ers and their offspring who are affected by cocaine or
other substance use (200).

In summary, prenatal exposure to many agents of abuse
may contribute to impairments in arousal modulation, ac-
tivity level, and attention in the infant (178, 192, 204).
While each of these impairments may significantly affect
the child’s functioning, the effects of the environment—in-
cluding parental psychopathology, addiction, violence,
abuse and neglect, and poverty—may greatly influence the
ultimate manifestation of any neuropsychiatric sequelae of
intrauterine exposure.

RELEVANCE OF NEUROPSYCHIATRIC
FACTORS TO INTERVENTION
AND CLINICAL PRACTICE

Assessment

Regardless of whether neuropsychiatric factors are viewed
as causes or as effects of substance use, a number of clinical
issues are especially relevant to the assessment of adoles-
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cents presenting to health care settings. It is essential for
clinicians working with adolescents to be knowledgeable
about common psychoactive substances and their acute
effects on perception, behavior, mood, and thought pro-
cesses. Adolescents often come to the attention of the
health care system as a result of the acute psychoactive ef-
fects of substances that can affect perception, judgment,
and coordination. Accidents and trauma (including head
trauma and brain injury) can result, necessitating emer-
gency evaluation and treatment. The percentage of medi-
cally treated injuries among adolescents ages 15 to 19 years
who abuse drugs and alcohol or alcohol alone is similar to
the rate of medically treated injuries among older patients
(57%) and 10% higher than their similar age cohorts who
are not drug or alcohol abusers (205).

Accidents involving adolescents and substance use com-
monly occur during activities such as bicycling or skate-
boarding (206), swimming (as many as 40% of cases of
drowning may involve alcohol) (207), or driving motor
vehicles (208). Despite drinking less than adults, adoles-
cents who drink alcohol are at higher risk of being involved
in an accident (209). Also increasing adolescents’ risk for
brain or other injury is their propensity to speed, run red
lights, not use seat belts, drink after marijuana use, and ride
with intoxicated drivers (210). Given this association be-
tween trauma and substance use in adolescents, health care
workers should have strong suspicion of substance use
among adolescents presenting to trauma centers or emer-
gency departments.

Similarly, the common co-occurrence of psychiatric dis-
orders with SUDs among adolescents should prompt the
use of comprehensive evaluation processes and multi-
modal treatment interventions. Given the multiple risk fac-
tors, frequent comorbidity, and many potential areas of
dysfunction, including neuropsychiatric sequelae, in youth
who use substances, the comprehensive assessment of ado-
lescent SUDs requires evaluation of multiple areas or do-
mains in areas of the adolescent’s life (211). Prominent
among these domains for assessment are psychiatric and
behavioral problems. Other potential domains, including
substance use behavior, school or vocational functioning,
family functioning, social competency/peer relations, and
leisure/recreation, can be influenced by either preexisting
neuropsychiatric factors or substance-induced neuropsy-
chiatric effects.

In summary, as recommended by the Substance Abuse
and Mental Health Services Administration (SAMHSA)
“screening for adolescent substance use should be con-
ducted by health care delivery systems, juvenile justice and
family court systems, and community organizations such
as schools, vocational rehabilitation, and religious organi-
zations. Those who should be screened include all teens
who receive mental health assessments, enter the child wel-
fare system, drop out of school, or stay at homeless shelters.
Adolescents arrested or detained within juvenile justice and
family court systems also should be screened.”

Prevention

Primary prevention is generally thought of as preventing
the onset—or early onset of substance use or SUDs, them-
selves. A broader view also considers identification of the
temperamental traits and psychiatric disorders presaging
substance use and aggressive treatment focused on amelio-
rating or modifying these disturbances. Early identification
of high-risk traits and disorders in children and adolescents
with a family history of substance use disorders should be
routine practice in both adult and child/adolescent clinical
settings. In this manner, interventions can be directed to-
ward reducing the liability conferred by these risk factors.

Targeting neuropsychiatric risk factors applies to pre-
ventive interventions with high-risk adolescents as well as
to intervention or treatment with youth affected by SUDs.
Most prevention efforts are based on various theoretical
models of adolescent substance use/abuse development.
Prevention efforts primarily involve strengthening re-
silience factors and reducing risk factors for the develop-
ment of SUDs (212). Because use or experimentation of
substances such as alcohol or even marijuana may be
considered normative, prevention efforts might also serve
to delay the experimental use of these agents, which
would make progression to SUDs less likely. The National
Institute on Drug Abuse has published an evidenced-
based guide on preventing drug use among youths for
parents, educators, and community leaders (NIDA. Pre-
venting drug use among children and adolescents, 2nd
Ed. Bethesda, MD: US Department of Health and Human
Services, 2003).

Early intervention for psychopathology in youth at risk
for SUDs or secondary prevention is also critical to prevent
early onset substance use and SUDs. For example, the use
of stimulant medication to treat ADHD in youth appears to
decrease the risk for later substance use and SUDs (213).

Treatment

Acute Detoxification
Although withdrawal syndromes occur infrequently in
adolescents, treatment of these syndromes should follow
the same procedures used in adults (214). Unless the clini-
cian can obtain a history of withdrawal symptoms or sub-
stance use patterns (e.g., specific agents used in sufficient
quantity and frequency), a conservative approach should
be taken, with careful monitoring of emergent symptoms
before using medications for withdrawal. For more details
on specific withdrawal management, the reader is referred
to reviews and guidelines for withdrawal management in
adults (214).

Adolescents with opiate addiction present the largest sin-
gle group having a need for detoxification. While the use of
opiate agonists such as methadone for substitution with-
drawal therapy is common in inpatient settings, the use of
buprenorphine, a partial opiate agonist is increasing in both
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inpatient and ambulatory settings (215). For adolescents,
the most common detoxification medication is clonidine.

For alcohol and sedatives, benzodiazepines remain the
treatment of choice (216). Unless the adolescent has a his-
tory of significant withdrawal problems, the best approach
is a symptom-triggered therapy, in which the medication is
given only after withdrawal symptom exceed a threshold of
severity. The symptom-triggered approach is as effective but
usually requires less medication than a fixed dose regimen.
Because it requires regular monitoring and the use of a val-
idated withdrawal scale, its use is limited to inpatient
detoxification.

Substance Use Rehabilitation
Specific pharmacologic treatment of substance use behavior
includes drug substitution (e.g., methadone maintenance),
antagonist therapy (e.g., naltrexone), aversive agents (e.g.,
disulfiram), or agents theoretically directed toward brain
neurotransmitter systems that may underlie neuroadapta-
tion to the particular substance, craving, or other substance
use-reinforcement mechanisms. Particularly promising is
the use of buprenorphine for opiate dependence. Because
there are no controlled studies of the use of medications in
the treatment or withdrawal or in substitution, antagonist
or adverse therapy, the reader is referred to the adult litera-
ture for guidelines (see previous citations).

Psychosocial modalities are the cornerstone of addic-
tion treatment for adolescents. Reviews of the literature of
adolescent treatment outcome have concluded that treat-
ment is better than no treatment (220, 223). In the Drug
Abuse Treatment Study for Adolescents (DATOS-A), ado-
lescents reported decreased heavy drinking, marijuana and
other illicit drug use, and criminal involvement, as well as
improved psychological adjustment and school perfor-
mance in the year following treatment (224, 225). Longer
duration of treatment is associated with several favorable
outcomes. Pretreatment factors associated with poorer
outcomes (usually substance use and relapse to use) are
nonWhite race, increased seriousness of substance use,
criminality, and lower educational status. The intreatment
factors predictive of outcome are time in treatment, in-
volvement of family, use of practical problem-solving, and
provision of comprehensive services such as housing, aca-
demic assistance, and recreation. Posttreatment variables
that are thought to be the most important determinants of
outcome include association with non-using peers and in-
volvement in leisure time activities, work, and school. Vari-
ables reported to be most consistently related to successful
outcome are treatment completion, low pretreatment use,
and peer and parent social support and nonuse of sub-
stances (222, 223).

Most adolescents return to some level of substance use
following treatment (226, 227). Currently, empirical sup-
port exists for family-based interventions such as Strategic
Family Therapy, Muti-Dimensional Family Therapy
(MDFT), and Multi-Systemic Therapy (MST), as well as

cognitive behavioral therapies for the treatment of adoles-
cents with SUDs. Promising, but with less support, are Mo-
tivational Interviewing and Enhancement and specific be-
havioral interventions such as contingency contracting and
community reinforcement. Although many clinicians use
12-step based treatment and self-support groups such as
Alcoholic or Narcotics Anonymous (e.g., AA or NA), there
are no published controlled treatment studies that have ex-
amined their efficacy. Cohort studies of adolescents having
received SUD treatment have found that attendance in af-
tercare treatment or self-support groups is related to positive
outcomes such as higher rates of abstinence (228–230).

Based on the combination of empirical research and cur-
rent clinical consensus, the clinician dealing with adoles-
cents with SUDs should develop a treatment plan that uses
modalities that target motivation and engagement; family
involvement to improve supervision, monitoring, and
communication between parents and adolescent; skills to
improve problem solving, social skills, and for relapse pre-
vention; comorbid psychiatric disorders through psychoso-
cial and/or medication treatments; and social ecology in
terms of increasing prosocial behaviors and peer relation-
ships, and academic functioning. Self-support groups can
be encouraged as adjuncts to the previous modalities. Table
16.6 presents examples of treatment targets and suggested
intervention modalities for adolescents with SUDs.
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TABLE 16.6
INTERVENTIONS DIRECTED TOWARD
NEUROPSYCHIATRIC RISK FACTORS FOR
ADOLESCENT SUBSTANCE USE DISORDER

Risk Factor(s) Intervention

ADHD (including relevant Pharmacological agents
temperamental traits) • norepinephrine reuptake

inhibitors
• CNS stimulants
• TCAs
• bupropion
• adrenergic agents
Behavioral interventions

Information-processing As per ADHD
deficits (may be part
of ADHD or LD)

Aggressive behavior Behavioral interventions
Pharmacological agents

• CNS stimulants
• Atypical neuroleptics
• Mood stabilizers

Depression/other mood Cogntive behavioral
disorders interventions 

Pharmacological agents
• Serontonergic reuptake

inhibitors
Social skills deficits Social skills training

ADHD � attention deficit hyperactivity disorder; CNS � central nervous
system; LD � learning disability; TCAs � tricyclic antidepressants.
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Pharmacotherapy of Comorbid
Psychiatric Disorders
The most common use of pharmacotherapy in adolescents
with substance use disorders is for treatment of coexisting
psychiatric disorders. Potential treatment targets include
mood disorders, anxiety disorders, ADHD, and aggression.
Open trials with pemoline and bupropion for ADHD and
fluoxetine for depression in a population of drug-
dependent delinquents have shown promise (217–219).
More recently, a double-blind placebo-controlled trial of a
stimulant medication demonstrated the efficacy of medica-
tion improving ADHD symptoms in adolescents with co-
morbid ADHD and SUD. This study also demonstrated
that medication treatment of ADHD alone, without spe-
cific SUD or other psychosocial treatment, did not decrease
substance use (220). Lithium, in a randomized controlled
trial (221), and serotonergic reuptake inhibitors, in open
trials (217, 219), have produced significant improvements
in adolescents with SUDs and comorbid mood disorders.

Persistence of symptoms beyond several weeks of absti-
nence should prompt consideration of pharmacotherapy.
Factors that may indicate a need to consider more aggres-
sive use of pharmacotherapy include psychiatric symptoms
that predate the substance abuse or that present during pe-
riods of abstinence, a family history of the psychiatric dis-
order, past treatment failure (i.e., nonresponse to pharma-
cotherapy) and multiple relapses, and past successful
treatment with pharmacotherapy. Two critical concerns in
using pharmacotherapy with adolescents with substance
use disorders are the abuse potential of the prescribed phar-
macological treatment and the possibility of interactions
between this treatment and potential substances of abuse.

Treatment of Neuropsychiatric Sequelae
In adults, many of the chronic neuropsychiatric sequelae of
substance (such as alcohol) use, result from nutritional de-
ficiencies or longterm damage of organ systems. In adoles-
cents, with rare exceptions, the duration or amounts of use
are insufficient to lead to such results. The most appropri-
ate approach is abstinence or a substantial reduction of use,
patience, and time. For example, postperceptual distur-
bances due to hallucinogens often resolve after short or ex-
tended periods (a year or more) without pharmacotherapy.
Gross psychotic phenomenon may require antipsychotic
agents. Even when mood or anxiety symptoms can be tied
specifically to substance use, the clinician should consider
targeting the specific symptoms with appropriate medica-
tions.

CONCLUSION

Acute substance use and substance use disorders can pro-
duce a wide variety of adverse effects on perception,
thought processes, mood, and behavior. These effects
are usually transient but may place adolescents at risk for a

wide range of outcomes such as accidents, interper-
sonal/family conflict, and academic/vocational failure.
Largely because of their variable pattern of substance use,
children and adolescents rarely experience signs and symp-
toms of physical dependence (i.e., abstinence syndrome).
While social and peer factors may be more important in the
initiation and early stages of substance use, neurobiologi-
cal mechanisms become increasingly important in the pro-
gression to substance dependence. Certain neurobiological
characteristics increase an individual’s risk of developing a
substance use disorder, including information-processing
deficits and temperamental traits such as high activity level
and mood instability. Overall, research findings indicate
that syndromes involving general dysregulation or disinhi-
bition of cognitive, affective, and behavioral processes pre-
dispose an individual to substance abuse. Genetic factors
appear to be partially responsible for these psychiatric syn-
dromes, which by the time of adolescence, is featured by
substantial comorbidity. A substantial and growing litera-
ture points to a number of interventions that are effective
in preventing and treating substance use and substance use
disorders in children and adolescents. Elucidating the neu-
robiological factors underlying the risk for substance use
disorders and acute and chronic neuropsychiatric sequelae
paves the way for a more complete understanding of etiol-
ogy that in turn will lead to more effective prevention and
treatment.
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Dyslexia is the most common learning disability, account-
ing for 80% of all learning disabilities and, depending on
the way it is defined, affecting approximately 5 to 20% of
children and adults (1, 2). There are a number of relatively
synonymous terms—reading disability, specific reading re-
tardation, reading backwardness, and in some contexts, il-
literacy or the more general term “learning disability” is
used to mean dyslexia. In the United Kingdom, the term
dyslexia is often applied to adults who have acquired le-
sions that impair reading—a group of patients that are de-
scribed as alexic in the United States.

The definition of dyslexia, developed by the Orton
Dyslexia Society Research Committee is as follows: “. . . a
specific language-based disorder of constitutional origin
characterized by difficulties in single word decoding, usu-
ally reflecting insufficient phonological processing”(3).
Important features of this definition include the emphasis
on language rather than the visual processing of written text
and the focus on the mechanics of the reading process
(“difficulties in single word decoding”) rather than on com-
prehending what is read.

Many of the essential behavioral characteristics of
dyslexia were described with great accuracy in the late
1800s. In an article in the British Medical Journal, pub-
lished in1896, W. Pringle Morgan described a 14-year-old
boy who was “always bright. . .quick at games, and in no
way inferior to others of his age” but had been unable to
learn to read, despite having been tutored since the age of
7 years. His instructors described him “as the smartest lad
in the school if the instruction were. . .oral.” In addition
to providing examples of the boy’s difficulty reading, Mor-
gan also noted that when he attempted to write his own
name, “Percy”, he spelled it “Precy” and seemed unaware
of the error. Morgan used Kussmaul’s term to describe the
child’s diagnosis—caecitas syllabaris et verbalis—word-
blindness. (Kussmaul had coined this term in 1877 to de-
scribe acquired word-blindness in adults following a le-
sion in the left angular gyrus in right-handed people.). He

also called it congenital word blindness, noting that it was
“due most probably to defective development of that re-
gion of the brain, disease of which in adults produces
practically the same symptoms—that is. . .the angular
gyrus” (4) (p. 1378).

In 1900, in an article in Lancet (nestled between one ar-
ticle describing surgical treatment of open sinuses in the
pre-antibiotic era, and another discussing the incubation
period of plague), Hinshelwood described four children
with “congenital word-blindness” (5). His classical de-
scription of a dyslexic child could be applied to any
dyslexic child 105 years later.

“A boy, aged 11 years, was at school for four and a half years,
but was finally sent away because he could not be taught to
read. His father informed me that he was a considerable
time at school before the defect was noted. He had such an
excellent memory that he learned his lessons by heart; in
fact, his first little reading-book he knew by heart, so that
whenever it came to his turn he could from memory repeat
his lesson, although he could not read the words. His father
also informed me that in every respect, unless in his ability
to learn to read, the boy seemed quite as intelligent as any
of his brothers and sisters. His auditory memory was excel-
lent and better than that of any of other members of the fam-
ily. When a passage was repeated to him aloud he could
commit it to memory very rapidly. . . . When I examined the
boy first on March 4th, 1900. . . he seemed a smart and in-
telligent lad for his years. He knew the alphabet by heart, re-
peating it rapidly and correctly. He could recognize by sight,
however, only a very few letters and those not with any de-
gree of certainty. He could spell correctly most simple words
of one syllable, such as “cat,” “dog,” “man,” “boys,” etc., but
he could not recognize by sight the simplest and common-
est words, such as “the,” “of,” “in,” etc. He had no difficulty
in recognizing all other visual objects, such as faces, places,
and pictures. On each page of the little primer in which I
tested him there was a picture of some object. . . He at once
recognized each picture—e.g., a cat. I would then ask him to
spell the word which he nearly always did quite correctly.
On asking him to pick out the word “cat” on the page he was
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unable to do it. . . On testing him with figures I found that
he could repeat from memory fluently and correctly num-
bers up to 100. He could also perform mentally simple sums
of addition. He could not, however, recognize all the figures
by sight, but he know them better than the letters and rec-
ognized a greater number of them. . . (pp. 1506–1507).

The second case described a 10-year-old boy who, al-
though he had learned to recognize many words, was still
a very poor reader. Hinshelwood noted another important
feature of the clinical profile:

Another very significant fact about this boy, who was other-
wise very intelligent, was the fact, told to us by his father,
that he never read for amusement. As his father expressed it,
“reading seemed to take a good deal out of him” (p. 1507).

By 1904, Hinshelwood was well aware that congenital
word-blindness ran in families. A family of 11 children
had been referred to him by a teacher. The first seven chil-
dren had posed no particular educational challenges, but
the last four boys (numbers eight through 11) had great
difficulty learning to read. The children’s teacher noted
that “. . .he had never before met with anything like the
difficulties encountered in attempting to teach these four
boys to read. . .” (6) (p. 1230). Hinshelwood further
noted in his 1911 paper that “. . .

it is evident that the abnormal condition of the visual
memory centre is a matter of faulty development, and it is
probable that in most cases of congenital work-blindness
the condition is the result neither of disease nor injury at
birth, but of defective development of this definite cere-
bral area occurring in the early stages of embryonic
growth. This view, that congenital word-blindness is the
result of faulty development and not of disease or injury,
derives considerable further support from the fact that
homonymous hemianopsia, which is so frequently associ-
ated with acquired word-blindness, has never been met in
any case of congenital word-blindness” (7) (p. 609).

Hinshelwood was also interested in approaches to the
treatment of congenital word blindness.

I have. . . insisted on the fact that all these children should
be taught alone and not in a class along with other children
with normally developed brains. The contrast between
their own difficulty and the comparative ease with which
other children learn to read is a constant source of discour-
agement both to themselves and to their teachers. The task
is abandoned as hopeless, and such children often leave
school without being able to read. . . I always advocate a
number of short reading lessons every day rather than one
long one. It is only the very frequent repetition of the visual
impressions that we can hope for the retention of the visual
word memories in the brains of these patients. Hence the
best method is to give them short and frequent reading
lessons during the day without anything leading to exhaus-
tion. At the outset I have often found great assistance in
teaching these patients to read by building up the words
with block letters, and thus deepening the visual impres-
sions by associating them with the tactile ones (p. 1232).

His report of J, an 18 year old, identifies another impor-
tant feature of dyslexics:

The most interesting point in J.’s career was that any
progress made in reading had been accomplished during
the last four years, after he had left school. He has thus
practically taught himself. He is a great football enthusiast
and. . . since leaving school he has got the Referee every
Monday and Friday, which gives detailed accounts of all the
football matches. Every night. . . after his work, he would
spend a large part of the evening in poring over this news-
paper and attempting with the help of others to spell out
the results of the matches in which he was interested. At
first he could do this only very imperfectly and laboriously
with the help of others, but now he can do this without
help. On testing his power of reading with a child’s first
primer I found that he could only read about one half of the
words, without spelling them, the other half he could read
if allowed to spell them out letter by letter, so that he could
not read fluently even the child’s primer. . . . with an ordi-
nary book. . . he recognized by sight very few words of more
than one syllable. . . When I examined his ability to read
football news, I found he could do this much better, as
he could recognize by sight a much greater number of
words. . .”) (7) (pp. 1230–1231).

J’s 16-year-old brother dropped out of school at the age
of 14 years and was working as a miner. He did not make
any attempt to learn to read and never looks at any written
material. He refused to let Dr. Hinshelwood examine him.

These descriptions are remarkably accurate in that they
capture the characteristic features of the dyslexic individual
and the dyslexic’s attempts at reading. There is often a strik-
ing discrepancy between the dyslexic’s intellectual ability
(normal or above-average) and ability to read. They can of-
ten grasp arithmetical computations with relative ease, and
some have great expertise in this area. Hinshelwood recog-
nized that the deficit not so much related to the visual sys-
tem as it was to a specific segment of associational cortex.
Although dyslexic children often have great difficulty rec-
ognizing letters and words they are quite able to recognize
objects and other aspects of the environment. Many, but
not all young dyslexic children, show a tendency to reverse
letters, and although the absence of letter reversal does not
rule out the diagnosis in any way. It is, however, unusual to
observe reversals in a 14-year-old. Another similarity,
which sadly persists to the present day, is the fact that the
child described above by Hinshelwood was not recognized
as having difficulty reading until the age of 11 years. Even
now, a child who is able to use a series of clever compen-
satory strategies and does not pose behavioral problems in
the classroom may not be identified as having a reading
problem until third or fourth grade. Hinshelwood was fully
aware of the fact that dyslexic children readily grasp the dif-
ference between their struggles with reading and that of
their normally reading peers. Most children are aware of
this by the time they are in first grade, although they usu-
ally do not volunteer the information. However, it is im-
portant for the clinician to be aware of this fact, because it
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contributes to the young child’s sense of defeat and inade-
quacy. The risk in the dyslexic children population for psy-
chiatric disability is significant. Hinshelwood also noted
that reading was extremely effortful and attention-
demanding for these children. As the 10-year-old’s father
astutely noted, “reading seemed to take a good deal out of
him” (p. 1507). Moreover, he recognized how this sense of
frustration and defeat can lead to abandoning school in fa-
vor of a job as a laborer.

Hinshelwood also clearly recognized that these children
could be taught to read, but that they required a high level
of repetition at frequent intervals. He also understood that
with enough motivation and repetition, a dyslexic can mas-
ter a relatively specialized reading vocabulary but this did
not generalize to global improvement in reading skills. The
fact that with a lot of motivation the 18-year-old essentially
developed relatively functional reading skills specific to
football is quite characteristic.

Moreover, Hinshelwood also suggested that dyslexia
involved some sort of anomalous development of the
parietal-occipital region. Dejerine had published his paper
describing acquired alexia in an adult with a lesion in the
angular gyrus 10 years ealier (8). The main difference be-
tween these dyslexic children, who lived over a century ago,
and those who attend school at present, is that they would
not be currently banished from school because of reading
backwardness.

In the 1920s, Samuel Orton (9, 10) suggested that
dyslexia was the result of some sort of incomplete or de-
layed development of left hemisphere language processing
functions. He coined the term strephosymbolia, “twisted
symbols.” In the 1950s and 1960s, the features of dyslexia
were blended into other behavioral disorders of childhood,
such as hyperkinetic syndrome of childhood, and the terms
minimal brain damage or minimal brain dysfunction came
into vogue and often overlapped in an unclear way with
dyslexia. At the time, there was considerable controversy
about the etiology of dyslexia and many educators and clin-
icians viewed dyslexia as the result of some sort of visual
disturbance. Rutter and Yule observed that the concept of
reading retardation suffered from a “vagueness of defini-
tions and a general looseness in the use of words. . .” but
even more so “from fundamental disputes about the nature
of reading problems” (11) (p. 181).

Norman Geschwind and his colleagues played a crucial
role in refocusing attention on the neural features of
dyslexia. In 1976, Denckla and Rudel made the significant
observation that dyslexic children did not perform as well
as normally reading peers on a confrontation naming test
and thus appeared to be relatively anomic (12). An addi-
tional extremely important contribution was that they were
much slower than controls in their performance on rapid
automatized naming tasks (13, 14). These tasks required
that the child rapidly generate names for common, over-
learned items, such as primary colors (generally mastered
at the latest by kindergarten), numbers, letters, or common

objects. This series of tasks involved presenting the child a
page of the same six targets (e.g., six primary colors, or six
letters) arranged in random order. The child was asked to
“read” these items aloud while being timed by a stop
watch. In addition to a relatively rapid increase in rate
across the early childhood years, there was also a highly sig-
nificant difference between dyslexic children and controls.
This simple task continues to be studied by dyslexia re-
searchers and is one of the fundamental components of the
diagnostic workup of a dyslexic child.

Although Hinshelwood had postulated the presence of
some sort of anomalous neuronal development involving
the angular gyrus, this concept had been largely lost in the
focus on the visual impairments of dyslexics. In 1979, Gal-
aburda and Kemper (15) described neuronal migration
anomalies in the brain of a young man who had a well-
documented history of severe dyslexia. Galaburda subse-
quently defined many of the cytoarchitectonic features of a
series of dyslexic brains (16). The development of magnetic
resonance imaging (MRI), positron emission tomography
(PET), and functional MRI (fMRI) techniques has also con-
tributed immensely to the understanding of normal read-
ing and dyslexia. Many of these studies were conducted
with support from the Learning Disability Centers that
were funded by NICHD grants under the leadership of
David Gray, Reid Lyon, and Duane Alexander.

EPIDEMIOLOGY

Estimates of prevalence of dyslexia are dependent on the
diagnostic and definitional criteria that are used, and, to
some extent, the population that is sampled. Yule and col-
leagues (17) noted that there were large regional variations
in the prevalence of dyslexia (e.g., two times as frequent in
London as on the Isle of Wight). In general, fewer children
are identified as reading disabled when disability is defined
in terms of a discrepancy between cognitive ability (IQ)
and reading level. The magnitude of the discrepancy that is
used in identifying cases will also affect prevalence esti-
mates. Using discrepancy criteria, prevalence estimates
ranged from 3.5 to 6% when reading disability was defined
as a reading level falling -2 S.D. below the level predicted
by IQ. In an epidemiologic sample in the Connecticut pub-
lic schools, the prevalence estimate when research criteria
were used was 7.6%, which is slightly higher than the
prevalence figures based on school identification proce-
dures. When an absolute measure, such as single word
reading or phonological awareness tasks are used, the inci-
dence of the dyslexic trait is much closer to 20% (1, 18).

GENDER DIFFERENCES

Early studies reported that more boys than girls have read-
ing disability (male: female ratios ranging from 2:1 to 5:1
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have been reported) (19, 20). However, based on their epi-
demiologic study in the Connecticut public school system,
Shaywitz and colleagues observed that school systems
tended to identify many more boys than girls; in a sample
of 414 children, aged 7 to 8 years, reading disability was
noted in 8.7% of boys versus 6.9% of girls and a year later
(mean age 8.7 years), there were 9.0% boys and 6.0% girls
(2). Shaywitz and colleagues suggested that identification
of a reading disability might in part be colored by the pres-
ence of comorbid disruptive behavior problems in the
boys, which would bring the boys to the attention of the
school authorities. Dyslexic girls without behavior prob-
lems would be much less likely to be identified, and thus
the prevalence of dyslexia in females would likely be un-
derestimated in this context.

However, based on a review of several of large epidemi-
ological studies, Rutter and colleagues concluded that there
is, indeed, a male preponderance (21). This was based on
two large epidemiological studies conducted in the United
States; the National Collaborative Perinatal Project, which
involved 32,223 women and their children (22), and a sur-
vey encompassing 5,718 children in Rochester, Minnesota
(1). In addition, data from four large epidemiological stud-
ies totaling 9,799 subjects were drawn from New Zealand
(the Dunedin Multidisciplinary Health and Development
Study and Christchurch Health and Development Study),
England (Office for National Statistics Study), and the En-
vironmental Risk Longitudinal Twin Study from England
and Wales. These studies varied in terms of definitional cri-
teria as some involved IQ and others did not, but all the
studies used standardized testing and did not involve sam-
ples with a referral bias. Moreover, although there was con-
siderable variation in the magnitude of the differences 
between boys and girls, the authors concluded that in New
Zealand, the United Kingdom, and the United States,
dyslexia was much more likely in boys than in girls. In two
family aggregation studies in which members of entire fam-
ilies were evaluated for the presence of language impair-
ment, articulatory deficits, and dyslexia there were more 
affected males than females. Although much smaller in
scope, this is nonetheless instructive as it included entire
families (23).

LINGUISTIC AND COGNITIVE FEATURES
OF DYSLEXIA

The characteristic feature of dyslexia is the inability to learn
to read efficiently. For the normal reader, reading is an easy,
pleasurable, and efficient process. For the dyslexic, it is an
effortful, frustrating, and time-consuming undertaking.
The core deficit in dyslexia involves impaired phonological
processing. Wagner and colleagues defined phonological
processing as having three components: phonological
awareness, phonological memory, and rapid naming (24).
Numerous studies have demonstrated that these various

aspects of phonological processing are strongly correlated
with the ability to learn to read (25, 26). In kindergarten
and first grade, performance on phonological awareness
tasks predicts later reading and spelling skills in both nor-
mal children and future dyslexics (27, 28). Elbrow, in a
study of Danish children, noted that letter naming,
phoneme awareness, and distinctness of phonological rep-
resentation (defined as the quality of unstressed vowels in
phonologically complex words) were statistically highly
significant contributors to a future dyslexic profile (29).

Phonological Awareness and the Motor
Theory of Speech

Phonological awareness is the ability to segment and ma-
nipulate the phonemes in one’s native language and is the
deficit that affects most dyslexics. Lack of phonological
awareness makes it impossible for the young dyslexic child
to sort out the phonologic structure of his native language.
For example, if one tests an English-speaking dyslexic child
(and many adults), the /p/ in the word “top” is not easily
recognized as the same /p/ as in the word “pansy” or “pot.”
When asked to perform an elision task (e.g., “say tiger with-
out saying /r/”) the word generated might be “tie.” Or,
when asked to segment (that is, to say each sound sepa-
rately), a word like “beast” the child might say “b-ee-st” or
“bee-st,” being unable to develop a representation of the
four different phonemes in that word. This ability to repre-
sent the phonemic structure of one’s native language is
what is referred to as “the alphabetic principle” (30). The
alphabetic principle also involves understanding that
words are composed of phonemes and the phonemes are
represented in a relatively systematic way by letters.

An important contribution to the understanding of
phonological awareness came from Liberman and Mat-
tingly at Haskin’s Laboratory, who put forth “the motor
theory of speech,” which, in simplified terms, means that
to decode the speech signal in language, the listener uses
the articulatory gestures which create the speech signal to
perceive the signal as well. Essentially, they postulated that
there is a speech module and that speech production and
speech perception are computationally similar. Liberman
and colleagues also suggested that it is not so much the
acoustic signal which is involved in the perception of
phonemes, but rather the articulatory motor movements
which are somehow “run backwards” and thus used in the
process of perceiving or decoding the acoustic signal. This
is the basis for the “McGurk effect” in which an observer
will “hear” a different vocal signal than the one actually
presented if they are observing a face making a different ar-
ticulatory gesture (31). Moreover, Liberman and Mattingly
point out that there is an innateness in this process. Very
young infants show a distinct preference for looking at
faces that are articulating sounds that match the sound they
are hearing and are much less interested in faces in which
there is a mismatch between the vocal signal and the 
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articulated gesture (32, 33). This was a very significant ob-
servation, because it provided a way of understanding at
least some of the deficits in dyslexia and, more impor-
tantly, providing an effective approach for treatment.

If the articulatory motor theory of speech perception is
correct, then one would expect that individuals who had
weak phonological awareness might also have an imprecise
awareness of the position of the articulatory structures that
generate specific phonemes. Montgomery described an 
experiment in which adult dyslexics were asked to select
pictures of the articulatory gestures associated with the pro-
duction of English phonemes. The performance of the
dyslexics was significantly impaired relative to that of con-
trols (34). A decade later, Zatorre conducted a PET scan
study on normal adults who were asked to attend to spe-
cific aspects of the speech signal. When the subjects were
asked to discriminate between specific phonemes, in-
creased activity was noted in Broca’s area (the motor speech
area), rather than in areas involved in the perception of au-
ditory signal (35). An fMRI study employed a first sound-
matching task (the task required subjects to view pictures of
objects, compare the first sounds of the name, and indicate
if they are the same or different). Control tasks involved
baseline matching tasks and a visual matching task that
controlled for the visual complexity of the stimuli. The in-
ferior and superior frontal gyrus was selectively activated in
response to the phonological comparison task, a finding in
agreement with Zatorre’s study and additional support for
the articulatory motor theory of speech (36). Ruff and col-
leagues compared dyslexics and controls on a pseudopas-
sive listening task to /pa/ and /ta/ syllables. In response to
categorically deviant stimuli, activations of the left angular
gyrus, right inferior frontal gyrus, and the right superior
cingulate cortex occurred. These regions were not activated
in the dyslexic group (37). In another study in which artic-
ulatory gestures were observed under fMRI monitoring,
subjects activated left primary somatosensory cortex SI
when viewing another individual speaking (38).

Thus, it would appear that, in comparison to normal
subjects, dyslexics are impaired in their ability to develop
accurate internal representations of the motor gestures 
associated with speech production (39). As a result, the
ability of dyslexics to isolate and sequence phonologic in-
formation is impaired and phonological awareness is af-
fected. Functional neuroimaging studies suggest that they
do not activate critical areas like the left inferior frontal
gyrus that appears to be the fundamental site for phono-
logical processing.

A possible mechanism involves anomalous development
of mirror neurons. Mirror neurons are located in the rostral
part of monkey ventral premotor cortex (area F5) in the area
homologous to Broca’s area (the inferior frontal gyrus) in the
human. These neurons fire when the animal performs a
goal-directed hand action and when it observes another in-
dividual performing the same or a similar action. Mirror
neurons also fire during mouth movements (40). They un-

derlie the ability to learn motor behaviors by observation
and it would make sense that they underlie the acquisition
of speech, given the fact that speech involves motor articula-
tory movements. The infant’s preference to observing a mov-
ing mouth which is uttering sounds that are correctly syn-
chronized with the verbalizations may underlie the
acquisition of language and likely involve minor neurosis.

Phonological Memory

Phonological memory or working auditory memory (or
Baddeley’s “phonological loop”) is the ability to keep ver-
bal information “in mind” for a few seconds (41). A weak
phonological memory has also been shown to predict dif-
ficulty in phonologically encoding verbal material. Chil-
dren with phonological memory weakness have difficulty
sounding out words (which requires being able to keep the
first part of the word in mind while generating the last
sounds). They also perform poorly when asked to learn
verbal sequences; the rate at which they learn new words is
impaired (42, 43).

Rapid Naming

Rapid naming is essentially a measure of “eye-to-mouth”
time, the ability to rapidly encode visual information into
oral articulatory sequences. In the young child as well as
older individuals, rapid naming speed, particularly the
speed of naming letters, rather than objects, is a strong pre-
dictor of later reading fluency (44–46). Because rapid au-
tomatized naming involves two neural processes—seeing
and speaking—one important question is the extent to
which rapid naming is related to the visual system versus
the oral language system. Compton devised several differ-
ent versions of a rapid automatized letter naming task. In
one condition, letters were phonologically similar; in the
other they were visually similar. Dyslexics performed more
poorly than controls only on the task that demanded a
greater level of phonological decoding skill (49).

Not all dyslexic children have deficits in all three areas.
Some children, however, are impaired in both phonologi-
cal awareness and rapid automatized naming. These chil-
dren are described as having a “double deficit,” and appear
to have greater difficulty learning to read than those with
deficits restricted to either phonological awareness or rapid
naming (45, 50).

THE DYSLEXIC CHILD ENTERS SCHOOL

Even before the dyslexic child enters kindergarten, he lags
behind peers in his ability to recognize and name letters. By
the time dyslexics are ready to move on to first grade, there
is considerable variability: some future dyslexics know
most of their letter names, others remain confused through
first grade. However, to a trained observer, it is apparent
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that letter recognition is not an automatic, fluent process.
These children do not seem to grasp the alphabetic princi-
ple; that is they do not understand the process of “sound-
ing out” words. This skill is essential for a beginning reader
because every day, the child is confronted with unknown
words. Many of these words are known to the child who
uses them in daily life, words such as mother, ball, and dog.
Although they are part of the child’s oral vocabulary, if the
child cannot apply a phonic strategy to decode the word, it
is impossible to match the word to his internal vocabulary
(51–53). The only other solution (besides guessing) is to
attempt to store the word in visual memory. This, however,
is a limited resource.

By second grade, most normal readers have acquired a
workable sight-word vocabulary and have some skill in
tackling the decoding of words that they do not know by
sight. Given anything that is remotely interesting to read,
they are quite willing to undertake the task of decoding un-
known words as they are usually successful even when
working independently. Compared to normally reading
peers, the dyslexic has a much more restricted repertoire of
sight words and lacks age- and grade-appropriate strategies
for applying phonic strategies for decoding unknown
words. Most dyslexic children grow tired of attempting the
decoding process and arrive at the strategy of guessing what
a word is based on the first letter or two, or if they are really
thinking strategically, trying to make an informed guess
based on context. These are, obviously, strategies that will
not work out well because their attempts at decoding are
fraught with errors. On the other hand, a good reader can
make a reasonably informed guess if she can decode at least
part of a word correctly. Regardless of the strategy that is
used, the dyslexic child does not have fluent word recogni-
tion. It should be apparent that this situation does not im-
prove by itself, and every day the dyslexic child loses a little
ground. This inexorable failure to keep up with peers is
subtle and if one sees a child on a day-to-day basis, it is not
apparent that he or she is steadily losing ground. Because
even the most dyslexic child makes a little progress, these
small gains are encouraging, and allow parents and teach-
ers to overlook the fact that the rate at which the child is
learning to read is much slower than that of peers. Parents
of young children who are still denying the child’s difficulty
in reading can state blithely that “Billy is making good
progress.”

In first and second grades, normal readers practice ana-
lyzing and decoding more complex sound structures, such
as the representations of long vowel sounds, consonant
and vowel digraphs, word endings, root words, prefixes,
and suffixes to gain information about the meaning of
words. A normal reader in second grade routinely performs
the following processes: when encountering an unfamiliar
word, decoding it, matching it to the internal lexicon, and
repeating this process until the word becomes a “sight
word” that can be recognized rapidly and effortlessly. This
requires consistent, accurate decoding and a great deal of

repetition (54). In addition, the child needs to be able to re-
member the components of the word while attempting to
decode it, which requires the ability to store the sounds in
working memory. Children who do not have an adequate
working memory buffer find this process quite difficult.
The young dyslexic child finds reading so difficult that she
tends to avoid it and thus not acquire a “sight word” vo-
cabulary. This sets up a vicious cycle: the fewer sight words
the child learns, the more difficult it is to read, particularly
because the teacher’s expectations for reading fluency are
increasing, not remaining the same. Thus, by the time a
dyslexic child is in third grade, there is usually a significant
gap between the sight words that he has compared to those
of normally reading peers.

An important aspect of the difference between the
young normal reader and the dyslexic is the fact that except
for the word-length effect, the second grader’s performance
does not differ qualitatively from that of the older normal
reader. Word familiarity effects are apparent by second
grade which indicates that the rapid visual recognition of
previously encountered words is occurring. Until the fifth
to sixth grade, normal children can get bogged down at-
tempting to decode long words. Experience essentially de-
creases processing speed (55). By 11 to 12 years of age, the
normal reader differs from the adult only in needing to take
time to decode unknown words. The normal adult reader is
able to process text at an extremely rapid rate. Less than 250
milliseconds after viewing a written word, the visual system
extracts the information necessary for the computations in
the language system. This occurs regardless of the size of
the letters, the number of letters that compose the word
(that is, in the range of three to six letters) the font, or the
viewing angle (56). Letters are identified more efficiently
when they are embedded in words than when they occur
outside of words (57).

DYSLEXIC INFANTS, TODDLERS, 
AND PRESCHOOLERS

What are dyslexics like before they enter kindergarten? Are
there are any characteristic features in the young child
which would make it possible to identify them very early
and initiate treatment before they start to lose ground in
the reading process?

There is a considerable body of research that suggests
that children at risk for dyslexia can be identified long be-
fore they enter kindergarten. Molfese described a study in
which 186 full-term newborns were tested within 36 hours
of birth and then retested each year. At age 8 years, they un-
derwent an IQ test and a reading screening test. The new-
borns who are later diagnosed with dyslexia could be iden-
tified at birth (and distinguished from the newborns who
later were normal readers) by their response to speech and
nonspeech sounds using auditory event-related potentials
(58). A longitudinal study of Finnish infants born into
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dyslexic families and those from nondyslexic families also
demonstrated differences in the way the at-risk infants pro-
cessed speech sounds (59). At 6 months of age, the babies
from dyslexic families continue to manifest differences in
processing speech sounds (60). In addition to these very
early differences in sound-processing, the children at risk
for dyslexia began to manifest subtle differences in devel-
opment by the time they are 2 years of age. Up to that
point, they did not differ from the control population in
motor or early language development, or cognitive ability.
However, around 2 years of age, subtle deficits in language
began to be apparent. These consisted mainly in slightly
shorter length of sentences. Any mild delay in language did
not persist, unless the child came from a dyslexic family. By
the time the children were 40 months old, the performance
of those from dyslexic families began to differ significantly
from that of the controls on phonological and naming
tasks (61). Between 18 and 24 months, the investigators
were able to identify two groups of children: those with rel-
atively slow motor development and those with fast motor
development. The children at risk for dyslexia who also had
slow motor development had a smaller vocabulary and
generated shorter sentences than all the other children
(62). Gallagher and colleagues followed a group of chil-
dren identified as genetically at risk for dyslexia and a con-
trol group who did not have a family history of dyslexia. At
the age of 6 years, 57% of the at-risk group was delayed in
reading acquisition, compared to 12% of controls. The
children in the literacy-delayed group also manifested de-
lays in speech and language development (63).

By age 4 to 5 years, it becomes possible to identify chil-
dren who are likely to evolve into future dyslexics as differ-
ences between the “at risk” group and normal controls 
becomes more striking. In the study by Gallagher and col-
leagues, described previously, letter knowledge at 45
months was the strongest predictor of reading at age 6
years. Children at risk performed more poorly on tasks as-
sessing letter-sound knowledge, naming, and phonemic
awareness (29, 64–67).

As these dyslexic children move through school, the gap
between the rate at which the normal reader and the
dyslexic acquire new sight words and develop fluency
widens with each passing month. School-based special ed-
ucation interventions, which cannot deliver phonological
training at a level of sufficient intensity or repetition, do
not substantially improve the child’s reading or decrease
the magnitude of the gap. At best the rate at which the gap
widens may be slowed (68, 69).

A factor that likely contributes to the widening gap in
fluency between the dyslexic child and peers is the fact that
dyslexic children do not practice reading to the extent that
their normal peers do. This lack of exposure to print may
also increase the degree to which the neural connections
are not maintained. It is a “use it or lose it” proposition.
This concept has considerable support from a PET study
performed on the oldest daughter in Portuguese house-

holds. The custom in the past was that the oldest daughter
remained at home to raise her younger siblings, who went
to school and learned to read and write. The illiterate older
sisters did not. When these women were tested on a phono-
logical awareness task, it was apparent, both from the acti-
vation patterns and from their test performance, that they
had a marked deficit in phonological awareness and also a
much reduced pattern of activation compared to their
younger literate siblings (70). There is no reason to believe
that this group of women represented a cluster of adult
dyslexics, as their younger siblings were efficient readers.
Thus, it would appear that even a brain that would have lit-
tle difficulty learning to read may not do so if appropriate
stimulation is not present.

THE DYSLEXIC ADOLESCENT 
AND ADULT

As the dyslexic child moves into adolescence and young
adulthood, many begin to acquire some degree of reading
skill, but they are often not very efficient in reading and
may take twice as long to read as nondyslexic peers. One
bright dyslexic college student commented that his friends
could read a chapter in an hour and it took him the entire
afternoon. However, deficits in spelling and writing con-
tinue to impair their academic performance. In the older
student, spelling is often a more sensitive indication of
dyslexia than reading (71).

These deficits also do not go away with maturation, but
persist, to a greater or lesser extent, into adulthood. Al-
though many dyslexic adults ultimately learn to read, many
do not read for pleasure, describe themselves as “terrible
spellers,” and have difficulty trying to learn a foreign lan-
guage. (The process of learning a foreign language is hard
because it often requires applying the alphabetic principle
to a new set of phonemes.) Some dyslexic adults have man-
aged to acquire relatively good reading skills, but even
these “compensated” dyslexics continue to exhibit both the
phonological deficits and the characteristic pattern of brain
activation compared to nondyslexic controls (72, 73)
(Paulesu 1996).

It is important for professionals who work with dyslexic
children to understand the persistence into adulthood and
the potential long-term impact on function in adulthood.
In one longterm study, subjects who were re-evaluated in
their thirties, had lower grades in high school, completed
fewer years of formal education, and tended to gravitate to
unskilled or semiskilled jobs (Felsenfeld 1994) (74).

SUCCESSFUL ADULT DYSLEXICS

A few dyslexics go on to become quite successful, even in
careers that demand a high level of reading and writing.
Fink described an extremely productive and well-published
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scientist who was a distinguished professor and a member
of the National Academy of Sciences. He had consented to
being examined Dr. Fink using many of the same tests that
are administered to dyslexic children. The characteristic
dyslexic profile was still present; he continued to have sig-
nificant deficits in sight-word reading and phonological de-
coding strategies. However, he had mastered the vocabu-
lary in his field of work well enough to produce numerous
scientific articles (75). This is not an isolated case. The au-
thor had the experience of administering the Lindamood
Auditory Conceptualization Test (76) (a phonological
awareness assessment) to a successful MD/PhD researcher
whose score fell at an elementary school level. These cases
are similar to that of the young man, described by Hinshel-
wood, who acquired a specialized vocabulary so that he
could follow local football games.

Adult dyslexics, particularly those who are successful,
seem to gravitate to specific occupations. They are likely to
become architects, movie stars, electrical and mechanical
engineers, high-ranking managers, accountants, and
finance officers. Many CEOs of large corporations are self-
described dyslexics. The Sunday Times (London), report-
edly ran a story about this group: “You don’t have to be
dyslexic, but it helps. A study has revealed that million-
aires are significantly more likely to suffer from the con-
dition than the rest of the population. . . . About 40 per-
cent of the 300 studied had been diagnosed with the
condition. . .” (77, 78). In the medical field, dyslexics of-
ten gravitate to radiology, psychiatry, pathology, and
surgery. A number of dentists are dyslexic. The fact that an
individual has successfully negotiated high school and, in
some cases, college, does not eliminate the possibility that
he or she is dyslexic. One successful 40-year-old architect,
whose son was evaluated for dyslexia and attention
deficit–hyperactivity disorder (ADHD), presented himself
for an evaluation, which revealed that he was indeed
dyslexic and also had ADHD. He reported that he had
worked with a psychotherapist who told him that he
could not possibly be dyslexic because he had successfully
graduated from college. The architect reported that he had
gotten through college in a high state of anxiety, studying
all the time. He had also been advised by his high school
counselor that he was not college material.

DEVELOPMENTAL LANGUAGE
DISORDER AND DYSLEXIA

A substantial percentage of children with these phonolog-
ical processing deficits also have a language disorder. The
extent of the overlap between these two entities is not pre-
cisely worked out, but there is little doubt, based on nu-
merous studies on somewhat different populations, that
many children with phonological processing deficits also
have a language disorder. The risk for later reading dis-

ability conferred by deficits in phonological awareness is
well established and has been reviewed previously.
Phonological awareness deficits are associated with lan-
guage disorder. There is also an extensive literature indi-
cating that language disorders identified in the toddler
confer a high risk for future reading disability (23, 63,
65–67, 79–83). Some of the difficulty arises from the fact
that although all of these disorders lie on the same devel-
opmental pathway, they emerge at different times in a
child’s life. In addition, at certain points in development,
the range of “normal” is very broad and only children at
the very severe end would be identified with confidence.
The definitive diagnosis of language disorder in the young
child is difficult and there is considerable examiner dis-
agreement (84, 85). The normal range of language devel-
opment is so broad and there are so few well-standardized
test instruments that making a firm diagnosis at the age of
2 or 3 years is difficult and only children who manifest
very severe expressive or receptive language deficits can be
identified with certainty. By the age of 4 to 5 years, the di-
agnosis of a language disorder is easier, in part, because
some standardized tests are available. However, children
do not read at this age, so that it is technically not possi-
ble to apply a label of dyslexia. During the first two grades
of elementary school, although some formal test instru-
ments are available, the variance is again quite large, and
only children at the very severe end of the spectrum can
be identified with certainty. As a result, defining a devel-
opmental pathway that starts with atypical responses to
phonemes in a laboratory in the newborn period and
linking that to a child with a reading disability at age 10
years is not yet possible. However, if one considers the
longitudinal studies that cover segments of this develop-
mental trajectory, the suggestion that phonological aware-
ness deficits is linked to early language disorder and both
predict later reading disability with great consistency is
easier to accept. However, at best, one can only use an “at
risk” modifier to the diagnosis; that is, “this four year-old
is at risk for dyslexia in the future.”

There is one other factor that will increase the certainty
of this diagnosis and that is knowing with some certainty
that other family members have a language disorder
and/or dyslexia. The results of two family aggregation
studies that assessed the co-occurrence of oral language
impairment and reading impairment in children with de-
velopmental language disorder concluded that affected
members were more likely to have both oral language and
reading impairment than either impairment alone (23).
For any individual child, this increases the probability
that he or she is at risk, but it lacks the certainty of a cat-
egorical diagnosis. However, this approach would have
some appeal for clinicians and educators who are inter-
ested in preventing future dysfunction in a young child. At
the point that the genetic markers for these disorders are
known, the identification of the young child who is at risk
will be somewhat easier.
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DYSLEXIA AND PSYCHIATRIC
COMORBIDITY

In the previous discussion, the close relationship between
phonological awareness deficits, language disorder, and
dyslexia was reviewed. The next question is the degree to
which early language disorder and/or reading disorder are
associated with comorbid psychiatric disorders. There are a
number of studies that support the concept that language
disorder and dyslexia confer a risk for subsequent emo-
tional problems. The psychiatric diagnoses described as
most frequently associated with dyslexia include ADHD,
oppositional defiant disorder, conduct disorder, depres-
sion, and anxiety disorder.

There is a significant overlap between ADHD and
dyslexia, regardless of whether one examines dyslexic chil-
dren for ADHD or children with ADHD for dyslexia
(86–88). In some of these studies the investigation focused
on whether the hyperactive/impulsive type or the inattentive
type of ADHD was most closely associated with dyslexia.
Wilcutt and colleagues reported that common genetic influ-
ences explained 95% of the phenotypic covariance between
dyslexia and symptoms of inattention, whereas there was
only a 21% of phenotypic overlap between dyslexia and
hyperactivity/impulsivity (89). Maughan and colleagues, in
a large epidemiologic longitudinal study of boys, found that
reading disability was strongly associated with ADHD inat-
tentive type, but not with hyperactivity/impulsivity (90). In
the reading remediation study in which severely dyslexic
children were closely monitored for impairing symptoms of
ADHD, 80% of the subjects were inattentive and/or hyper-
active/impulsive (91, 92). Wilcutt and colleagues conducted
a comprehensive neuropsychological test battery on groups
of children with dyslexia, those with ADHD and ADHD plus
dyslexia. They noted that the group of children with comor-
bid ADHD and dyslexia showed a combination of the
deficits associated with ADHD and dyslexia. Slow and vari-
able processing speed was present in all three groups (89).
Ghelani and colleagues compared reading strategies in chil-
dren with dyslexia, ADHD, ADHD plus dyslexia, and normal
controls. The subjects with ADHD performed adequately on
single word reading tasks with evidence of subtle (but aver-
age-range) impairment in rate, accuracy, and comprehen-
sion. Those with dyslexia had difficulty on the mechanical
aspects of reading but had average-range performance in
comprehension. The group with combined ADHD and
dyslexia also had deficits in rate and accuracy but had great-
est difficulty on tasks requiring comprehension of text dur-
ing silent reading (93).

There is evidence that the overlap between ADHD and
dyslexia is possibly due to shared linkage to certain genes.
Several different candidate genes have been identified that
are linked to ADHD and dyslexia. These include 6p (94,
95), 2p, 8p, 15q, 16p, and 17q (96).

Older children and adolescents should be assessed for
depression. As many as one third of dyslexic patients

evaluated in an inpatient setting were depressed (97). In
the study described by Maughan and colleagues, the inci-
dence of depressed mood was greater in the poor readers
(23%) compared to those who were not defined as having
reading problems (9.6%) in the first- and fourth-grade
samples, but depressed mood dropped substantially in the
seventh-grade subjects (74, 98). The investigators further
noted that although low reading achievement was linked to
depressed mood at all three time points, there was no in-
creased risk for depression beyond the presence of depres-
sion at the first evaluation. An evaluation of other factors
that might contribute to depression (such as family envi-
ronment, other comorbid disruptive behavior disorders).
These factors had a minor effect, but the most robust effect
remained the association in the first time period between
low reading achievement and depression. However, the
childhood depression did not always persist: adult dyslex-
ics were reported to be functioning at a level comparable to
controls, although they continued to have reading and
spelling problems, ADHD, and were more likely to report
symptoms of anxiety and depression (99).

It is not unusual for dyslexic children, particularly girls,
to become depressed and anxious in response to the effects
of their reading disability (81, 100). There was also a higher
incidence of somatic complaints in this group. Dyslexic
children often complain of stomachaches or some other so-
matic symptoms that serve to keep them out of school.

It is sometimes difficult for parents, teachers, and mental
health professionals to consider the possibility that a child
may have both a learning disability and a psychiatric disor-
der. There tends to be an “either/or” conceptualization. It is
important for parents to be aware of the significant comor-
bidity between dyslexia and psychiatric disorders. The man-
agement of both entities should be monitored closely. 
Although schools may have classrooms for children with ex-
ternalizing behavior problems, comorbid learning disabili-
ties are rarely effectively addressed in those settings. In one
study, children were retested 3 years later and there was es-
sentially no change in the number that met diagnostic crite-
ria for learning disability (68) (p. 1460).

NEUROBIOLOGY OF DYSLEXIA

Neuropathology

Galaburda and colleagues have examined a number of
brains of dyslexics using thin-serial section technique, and
have demonstrated focal areas of microdysgenesias maximal
in the temporoparietal region, coupled with “brain warts”
(15, 16, 101, 102). Similar lesions are in NBZ mice, used as
models for autoimmune disorders (Sherman 1987) (103).
Such lesions can also be induced experimentally by freezing
cortex during the period of cortical development during
which neurons are migrating (104). Fitch and colleagues re-
ported that mice with this type of lesion had much the same
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difficulty processing rapid acoustic transients as children
with specific language impairment (105, 106).

Neuroimaging Studies

MRI-morphometric studies have also shown substantial
differences between dyslexics and normal children in
brain morphology. Many dyslexics show a reversal of the
usual left greater than right asymmetry (107). The ratio of
parietal to temporal plana in the left and right hemi-
spheres is also reversed (108, 109). In an MRI study using
diffusion tensor imaging to examine white matter in chil-
dren with dyslexia, anomalies of the temporoparietal
pathways were observed, which were significantly corre-
lated with performance on reading, spelling, and rapid
naming tasks (110). In an MRI study, Casanova et al.
noted that the brains of dyslexics were significantly
smaller than those of controls and had a reduced gyrifica-
tion index. There were no changes in cortical thickness
(111). Gray matter anomalies have also been noted in
dyslexics. Brambati and colleagues noted abnormalities in
gray matter volume bilaterally in the planum temporale,
inferior temporal cortex, and cerebellar nuclei (112). Sim-
ilarly, Vinkenbosch observed decreased gray matter den-
sity in the middle and inferior temporal lobe with re-
duced gray matter density in the middle and inferior
temporal gyri. Increased gray matter density was found in
the precentral gyri (113).

Neuroimaging studies have indicated that phonological
processing tasks and reading in normal readers relies heav-
ily on a network that involves visual cortex, angular gyrus,
fusiform gyrus (specifically the visual word form area).
These neuroimaging studies must be interpreted in the con-
text of a number of methodological issues, such as diag-
nostic criteria used to select subjects, type of reading task,
selection of stimuli and duration of exposure to word stim-
uli, and the statistical analysis that is used. Phonological
processing appears to be subserved by the left inferior
frontal regions (114). However, some of the processes in-
volved can be dissociated. In one fMRI study, there ap-
peared to be different components of phonological pro-
cessing. Gelfand and Bookheimer concluded that
sequential operations (both sequencing phonemes and se-
quencing hummed notes) were instantiated in posterior
Broca’s area, whereas the left supramarginal gyrus was
more specifically activated by phoneme sequencing (115).

Normal efficient adult readers have a characteristic pat-
tern of activation that has been demonstrated in multiple
PET and fMRI studies. Normal readers demonstrate func-
tional connectivity in the left hemisphere between occipital
cortex, angular gyrus, and temporal lobe. There is some ac-
tivation of prefrontal cortex right hemisphere structures. In
contrast, studies in dyslexic readers have revealed a disrup-
tion in functional connectivity between the occipital lobe,
angular gyrus, and temporal lobe, which is most strikingly
apparent when the task requires assembling phonological

information. There is also increased activation of inferior
prefrontal cortex and of posterior cortex in the right hemi-
sphere which are likely compensatory responses (73,
116–125).

Shaywitz and colleagues conducted an fMRI study on a
group of adult dyslexics and controls using five tasks that
varied with the degree of phonological processing that was
required. The analysis involved a within-subjects hierarchi-
cal design so that each subject served as his or her own con-
trol. There was no difference between the normal and
dyslexic readers on a purely visuospatial task. However, on
a task requiring phonological analysis, the control subjects
manifested a systematic increase in activation in striate cor-
tex (Broca’s area 17), angular gyrus (Broca’s Area 39) and
Wernicke’s area (Broca’s Area 22) in response to increasing
phonological demands, which was not seen in the dyslexic
reader. In the normal readers, there was a preponderance of
left-hemisphere activation, whereas the dyslexics mani-
fested some degree of right hemisphere activation. The in-
ferior frontal gyrus (Broca’s Area 46/47) was activated in
dyslexic subjects more than in controls in response to in-
creasing demand for phonological processing. A gender dif-
ference was seen in that men showed greater activation of
left inferior frontal gyrus and women showed a greater right
hemisphere activation. These findings suggested a func-
tional disruption in the extensive neural system involved in
reading. These fMRI findings are substantially supported by
the report from a large multisite diverse sample of dyslexics
demonstrating altered density of the left arcuate fasciculus,
the white matter pathway connecting posterior tem-
poroparietal cortex (Wernicke’s area) to Broca’s area, cou-
pled with increased grey matter density in the left middle
and inferior temporal gyri (126). In adults, lesions disrupt-
ing the arcuate fasciculus are described as resulting in con-
duction aphasia, characterized by impaired repetition. This
is not the picture that would come to mind in the dyslexic.
However, it is also true that not all acquired lesions of the
arcuate fasciculus lesions are associated with deficient rep-
etition (127).

Another important component of the system subserving
reading is the visual word form area, which has been pro-
posed as the part of the system responsible for the efficient
processing of visual stimuli (i.e., words). The visual word
form area is a small area, located in the left fusiform gyrus.
Acquired lesions of this area result in a form of alexia
(“word form” or “pure” alexia) in which the patient loses
the ability to read words but must hear the word spelled
out or have it presented through tactual channels (128).
There is a body of evidence that suggests that this area is
highly specialized in extracting salient visual information
from words. The fusiform face area is in proximity and is
involved in the “expert” recognition of faces. Other popu-
lations of neurons in the same area are involved in the pro-
cessing of other classes of objects. McCandliss and col-
leagues have postulated that the visual word form area
contains a population of neurons, functioning as an
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ensemble that is “tuned to invariant stimulus properties
and structural regularities characteristic of written words”
(p. 294) (129). Visual presentation of words activates this
particular area in a reliable fashion, more so than other ar-
eas, and words activate it more consistently than similar
control stimuli. The spatial localization is well defined,
with a significant peak of activation in the area in over 90%
of individual subject scans, and a narrow standard devia-
tion, on the order of 5 mm. Activation occurs approxi-
mately 150 to 200 milliseconds after stimulus presenta-
tion. The area can be activated subliminally (that is,
without conscious awareness), indicating some degree of
automaticity. It is also the area that has been linked in other
studies to perceptual expertise (130, 131).

A direct demonstration of the role of the visual word
form area in phonological processing of words involved a
fMRI study in which there were four conditions: word
type (pseudo and real) by response modality (silent and
aloud reading). Somewhat different patterns of activation
were noted in each condition. Activation of the bilateral
motor, auditory, and extrastriate cortex was greater when
words were read aloud than when they were read silently.
Only the posterior segment of the fusiform cortex (Brod-
man’s area 19) was the only one modulated by different
phonological processing demands. The investigators con-
cluded that once a word form is recognized as an alpha-
betic stimulus, it is then subjected to phonological analy-
sis (132).

The neural signature of reading disability persists, even
in older adolescents and adults who appear to have devel-
oped reasonably adequate reading skills. Shaywitz and col-
leagues described a study that involved three groups of
young adults (18 to 22.5 years of age). The groups con-
sisted of normal readers; compensated dyslexics, who had
a history of difficulty learning to read but had compensated
to the point that they were accurate but not fluent readers;
and a group of poor readers who read slowly and inaccu-
rately. The compensated dyslexics, manifested relative un-
deractivation of the left parietotemporal and occipitotem-
poral regions. The poor readers activated posterior reading
systems but the pattern was quite different from that of the
unimpaired readers, suggesting that they were relying more
on reading strategies that relied on memory (133).

A sequential developmental model for acquiring read-
ing skill has been proposed by Shaywitz and associates.
This model fits well with observations described previously
about the acquisition of reading skill in the young child.
Initially, the dorsal circuit, involving the angular gyrus is
predominant as the beginning reader learns to map the
orthographic features of text onto phonological and lexical-
semantic information. With increasing exposure and prac-
tice, this process is shifted to the ventral area, the main
node of which is the visual word form area, which is
adapted for rapid, automatic processing of visual informa-
tion (134). Turkeltaub and colleagues studied children and
young adults ranging in age from 6 to 22 years. In the

youngest readers, activation of the left-posterior superior
temporal sulcus was prominent and related to increasing
skill in phonological processing. Additional changes in
reading pattern with maturation were associated with in-
creased activity in the left-hemisphere middle temporal
and inferior frontal gyri and decreased activity in right in-
ferotemporal cortical areas (135).

Visual Deficits

Although Hinshelwood’s description of dyslexia empha-
sized the visual aspects of the problem (“word-blindness”),
he identified angular gyrus/associational cortex as the site
of the dysfunction. Reading unquestionably involves a vi-
sual process, yet there is ample evidence that it is the un-
derlying difficulty in phonological awareness and the im-
paired ability to link visual information with phonemes
that is the major problem in dyslexia. The difficulty seems
more associational than visual and may involve some early
dysfunction of the mirror neuron system.

Having said that, it is also true that reading involves a vi-
sual process. Effective reading requires maintaining fixa-
tion on a small segment of text, systematically shifting gaze
and then attending to another segment of text. This de-
pends not so much the size of the perceptual span as the
ability to rapidly integrate phonological and semantic in-
formation (136). In addition, attentional factors are also
involved (137). Proponents of the visual deficits associated
with reading point to the fact that dyslexics frequently
transpose letters and complain that words move around on
the page.

A number of studies have demonstrated visual and ocu-
lomotor dysfunction in dyslexics (138–140); but these re-
sults are often hotly contested, and have not been replicated
(141–144). Lovegrove demonstrated that as a group dyslex-
ics have mildly reduced contrast sensitivity at low spatial
frequencies and low luminance levels, particularly during
flicker fusion. In contrast, at higher spatial frequencies con-
trast sensitivity is intact (145). Flicker fusion rate is slow
(146) and impaired vergence amplitudes are noted, com-
pared to controls (147). Cornelissen and colleagues
demonstrated that dyslexics had impaired visual motion
sensitivity even when high contrast and illumination levels
were present (148). This observation was supported in a
visual-evoked potential study that used a binocularly pre-
sented checkerboard pattern at low and high contrasts. At
high contrast, the groups did not differ. Examining steady-
state visual-evoked potentials at a variety of contrast levels,
they found that at high contrast there was no difference, but
at 15 Hz using low-contrast stimuli, the responses of normal
subjects were slightly reduced, but were virtually absent in
the dyslexic subjects. The investigators interpreted this early
negative wave as reflecting activity in layer 4C of primary vi-
sual cortex (V1) in response to thalamic projections (149).

Many of the deficits in visual processing during reading
in dyslexics have been interpreted as associated with the
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difficulties in processing phonological information. Eden
and colleagues conducted a series of studies on dyslexics,
“backward readers,” and controls that involved visual
tasks (measures of fixation, vergence amplitude, saccade,
and smooth pursuit) that did not involve phonological
processing. Results indicate that fixation instability at the
end of saccades, poor smooth pursuit (particularly left to
right), and vergence amplitudes were lower in the dyslexic
group. All dyslexics with small vergence amplitudes were
also impaired in phonemic awareness (as assessed by pig
Latin). The “backward reading” group showed a similar
profile (the question here is whether this group was bio-
logically different from the dyslexics). Eye movement ab-
normalities were not correlated with attention deficit, gen-
der, IQ, or handedness. The conclusion was that the
oculomotor abnormalities appeared unrelated to the
phonemic awareness deficit (150). In an fMRI study of vi-
sual motion processing in dyslexic men and controls,
there were no group differences in activation pattern vi-
sual cortex, or extrastriate cortex, or stationary visual stim-
uli were presented, but the dyslexics did not activate the
middle temporal area (V5/MT) to the same extent as con-
trols when moving stimuli were presented (151). These
findings have been interpreted as showing an abnormality
in the magnocellular pathway at the level of primary vi-
sual cortex (area 17;V1) or earlier, indicating that the
magnocellular system of dyslexics can respond to low-
contrast stimuli, but the response is slow. These findings
were further supported by neuropathological studies of
the lateral geniculate nucleus that revealed disorganized,
shrunken magnocellular layers without any changes in the
parvocellular layers in the dyslexics in comparison to con-
trols.

A subsequent visual evoked potential study in which
low- and high-spatial frequency targets were presented in
either a steady or flickering background showed no differ-
ences in the high spatial condition between dyslexics and
controls, but when low spatial frequencies were used, there
were longer latencies of early components of the visual-
evoked potential in the dyslexics. However, Victor and col-
leagues attempted unsuccessfully to replicate these findings
(152).

Although, as this brief review indicates, there is some ev-
idence suggesting that visual deficits are present in some
dyslexics, there is little reason to believe that visual pro-
cessing is the underlying deficit. Some dyslexics have been
shown to have associated motor, timing, praxis, and/or co-
ordination deficits; some have more complex auditory pro-
cessing deficits. However, these might be considered to be
“add-ons,” distinct from the primary pathophysiology. In a
well-constructed and executed study by Ramus, young
adult dyslexics and controls underwent extensive psycho-
metric, phonological, auditory, visual and cerebellar test-
ing. One hundred percent of the dyslexics had a phonolog-
ical deficit, 63% an auditory deficit, 25% a motor deficit,
and 12.5% a visual magnocellular deficit. Thus, a phono-

logical processing deficit is a sufficient explanation for
dyslexia and has much theoretical and empirical support.
In addition, the phonological processing deficit model has
given rise to effective treatment strategies that have demon-
strated efficacy.

GENETIC ASPECTS

The familial nature of dyslexia has been known for over a
century. In 1907, Stephenson described a family with six
cases in three generations (153). The first formal genetic
study was published in 1950 (154). Rutter and Yule, using
data from the Isle of Wight study, noted that a family his-
tory of reading disability occurred in approximately one
third of the children with reading disability compared to
9% of the controls. They cautioned that this did not elimi-
nate the possibility that environmental factors were also
involved.

Twin studies also have supported the genetic etiology
of dyslexia, although there has been considerable variabil-
ity from study to study. Bakwin reported that the
probandwise concordance rate in twin pairs, in which at
least one twin was reading disabled, was two times higher
in monozygotic twins (91%) than in dizygotic twins
(45%) (155). In a study of 13-year-old monozygotic and
dizygotic twins, Stevenson noted that the genetic contri-
bution was relatively modest if only reading scores were
used. When spelling was added, heritability increased to
0.75 (71). Data from the large number of twin pairs that
have been studied in the Colorado Family Reading Study
provide particularly convincing support for the heritabil-
ity of dyslexia (156, 157). These investigators employed a
multiple regression analysis which made it possible to use
an alternative test of genetic etiology of reading disability.
They concluded that about half of the impairment in
reading performance of the probands was the result of
heritable influences, and 40% could be attributed to
shared environmental influences. Even more importantly,
these investigators were able to show that IQ was not a
factor in either genetic etiology of reading disability or
twin resemblance. Moreover, a comparison of the phono-
logical and orthographic coding scores of the twins sup-
ported the concept that reading-disabled children have a
deficit in phonological coding and that individual differ-
ences in word recognition are largely the result of herita-
ble variation in phonological coding ability (158, 159).

Genetic linkage analyses on large families of subjects
with reading disability have identified a number of candi-
date genes at different loci. It is not clear at this point if there
are several different genes that lead to the dyslexic pheno-
type, if there are specific dyslexic phenotypes (which, at this
point have not been definitively identified), or how a spe-
cific gene affects brain development and function to pro-
duce the dyslexic cognitive profile. The manner in which the
diagnosis of dyslexia is made is of great importance in this
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type of study because of the variability in clinical presenta-
tion and the age-related changes in reading skill. Moreover,
large sample sizes are required in this type of work.

The chromosome region that has been most consistently
linked to dyslexia is in the region 6p23–p21.3 (160, 161).
A possible association with deficits in phonological aware-
ness was suggested by Grigorenko and colleagues (162).
However, investigators have not been particularly success-
ful in targeting the specific gene locus responsible for the
linkage in the 575-kb region under scrutiny on chromo-
some 6p22. The myelin oligodendrocyte glycoprotein
(MOG) gene, which maps to 6p21.3, appeared to be a pos-
sible candidate but this has not been substantiated on
closer inspection (165, 166). Francks and colleagues found
an association with this area in three samples, two from the
United Kingdom and an independent sample from Col-
orado (167). In a family-based and case-control study,
Cope et al. identified two single nucleotide polymorphisms
in the KIAA0319 gene on 6p.22 that best explained the
linkage to dyslexia. Thus KIAA0319 is a strong candidate
for a susceptibility gene: it is expressed in the brain, but its
function is currently unknown (168, 167).

The first study reported linkage of reading disability to
chromosome 15 in 84 individuals from nine families in
which reading disability appeared to be transmitted in au-
tosomal dominant manner (169). However, in only one of
the nine families was there a high lod score. A later study
based on a much larger sample indicated that approxi-
mately 20% of families with reading-disabled children
showed linkage to chromosome 15 (170). In a Finnish
study, a gene (DYX1C1 near the DYX1 locus on chromo-
some 15q21), disrupted by a translocation, was found to 
coincidentally segregate with dyslexia (171, 172). Subse-
quently, in a large study (898 individuals in 111 families),
this gene has been found to be linked to single word read-
ing (173). However, this association was not supported in a
large sample from the United Kingdom (174, 175), and in-
vestigators have not been particularly successful in narrow-
ing down the area and identifying any specific gene (176).
In another study by the Toronto group, the gene in the re-
gion of the translocation was found to be associated with
phonological awareness, word identification, decoding,
rapid automatized naming, language ability, and verbal
short-term memory but involved different alleles and hap-
lotypes than was reported in the Finnish sample (177).
Chromosome 15 has also been reported to be associated
with ADHD in a sample of Dutch children (94).

The region on chromosome 1p34–p36 has also been
considered as the site of a possible susceptibility gene for
dyslexia (178, 179). Grigorenko and colleagues studied
eight dyslexic families and suggested the possibility of a
two-locus interaction with 1 p and 6 p (180). In a sample
of 100 dyslexic Canadian families, assessed using phono-
logical awareness, phonological coding, spelling, and rapid
automatized naming speed, further confirmation of a 
possible linkage on 1p34–36 was found (181).

Kaminen and colleagues reported that they had con-
firmed a site on chromosome 2p11 (DYX3) that was asso-
ciated with dyslexia (182). Chromosome 3 has also been
identified as a possible candidate. In a study of a large pedi-
gree, dyslexia was found to segregate with an autosomal
dominant locus in the pericentromeric region of chromo-
some 3 (183).

A quantitative trait locus on 18p11.2 that was signifi-
cantly associated with single-word reading was identified.
The investigators felt that this might constitute a “general
risk factor for dyslexia, influencing several reading-related
processes” (184).

A locus on the X chromosome between markers
DXS1227 and DXS8091 was described in a single large
Dutch family. Males were predictably more severely af-
fected, whereas females had a somewhat milder presenta-
tion but could still be diagnosed as dyslexic on the basis of
the composite score (185).

Kaminen and colleagues noted that there was a possible
linkage to chromosome 7q32, but did not observe any spe-
cific mutations when they sequenced the FOXP2 (forkhead
box P2) coding region in six of their Finnish subjects with
dyslexia (182).

Nonetheless, the FOXP2 gene remains an interesting
candidate for a specific subtype of dyslexia. There is a
compelling confluence of structural, functional, and neu-
rodevelopmental information which suggests that FOXP2
may be related to dyslexia associated with severe
speech/language dysfunction. The association of severe
dyspraxia of speech, as a possible marker for dysfunction
of the mirror neuron system (the result of anomalous
neurodevelopmental processes), and subsequent difficulty
acquiring adequate phonological awareness is intriguing
(186). A mutation in exon 14 of the FOXP2 gene has been
linked to severe speech/language disorders in the KE kin-
dred, a large, three-generation family that has been exten-
sively studied. A morphometric MRI study revealed bilat-
eral reduction of grey matter in the caudate, the
cerebellum, and left and right inferior frontal gyrus in af-
fected family members with increased grey matter density
in the planum temporale. A fMRI study involving silent
and spoken verb generation and repetition was conducted
on family members with the FOXP2 mutation and unaf-
fected members from the same family. Those with the
FOXP2 mutation showed significant underactivation of a
variety of cortical language areas, including Broca’s area,
its right homolog, and the putamen (187). FOXP2 is in-
volved in the development of corticostriatal and olivo-
cerebellar circuits, which are critically involved in motor
control. Moreover, a study in songbirds suggests that it
may be related to neural plasticity underlying vocalization
(188).

However, studies of other subjects with speech-language
disorders and/or verbal apraxia have not consistently re-
vealed association with this locus. In a study of 96 subjects
with speech-language impairment, a mutation in FOXP2
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was not identified but an association with a marker adja-
cent to FOXP2 was observed (189). A heterozygous non-
sense mutation resulting in a truncated protein product
that cosegregates with severe verbal apraxia and concomi-
tant language disability has been identified in three of 49
subjects with apraxia of speech (190).

APPROACHES TO THE EVALUATION 
OF DYSLEXIA

An adequate assessment of the child with dyslexia requires
a multidisciplinary approach. A detailed history is used to
elucidate any obstetrical or medical problems that might
contribute to the problem, such as prematurity, hyper-
bilirubinemia, or a history of chronic otitis media, or sig-
nificant medical illness or surgical problems. The child’s
language and motor development should be reviewed in
great detail: was he an interactive pleasant baby who cooed
responsively? When did babbling commence? When did the
child start uttering words with communicative intent?
When did he start using words to communicate effectively?
At what point was the child intelligible to persons outside
the family? Was he able to follow simple directions? Or was
it necessary to use a lot of gesturing? Did the child engage in
symbolic play activities? What about chewing and swallow-
ing food? Is he a messy eater? Can the child swallow pills?

The family history should also be carefully reviewed.
This should include asking about the educational and pro-
fessional status of the parents and their siblings, and the
grandparents. In addition, one should find out if the par-
ents (and if possible other family members) read for plea-
sure, can master foreign languages, and are able to spell. In
families from lower socioeconomic groups, dropping out
of school, and finding work as a laborer are highly sugges-
tive. However, because some dyslexic adults can be quite
successful, it is important to review their educational his-
tory and past and present reading and spelling skills.

All children being evaluated for dyslexia should also be
screened for ADHD. Given the extremely high comorbidity
of reading disability and ADHD, it is important to be aware
of attentional problems, which make it even more difficult
for the child to perform adequately. In addition, screening
for depression, anxiety, oppositional defiant disorder, and
conduct disorder are warranted. Some anxious dyslexic
children who perform well despite their handicap have a
rather obsessive approach to school work.

The history should also inquire in detail about the child’s
school performance: what kind of school does the child at-
tend? Has the child had any previous evaluations? How did
the child fare in kindergarten and first grade? Was he able to
recognize letters? How about spelling and writing and arith-
metic? Is the child independent in homework skills (this de-
pends, to some extent, on the child’s grade level). One 
expects a child in second grade to require some supervision.
However, a child in fifth grade who requires constant 
supervision by parents and teachers to keep track of, finish,

and turn in homework should be closely scrutinized for read-
ing disability and ADHD. The amount of effort that a parent
must put in at home around completing homework is also an
important aspect of the history. The child whose parents de-
scribe time-consuming, nightly battles surrounding home-
work should be considered at high risk for dyslexia.

The formal assessment should involve a standardized IQ
test. Examination of reading skills should include assessing
the child’s ability to read single sight-words and decode
nonwords. An assessment of phonological awareness,
phonological memory, and rapid naming should be carried
out (Comprehensive Test of Phonological Processing) (24).
The Lindamood Auditory Conceptualization Test-3 not
only assesses phonemic awareness but also a child’s ability
to conceptualize syllables and phoneme-syllable relation-
ships. (190a) The Test of Word Reading Efficiency is well-
normed and measures not only accuracy but also decoding
speed (190b). Oral reading fluency and reading compre-
hension, as measured on the Gray Oral Reading Test-4, is
particularly helpful because it sometimes highlights an ob-
vious a discrepancy between poor mechanical reading skills
and above-average reading comprehension (190c).

Spelling should be evaluated. The child’s ability to write,
both in terms of the motor mechanics and legibility, as well
as speed should be assessed. In addition, the child’s ability
to organize a story or a report should be assessed. Arith-
metic should be evaluated. Many dyslexics have relative
strengths in arithmetic and in terms of managing psy-
chosocial issues and school curricula, this is an important
piece of information.

An assessment for dyslexia should also include a thor-
ough examination of language. In addition to assessing the
child’s lexical, semantic, and syntactic processing through a
formal language assessment, confrontation naming, verbal
fluency, and short- and longterm verbal memory should be
evaluated. An assessment of frontal executive function and
visuospatial skills should also be conducted. These are of-
ten areas of strength.

The child should also be carefully evaluated for ADHD as
well as any other psychiatric comorbidities. An interview
with the parents, teacher, and child should focus on screen-
ing for ADHD, other disruptive behavior disorders, anxiety,
and depression. Simply asking the child what part of their
school day they like best can be very informative (an answer
such as “lunch” or “recess” tells one a great deal). Some
children will be quite clear about their dislike for certain
school subjects. A diagnostic screening questionnaire com-
pleted by the parents and teachers is helpful. The child’s
level of attention, arousal, impulsivity, and restlessness as
well as his or her ability to express ideas in language should
be monitored during the interview and assessments. A con-
tinuous performance task is often helpful. This evaluation is
obviously considerably more extensive than is typically ad-
ministered in a school setting. However, because dyslexia is
not simply a “learning disability” it is important to have a
clear idea of what one is dealing with. Understanding the
child’s self-image, coping strategies, and insight is particu-
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larly helpful. It is also important to understand how the par-
ents view the situation. Some parents deny the child’s diffi-
culty and may see the school’s concerns as unjustified and
intrusive. Other parents see the child’s struggles as mirror-
ing their own experience in school and feel guilty.

Many bright dyslexic children are able to cope with
school work, not because they can read well, but rather be-
cause they can understand what they are reading without
actually having read it. This may not pose a problem in
terms of classroom performance, but in situations in which
there is a high level of pressure to perform, or a high stakes
test, the child may decompensate. In many school systems,
informal teacher-conducted reading assessments are heav-
ily weighted toward reading comprehension rather than
mechanical reading skills.

TREATMENT/MANAGEMENT 
OF DYSLEXIA

Reading disability has a pervasive effect on a child’s aca-
demic success and may cast a shadow on accomplishment
and self-esteem throughout adult life. Treatment of dyslexia
has therefore been a focus of attention for parents, teachers,
and professionals who seek effective strategies for treating
the disorder. Many methods have been devised, ranging
from the teaching of explicit reading strategies, using a mul-
tisensory approach (such as the Orton-Gillingham method)
(191) or the commercial programs that are based on the Or-
ton-Gillingham, such as Alphabetic Phonics, Project Read,
the Herman Approach, Slingerland Approach, the Spalding
Approach, the Wilson Approach, or LANGUAGE! Other
therapies include vision training, colored lenses, cran-
iosacral therapy, motor treatments designed to address cere-
bellar deficits, and so on.

There are two general approaches to the treatment of
dyslexia. One is a “top-down,” whole language approach
that uses semantic or syntactic clues for word reading but
does not train phonologic awareness in an explicit, se-
quential fashion. The other is a “bottom up” approach that
addresses phonological awareness in a direct, explicit fash-
ion. An example of this direct approach using explicit train-
ing of phonological awareness is the program, developed
by the Lindamoods, initially called Auditory Discrimina-
tion in Depth (ADD) (192). This program has undergone
some revision and was renamed LiPS (Lindamood
Phoneme Sequencing program) (193). The treatment 
approach needs to be adjusted to the age of the child. Very
different strategies need to be used if one is dealing with an
at-risk 4-year-old child with a language disorder or working
with a 20-year-old college student. In addition, the treat-
ment needs to be delivered in an intensive fashion with
close monitoring, feedback, and an orderly, sequential ap-
proach. For example, in the treatment study reported by
Eden and colleagues, dyslexic adults received 3-hour daily
sessions in a small group setting for 8 weeks, an average of
112.5 hours of training. It is interesting that Hinshelwood,

a century ago, recognized the importance of frequent train-
ing. Lacking intensity, treatment can go on for many years
and in severely dyslexic individuals, may result in only
minimal gains (Lyon 1985, Snowling and Hulme 1989).

There is a relative paucity of well-designed peer-
reviewed studies that support these various methods. The
reader is referred to the review by Alexander and Slinger-
Constant, which discusses in depth various current 
strategies for treating dyslexia and critically reviews the sup-
porting research (194).

There are now a number of studies that indicate that ap-
propriate, intensive, treatment designed to enhance
phonologic awareness will result in a shift in the pattern of
brain activity to a pattern resembling that of the normal
reader. This suggests that the brain has sufficient plasticity
to respond to appropriate explicit intensive treatment by
modifying neuronal connectivity. These studies, which
have been reported out of several different research centers,
using somewhat different programs, are quite encouraging
(195–198). However, this treatment approach is based on
neurorehabilitation. It is important that once a child has
completed the intensive program that they continue to
practice the skills that they have acquired until they become
automatic and self-sustaining. For a moderately severe
dyslexic, intensive treatment will significantly improve de-
coding accuracy but fluency will follow much more slowly.
The child will need continued support or there is a risk of
return to the previous state. In adults, the response to in-
tensive treatment is somewhat different, involving more
right hemisphere activity (199). The fact that such changes
can be made in the activation pattern suggests that it
should be possible to effectively help children and adults
with dyslexia, given how valuable reading is in our society.

In addition to the direct treatment of the underlying
phonological awareness deficit, other issues must be incor-
porated into the management of the dyslexic patient. After
chronic failure in school, older children and adults need
work with a sensitive psychotherapist to help them reframe
their perceptions of themselves. Therapy directed at helping
them acquire a realistic view of their cognitive strengths and
weaknesses, and coaching them on how to bypass areas of
deficit, can be extremely helpful. A substantial number of
dyslexics also have significant attention deficits, which may
not be at all clinically obvious. They benefit from psychos-
timulant treatment. Books on Tape are often very helpful for
the dyslexic with a heavy reading load. Effective text-reading
and voice-recognition software packages are now available.
Learning to touch-type and use a spell-checker also helps
these students function effectively.
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Sleep disorders in children are relatively common and
readily treatable. This chapter will review the various sleep
disorders common in children and the management of
these sleep disorders. Perhaps nowhere else in this text does
modern neurology and psychiatry merge as naturally as in
a discussion of sleep disorders. Sleep and dreams are at the
core of the mystery (and wonderment) of the relationship
between the brain and the mind. Seeking an understanding
of sleep has been influential in the development of our cul-
ture. In prehistoric societies, attempts to understand the
imagery of nighttime dreams and nightmares might have
given rise to concepts of the spiritual world and religion. In
medieval times, the phenomena of sleep paralysis, night
terrors, and sleepwalking may have been interpreted as
manifestations of demons.

Three hundred years ago the recurring nighttime afflic-
tions of restless leg syndrome were thought to be a curse
until Willis (of Circle of Willis fame) accurately described it
as a neurological disease. In the late 19th century, sleep was
viewed as a passive state that occurred in the absence of
brain stimulation. Thomas Edison thought that the inven-
tion of the light bulb would allow us to avoid sleeping. The
interest of a young neurologist named Sigmund Freud in
sleep and dreams opened a new chapter in psychiatry. Years
later a medical student, William Dement, became inter-
ested in finding a neurological basis to understand Freud’s
dream theories (1). In 1952, he helped discover the rela-
tionship between electroencephalographically measured
rapid eye movements in sleep and dream recall. Infants and
small children were an early part of Dement’s research into
rapid eye movement (REM) sleep. This research led to
worldwide studies of the basic physiology of sleep.

Dement became a psychiatrist and initially studied the
relationship of sleep and dreams to mental illness. In 1972,

he hired a young neurologist, Christian Guilleminault, and
together they established the first medical clinic devoted
exclusively to the treatment of patients with sleep disorders
within the department of psychiatry at Stanford University.
Guilleminault, as a student, had studied child development
with Jean Piaget in France. Not surprisingly, children were
among the first patients seen at the new clinic. This land-
mark clinic served as a model for the comprehensive mul-
tidisciplinary care of patients with sleep disorders. It also
contributed to the recognition of sleep disorders medicine
as a recognized medical specialty. The synergy of neurology
and psychiatry, which was essential in establishing this new
field, should continue for it to progress. The study of nor-
mal sleep and sleep disorders in children is an integral part
of the development of modern sleep medicine.

It was probably not a coincidence that these researchers
were relatively young when they embarked on their studies
on sleep. The young seem to be particularly curious about
sleep and dreams. Listening to children talk about their
sleep can be fascinating. The REMs associated with dream-
ing are more easily seen in infants and young children than
in adults and do not require sophisticated instrumentation.
Dement has speculated that perhaps the discovery of REM
sleep would have been made earlier if we had only paid
closer attention to children when they were asleep (1). This
tendency to not pay attention to children while sleeping
has persisted. The author (RP) recalls being told as a pedi-
atric intern to advise his patients’ parents not to watch their
children sleep as they would only return with too many
unanswerable questions! Current knowledge of sleep dis-
orders in children has not been incorporated into most
medical training programs. This reality is hard to reconcile
with the high prevalence of sleep disorders in children. In-
fant’s sleep problems represent one of the most frequent
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complaints of parents consulting a pediatrician (2). The
National Commission on Sleep Disorders concluded that
25% of parents had some concerns about their children’s
sleep. One survey estimated that 38% of children had ex-
perienced parasomnias such as sleep walking or night ter-
rors, 14% had excessive daytime sleepiness, and 11% had
sleep disordered breathing (3). When a child comes in for
an evaluation of a possible sleep problem, the first concern
of the parents or caretakers is whether the problem is due
to a behavioral or physical cause. Often, the sleep problem
is neither purely behavioral nor purely physical, but rather
represents a combination of these factors.

The most common question asked about a child’s nor-
mal sleep is, “how much time does my child need to
sleep?” When a child has trouble sleeping, parents will of-
ten turn to a variety of paperback advice books on the
market. The quality of advice offered is quite variable and
conflicting. Clinicians should be aware of the advice put
forth by the more popular of these books since parents may
quote or have specific questions about the material as it
applies to their child. Also parents are unlikely to seek a
clinician’s opinion if the advice book has solved the prob-
lem, so the questions that do arise are sometimes the result
of frustration or confusion about what the parents have
read. Often these books do not provide any longterm lon-
gitudinal data about the amount of time that a normal
child spends sleeping at different ages.

NORMAL SLEEP

The basic principles of normal sleep are the same for chil-
dren and adults. Normal sleep can be simply described as the
ability to fall asleep easily, sleep through the night, and wake
up feeling refreshed. What does this require? When adults
with chronic insomnia describe their sleep difficulty, they
initially say it has been a lifelong pattern. However, if you ask
them specifically if they had insomnia when they were 8 or
9 years old they will often answer either “no” or “I don’t re-
member.” The insomnia problems often emerge in adoles-
cence or even later. When insomnia is present at an early age,
fear of sleeping alone is often a component.

Long-term longitudinal data has been published by
Iglowstein and colleagues to illustrate the developmental
course and age-specific variability of sleep patterns (4). As
part of the Zurich Longitudinal Studies, they followed 493
children for 16 years. The study used structured sleep re-
lated questionnaires at 1, 3, 6, 9, 12, 18, and 24 months af-
ter birth and then at annual intervals until 16 years of age.
Total sleep duration decreased from an average of 14.2
hours (SD: 1.9 hours) at 6 months of age to an average of
8.1 hours (SD: 0.8 hours) at 16 years of age. Total sleep du-
ration decreased across the studied cohorts (1974–1993) as
a result of later bedtime, but wake time remained essen-
tially unchanged. Between 1.5 years and 4 years of age,
there was a prominent decline in napping habits. At age 1.5

years, 96.4% of children had naps; by 4 years of age, only
35.4% napped. This is consistent with a prior study of nap-
ping patterns by Weissbluth (5).

Napping patterns were monitored in a cohort of 172
children followed from 6 months to 7 years of age. There
were no differences in the number of naps at 6 months of
age or the pattern of napping based on gender, birth order,
and whether naps disappeared spontaneously or were
stopped by the parents. Total daytime sleep remained a sta-
ble individual characteristic between 6 and 18 months of
age. A pattern of two naps per day was well established by
9 to 12 months of age and one afternoon nap by 15 to 24
months. The duration of naps from 2 to 6 years was 2
hours. During the third and fourth years, napping occurred
in the majority of children, but at decreasing rates. A mi-
nority of children were napping by 5 to 6 years and naps
usually disappeared by age 7. If a child continues to nap by
the age of 7 years, it is possible that a sleep disorder may be
present. In 2004, Watamuran and colleagues showed
changes in cortisol activity in infants who took frequent
short naps (6). However, nap behavior can be put into a
cultural context; it would be less of a concern if napping or
“siestas” are part of the cultural environment. However, it
is important to ask about the child’s behavior in the after-
noon. Naps may not be called naps but rather reported as
falling asleep while riding home from school. This overall
normative data can serve as a guide to determine if a prob-
lem is due to an inadequate amount of sleep.

To determine if a problem is due to an inadequate qual-
ity of sleep, more detailed measurements of sleep and the
underlying physiology may be needed. Sleep physiology
begins with an understanding that sleep is not a homoge-
nous state, but is instead a mixture of rhythms associated
with different states and stages. The brain seems to have
three basic states or modes: awake, dreaming, or sleeping
without dreaming. Evaluating these states and stages re-
quires three electrophysiological measurements: the elec-
trical activity of the brain during the sleep states, the mus-
cle tone, and eye movements. These parameters are
measured with an electroencephalogram (EEG), a chin
electromyogram (EMG), and an electrooculogram (EOG),
respectively. The patterning of these measures (electrical
activity of the brain, muscle tone, and eye movements) di-
vides sleep into two broad categories: REM sleep and non-
REM sleep. REM sleep is referred to as paradoxical sleep
because the brain waves are similar to those of the awake
state but the body seemed paralyzed. REM sleep accounts
for approximately 20% of total sleep time after age 3 years.
At birth, REM sleep takes up 50% of the total sleep time.
Dreaming is associated closely with REM sleep. REM sleep
is characterized by loss of muscle tone (atonia), which re-
sults in absent or greatly diminished deep tendon reflexes.
When a person is awakened from REM sleep, wakefulness
returns quickly. REM periods occur in cycles of approxi-
mately 90 minutes throughout the night, with the longest
and most intense REM periods occurring just after the body
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temperature reaches a minimum (approximately 2 hours
before waking up). At the end of every REM cycle, there is
usually an arousal or brief awakening. In infants, REM cy-
cles are shorter (approximately 40 to 60 minutes). Parents
may be concerned that their infant seems to “wake up ev-
ery hour.” These brief awakenings may be part of the child’s
normal rhythm, but an overly attentive parent may inad-
vertently reinforce and prolonged the awakenings. On the
other hand, it is possible that the awakenings are due to a
condition that is exacerbated by REM sleep, such as ob-
structive sleep apnea.

NonREM sleep is subdivided into stages 1, 2, 3, and 4.
Stage 1 is the lightest sleep and is typically a transition from
awake to drowsiness to sleep. Stage 1 occupies less than
10% of the total sleep time. In stage 1, people may not re-
alize they are asleep and think they were awake. They may
also have fragments of auditory or dreamlike imagery
called hypnagogic hallucinations. Similar episodes upon
awakening are called hypnopompic hallucinations. These
episodes occur more commonly with sleep deprivation and
in conditions such as narcolepsy. They should not be con-
fused with psychosis. Stage 2 is an intermediate state that
can be over half of the total sleep time. Stages 3 and 4 (also
called delta or slow-wave sleep) represent the deepest sleep
as measured by the amount of stimulation needed to wake
up. This stimulation is called the arousal threshold. It is
called delta sleep because the EEG is dominated by slow
waves in the delta range (�4 Hz). Delta sleep has homeo-
static properties: it increases in duration and intensity in re-
sponse to sleep deprivation. The amount of delta sleep is at
least 10 % of the total sleep time in children and decreases
after adolescence. Delta sleep clusters in the first third of
the night. During delta, it is extremely difficult to arouse
children. If aroused, they often appear disoriented and cog-
nitively slowed. Parasomnias, such as sleepwalking and
sleep terrors, usually emerge from slow-wave sleep and are
common in the first third of the night.

A discussion of normal sleep would be incomplete
without reviewing the role of circadian rhythm and the
biological clock (7–11). The circadian modulation of
alertness and sleepiness is an important part of sleep
physiology. A successful terrestrial animal must be able to
predict dawn and dusk and anticipate the change in sea-
sons. Humans are, in general, diurnal. We have excellent
color vision in the daytime but our night vision is not as
good as that of many of our potential predators. Part of
our circadian physiology is our tendency to have de-
creased alertness in the afternoon and to have a surge of
alertness (“second wind”) in the evenings. This process is
modulated by the suprachiasmatic nucleus and is referred
to as clock-dependent alerting (12, 13). If a person is hav-
ing trouble falling asleep, then an earlier bedtime may
make the problem worse by creating greater frustration.
Dramatic shifts in wake-up times on school days com-
pared to nonschool days can alter the circadian patterns
and lead to sleep problems.

GENERAL CLINICAL GUIDELINES

Sleep disorders should be considered whenever a child is
being evaluated for a behavioral problem. Insufficient
quality or quantity of sleep may be associated with learning
difficulties and attention problems. When a child does not
sleep well, it can disrupt the entire household and lead to
significant stress for the family. Unrecognized and under-
treated sleep disturbances can carry over into adulthood.

In pediatrics, a medical history usually starts with the
history of the pregnancy and delivery. However, an ade-
quate history of a child’s sleep disorder should begin with
a history of the sleep patterns of the parents/caretakers be-
fore the child was born. For example, if an infant sleeps
continuously for 7 hours at night and the mother was in the
habit of sleeping 6.5 hours before the pregnancy she might
be pleased with the way the child is sleeping. However, if
the mother usually slept 8 or 9 hours she might complain
that the child is not sleeping enough at night. The family’s
cultural background must also be taken into account when
evaluating a complaint of poor sleep. Also, the influence of
other family members, such as grandparents, in shaping
the family’s views should be considered. The parents need
to be in agreement about their expectations of the child’s
sleep, especially if the parents come from different cultural
backgrounds. The parent’s own experience in childhood
should be explored. The mother and father may view the
infant’s sleep pattern from quite different perspectives.
However, studies have included both parents to analyze
parent-child interactions (14). Particularly in the early
years, a child’s life is centered at home. If a parent had a his-
tory of occasional insomnia before the infant was born, he
or she might be overly sensitized to interruptions of sleep
by the infant, whereas the other parent might find the dis-
ruption more tolerable. A parent who has a history of snor-
ing or mild obstructive sleep apnea might be less able to
tolerate what would otherwise be considered normal inter-
ruptions of sleep.

When taking a history it is important to keep in mind
that the need for sleep is biological; however, the way
someone sleeps is learned. Sleep clearly fulfills some bio-
logical needs and has homeostatic properties (15), and the
longer you stay awake, the more intense the desire to sleep;
the better you sleep, the better you are able to stay awake.
At the same time, in theory, a person is more vulnerable
and could be attacked while sleeping, so there must be
mechanisms present that allow us to sleep and be safe at
the same time. Like other animals, we sleep differently de-
pending on the particular circumstances in which we find
ourselves. A woman late in her pregnancy will have very
fragmented sleep due to multiple factors. Will she then be
able to regularly sleep soundly for 8 hours in a row after she
becomes a mother? Certainly not, if she has to nurse her
newborn every 2 to 4 hours! All of us sleep best when we
go to sleep feeling safe and comfortable. We learn to feel
this way by forming associations with our sleeping envi-
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ronment and these associations are formed starting from
infancy. Infant and children, like adults, may develop mal-
adaptive associations that result in sleep difficulties. When
evaluating school age children for a sleep problem, it is im-
portant to ask the child directly if he is scared of the dark or
of being alone. The parents may minimize these concerns
and the children may be too embarrassed to volunteer the
information. In any evaluation, it is crucial to keep in mind
the interaction between the physiological need for sleep
and the psychology of sleep.

When evaluating a sleep problem, it is important to rec-
ognize that what awakens the patient may not be what
keeps the patient awake. For example, you could be awak-
ened at night because of the sudden loud noise coming
from a party next door. The fact that you were not invited
to the party could bother you and keep you awake! It is not
uncommon in a clinical situation to have two or more
sleep disorders interacting in the same patient. A child may
have an awakening due to difficulty breathing from sleep
apnea, but then be unable to return to sleep because she
has not learned to settle back down without the parents’ in-
tervention. Since patients can not provide us with informa-
tion about their sleep once they are asleep, it is important
to get as much information as possible from other mem-
bers of the household.

PHARMACOLOGICAL GUIDELINES

There is relatively little information available on the phar-
macological management of sleep disorders in children.
Most pharmacological guidelines were developed for sleep
disorders in adults and must be empirically extrapolated to
children. The medications are typically neither US Food
and Drug Administration (FDA) approved for the specific
sleep disorder nor for the pediatric age range. The physician
is often forced to prescribe medications as an “off label”
indication. This may result in frustrating insurance reim-
bursement delays or denials for the family. These reim-
bursement problems may affect the availability of a specific
medication, the family’s compliance with the medication,
or force the physician to prescribe a less desirable alterna-
tive medication. The medication may not be available com-
mercially in an easily administered format. Young children
may not be able to swallow pills or ingest chewable tablets,
requiring the local pharmacist to compound the medica-
tion into a suspension. In addition, due to the natural
aversion among both parents and physicians to use medi-
cations for pediatric sleep disorders, medications are
usually prescribed as a last resort or in the most refractory
situations.

At times, a decision to use medication in a child may be
made not necessarily to assist the child as much as to help
the parents or other family members sleep better. It is not
unusual for parents to finally seek help for a child’s long-
standing sleep problem when they feel they can no longer

put up with interruptions to their own sleep. Further com-
plicating the pharmacological treatment of sleep disorders
in children is the general lack of specialized training in
sleep disorders available to the health care providers who
are working with these children. Failure to consider or
properly apply nondrug treatments as part of the compre-
hensive management of the child may also lead to unsatis-
factory results for the patient and the family. Children with
sleep disorders may not be properly managed due to either
underdosing or overdosing of medication or incorrect
medication selection.

There maybe an overreliance on the effects of the medi-
cation by both the parents and health care provider with-
out adequate application of behavioral techniques to help
improve the child’s sleep. A common scenario in clinical
practice is a parent’s complaint of a child’s paradoxical re-
action to a hypnotic medication. “It made it worse” or “he
became hyper” may be the parent’s complaint. This may
occur because the timing or the dose provided was incor-
rect. The parents may expect that once a medication has
been finally prescribed to help their child sleep that it will
“knockout” the child. It is important that the health care
provider advising this family take into account the circa-
dian modulation of alertness. Humans will typically expe-
rience enhanced alertness in the evening, which is often re-
ferred to as a “second wind.” During this circadian phase, it
is harder to fall asleep. If the hypnotic medication is given
during this circadian time window, the medication may
not work or the child may be frightened by hypnagogic hal-
lucinations. If a medication has been shown to shorten
sleep latency by only 20 or 30 minutes, giving this medica-
tion 2 or 3 hours before the usual falling asleep time could
elicit this common scenario. This same medication given at
a more appropriate circadian time could be effective. A sim-
ilar lack of efficacy or paradoxical reaction could occur if
the medication dose is inadequate.

This lack of proper management of the sleep problem
may be particularly common among children with neuro-
logical or psychiatric disabilities. If the child cannot com-
municate what she feels is causing the sleep difficulty,
incorrect assumptions may be made by the family or health
care provider. In a case of insomnia, this can result in an es-
calating cycle of progressively more sedating agents with
increasing likelihood of adverse effects. Concomitant day-
time sedation may occur, which may interfere with the
child’s therapeutic program and exacerbate the child’s
disabilities. In some situations, the fear of addiction may
deter the physician or the family from using pharma-
cotherapy adequately to improve the child’s sleep.

SLEEP DISORDERS

There are over 80 recognized sleep disorders, encompass-
ing a wide range of disturbances including parasomnias,
sleep-related disordered breathing, (obstructive sleep
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apnea), restless leg syndrome, and disorders of initiating
and maintaining sleep. However, we lack sufficient norma-
tive and epidemiological data in the field of pediatric sleep
disorders and much more research is needed. There is a
paucity of therapeutic clinical trials and health policy out-
comes research.

Sleep-Disordered Breathing

Sleep-disordered breathing is a clinical syndrome ranging
from simple snoring to potentially life-threatening ob-
structive sleep apnea syndrome. This clinical spectrum can
occur at any age. Charles Dickens provided a classical de-
scription of “Pickwickian” snoring with arousals and exces-
sive daytime sleepiness in a boy named Joe (16). The first
medical description in English of children with abnormal
breathing in sleep is attributed to William Osler in 1892 in
his textbook (17).

In the modern medical literature, Guilleminault re-
ported the first series of children with obstructive sleep
apnea in 1976 (18). That report describes the essential clin-
ical features of this condition. More recently there has been
a realization that patients may be symptomatic in the ab-
sence of frank apneas (19, 20). This has led to use of the
terms “sleep-disordered breathing” and “sleep-related
breathing disorders” to better describe the clinical spec-
trum, which includes obstructive sleep apnea syndrome,
upper airway resistance syndrome, and obstructive hypop-
nea syndrome.

The most obvious nocturnal symptom is snoring. Snor-
ing is very common in the pediatric population. It can indi-
cate turbulent airflow and is not normal (21–23). While
awake, breathing is silent. If a sleeping animal is vulnerable
to attack by a predator, why would it make breathing noise
when its guard is down? Indeed animals in the wild do not
seem to snore; only domestic animals snore. Not all snoring
is due to obstructive sleep apnea. It may be due to other
forms of obstruction such as nasal allergies or a cold (24,
25). Chervin et al. assessed the frequency of childhood sleep
problems in two general pediatric clinics. Parents of 1,038
unselected children (554 boys) aged 2.0 to 13.9 years com-
pleted a validated Pediatric Sleep Questionnaire. Habitual
snoring was reported in 176 (17%) of the children (26).

While sleep-disordered breathing in children has many
important similarities to the adult version of this disorder,
there are also marked differences in presentation, diagno-
sis, and management. Abnormal daytime sleepiness may
be recognized more often by school teachers than by par-
ents. Some parents may consider an increase in total sleep
time or an extra long nap as normal. Nonspecific behav-
ioral difficulties in children with sleep disorders may be
reported to the pediatrician such as abnormal shyness, de-
pression, hyperactivity, developmental delays, or rebel-
lious or aggressive behavior (27). Chervin and associates
found conduct problems and hyperactivity are frequently
described in children referred for sleep-disordered breath-

ing. They surveyed parents of children aged 2 to 14 years
at two general clinics between 1998 and 2000. Parents of
872 children completed the surveys. Bullying and other
specific aggressive behaviors were two to three times more
frequent among children at high risk for sleep-disordered
breathing (28). Other daytime symptoms may include
speech defects, poor appetite, or swallowing difficulties
(19, 29). Bedwetting accidents should raise suspicion of
sleep-disordered breathing. Crabtree et al. found more im-
pairments in quality of life and depressive symptoms in
children who snored (30).

Many of these children breathe through their mouths,
and regular mouth breathing should always lead to suspi-
cion of sleep-disordered breathing (31). Children with dis-
ordered breathing may avoid going to bed at night due to
hypnagogic hallucinations. Upon awakening, these chil-
dren may report morning headaches, dry mouth, confu-
sion, or irritability. As mentioned, depending on the child’s
age, daytime sleepiness may not be obvious. It may present
only as a complaint of daytime tiredness or as a tendency
to take naps easily anywhere.

A study from Israel found that children with sleep-
disordered breathing had lower scores on neurocognitive
testing compared to controls; test performance improved af-
ter treatment (32). In this prospective study, 39 children
aged 5 to 9 years underwent a battery of neurocognitive tests
containing process-oriented intelligence scales. Children
with sleep-disordered breathing had lower scores compared
with healthy children in some of the Kaufman Assessment
Battery for Children (K-ABC) subtests and in the general
scale Mental Processing Composite, indicating impaired
neurocognitive function. Six to 10 months after adenoton-
sillectomy, the children with obstructive sleep apnea syn-
drome demonstrated significant improvement in sleep
characteristics, as well as in daytime behavior. Their neu-
rocognitive performance improved considerably, reaching
the level of the control group in the following subtests:
Gestalt Closure, Triangles, Word Order, and Matrix analo-
gies, as well as in the K-ABC general scales, Sequential and
Simultaneous Processing scales, and the Mental Processing
Composite scale. The magnitude of the change expressed as
effect sizes showed medium and large improvements in all
three general scales of the K-ABC tests. The authors con-
cluded that neurocognitive function is impaired in other-
wise healthy children with sleep-disordered breathing. Most
functions improve to the level of the control group, indicat-
ing that the impaired neurocognitive functions are mostly
reversible, at least 3 to 10 months following adenotonsil-
lectomy (32). An abrupt and persistent deterioration in
grades must also raise the question of abnormal sleep and
sleep-disordered breathing (23, 33–36).

In schools, tiredness and sleepiness may be labeled as
“inattentive in class,” “daydreaming,” or “not being there”
(37, 38). Concerns about school performance were raised
in the original description of obstructive sleep apnea
syndrome in children (14). More recently, a number of
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studies have addressed the possible association between
sleep-disordered breathing and attention deficit hyperac-
tivity disorder (ADHD) (39–45). O’Brien et al. examined
the hypothesis that certain domains of neurobehavioral
function would be selectively affected by sleep-disordered
breathing. They conducted a survey of 5,728 children, aged
5 to 7 years old, asking questions about the frequency of
various sleep-related problem behaviors, including snor-
ing. The parents were also asked if the child was hyperac-
tive. Children with reported symptoms of hyperactivity
were then randomly selected for an overnight polysomno-
graphic assessment and a battery of neurocognitive tests.
Controls were selected from the group of children whose
parents did not endorse hyperactive symptoms. Parents
completed standardized rating scales relating to ADHD.
Frequent and loud snoring was reported in 11.7% of the
children; 7.3% of the parents viewed their children as being
hyperactive or as having received a diagnosis of ADHD. The
majority (76.5%) were boys. Eighty-three children with
parentally reported symptoms of ADHD had sleep studies
together with 34 control children. The Conners’ Parent Rat-
ing Scale was administered to identify the degree of hyper-
activity. Overnight polysomnography revealed that ob-
structive sleep apnea was present in 5% of those with
significant ADHD symptoms, 26% with mild symptoms,
and 5% of the nonhyperactive control group. REM latency
and the proportion of REM sleep were more likely to be af-
fected in the group with significant symptoms of ADHD.
The groups did not differ in any other objective sleep mea-
sure. The authors concluded that an unusually high preva-
lence of snoring was identified among of the children who
had mild symptoms of ADHD. Thus, sleep-disordered
breathing is associated with mild ADHD-like behaviors
that can be misdiagnosed as ADHD and potentially delay
diagnosis and appropriate treatment (31).

Clinical signs of sleep-disordered breathing include in-
creased respiratory efforts with nasal flaring, suprasternal or
intercostal retractions, abnormal paradoxical inward mo-
tion of the chest during inspiration, along with sweating
during sleep. Sweating may be limited to only the nuchal re-
gion, particularly in infants; it may be severe enough to ne-
cessitate changing clothes during the night. The parents may
mention the child feeling warm at night or preferring to
sleep without a blanket. Parents may also observe that the
child stops breathing, then gasps for breath. It is surprising
to note how often parents have observed abnormal breath-
ing patterns during sleep but were never questioned about
it by pediatricians during regular visits. Information regard-
ing the sleep position is also helpful. Typically, the neck is
hyperextended and the mouth is open. Another typical
sleeping position is prone with the knee tucked under the
chest with the head turned to the side and hyperextended.
Rarely the child with sleep-disordered breathing prefers to
sleep propped up on several pillows (19).

Ohayon has found that individuals identified with
sleep-disordered breathing have a much higher incidence

of nightmares, with reports of “drowning,” “being buried
alive,” and “choking” (46). Night-terrors may lead to es-
cape behavior and sleepwalking. If sleep fragmentation
induced by the breathing events occurs during slow-wave
sleep, night-terrors and sleepwalking may be triggered
(47). A physical finding that may be overlooked in a child
with sleep-disordered breathing is a narrow and high
arched palate (19). Interestingly, the DSM-IV’s description
of ADHD mentions that minor physical anomalies such
as high arched palates may be present (48). The possibil-
ity of a sleep disorder being present should be considered
in any child being evaluated for ADHD. This is particu-
larly important because treatment of sleep-disordered
breathing may improve behavior and academic perfor-
mance (49, 50).

The diagnostic criteria used for adults with obstructive
sleep apnea syndrome cannot be used reliably in children
(51–53). The diagnosis of sleep-disordered breathing is
based on the history, physical findings, and supportive
data. Laboratory testing should be, ideally, tailored to the
clinical question. For example, if there are concerns about
excessive daytime sleepiness, a multiple sleep latency test
(MSLT) may be indicated (54). The MSLT is ideally per-
formed in subjects who are at least 8 years old. The
polysomnogram in a child uses the same technology and
the same type of information as in adults. Airflow, respira-
tory effort, and pulse oximetry are the breathing measure-
ments usually monitored. The respiratory effort is mea-
sured most accurately in a clinical sleep study using
esophageal pressure measurements with a water-filled
catheter.

Esophageal pressure measurements are not yet part of the
routine polysomnogram in most sleep laboratories. An
alternative measurement can be obtained using end-tidal
CO2 monitoring, which can detect important transient
episodes of hypercarbia. A more recent technique to mea-
sure air flow using a nasal cannula has been introduced. This
technique has been replacing nasal thermistors and is less
invasive than esophageal manometry (55–58).

In addition to the absence of controlled studies of sleep-
disordered breathing in the pediatric age group, there is
also a lack of consensus in the definitional criteria. In
adults, obstructive sleep apneas are defined as lasting at
least 10 seconds. However, because children have faster res-
piratory rates, the duration is less for clinically significant
apneas. Apneas as brief as 3 or 4 seconds may result in oxy-
gen desaturation. There is also no uniform measure of hy-
popneas in children. The clinician needs to know how ap-
neas and hypopneas are defined and scored when
interpreting a polysomnogram report.

The upper airway resistance syndrome is present in indi-
viduals with symptoms of sleep-disordered breathing, who
on the polysomnogram have evidence of sleep disruption
associated with increased work of breathing, without a sig-
nificant degree of apneas or hypopneas. In children, the
work of breathing can be measured by recording
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esophageal pressure. Calibration is conducted by measur-
ing esophageal pressure while the child is awake. The base-
line pressure usually ranges from �10 to �5 cm of water. A
repetitive breathing pattern can be identified with increas-
ingly more negative esophageal pressure culminating in a
brief arousal (59, 60). Controversy exists over whether a di-
agnosis of obstructive sleep apnea, or the larger spectrum of
sleep-disordered breathing, should routinely be made
without a formal polysomnogram. While some have sug-
gested that this diagnosis can be made in patients using ei-
ther the history and physical, or the history, physical, and
an audio or videotape, others have found that the clinical
history alone does not distinguish primary snoring from
obstructive sleep apnea syndrome in children (61). The sit-
uation is further complicated by the description of upper
airway resistance syndrome in children, which may have
been missed in the studies cited previously. Therefore, a
sleep study is the most definitive test for sleep-disordered
breathing (62, 63). Currently, some otolaryngologists who
treat children with sleep-disordered breathing may make
the surgical recommendation based on clinical findings of
airway obstruction, sometimes reviewing an audio or
videotape (64, 65). Clinicians must be aware of the poten-
tial pitfalls of this practice. Certainly, there are individual
cases in which a diagnostic sleep study is not available, but
ideally, this should be the exception. The challenge we face
in sleep medicine is providing easily accessible and cost-ef-
fective care working within a multidisciplinary model. We
do not know, for certain, how accurate clinical diagnosis is
without objective testing. Until we have a better answer, the
diagnostic gold standard should not be disregarded partic-
ularly in a tertiary care setting. The American Thoracic So-
ciety and American Academy of Sleep Medicine and the
American Academy of Pediatrics all support the use of sleep
studies (66, 67).

Sleep-disordered breathing is not the only sleep disor-
der a child may have. Clinical impression may have both
false-negative and false-positive results, leading to possi-
ble misdiagnosis or unnecessary surgery. For example,
without confirmatory testing, a child with only “simple
snoring” and symptomatic periodic limb movements will
inevitably be misdiagnosed with sleep-disordered breath-
ing and may have unnecessary surgery. Periodic limb
movements of sleep and restless leg syndrome may not be
rare in children (68). However, the history may be vague
or hard to elicit.

Sleep-disordered breathing may occur more frequently
in special populations. Any condition or syndrome associ-
ated with craniofacial anomalies may be associated with
sleep-disordered breathing. Pierre-Robin, Apert’s, and
Crouzon’s are among these syndromes. Approximately half
of all children with Down syndrome have sleep-disordered
breathing (69). Symptoms of daytime sleepiness and sleep
disruptions at night may be due to nonneurological factors
such as maxillofacial abnormalities, large tonsils or ade-
noids, hypognathus, large tongues, or other abnormalities.

Such factors often lead to sleep fragmentation and daytime
sleepiness. Sleep disorders often occur in patients with neu-
romuscular disorder associated with weakness in respira-
tory muscles, which is further exacerbated by hypotonia
during sleep. In disorders such as Duchenne’s muscular
dystrophy, daytime pulmonary function studies do not
predict the severity of apneic events during sleep. These pa-
tients can have nocturnal oxygen desaturation, significant
sleep fragmentation, recurrent hypoventilation, and re-
duced REM sleep, and are also at risk for aspiration during
sleep. Diagnosis and treatment of sleep-disordered breath-
ing in these patients can be an important part of compre-
hensive management.

There are four treatment options for sleep-disordered
breathing in adults. These treatments may be combined.
The most common treatment is continuous positive air-
way pressure (CPAP) to help splint open the upper air-
way. When CPAP is used correctly, snoring should be ab-
sent during sleep. There are several surgical options with a
wide range of success. In adults, oral appliances that help
re-position the mandible have improved breathing during
sleep in selected patients. As a conservative measure,
adults with sleep-disordered breathing are advised to
sleep off their backs, lose weight, and avoid alcohol be-
fore sleeping.

In children, adenotonsillectomy is the most common
initial treatment for sleep-disordered breathing; however
it does not always cure the sleep disorder. The true cure
rate of adenotonsillectomy for sleep-disordered breathing
is unknown (70-71). Suen and colleagues designed a
prospective study of 69 children, age 1 to 14 years, who
were referred to an otolaryngologist. Thirty-five (51%)
had a repiratory disturbance index greater than 5 on
polysomnography. Of these, 30 underwent adenoton-
sillectomy and 26 of these children then had follow-up
polysomnography. Although all 26 children had a lower
respiratory disturbance index after surgery, four still had an
index greater than 5. Using a respiratory disturbance index
cut-off of 5, the cure rate of the surgery would be 85%.
However, three children with a post-operative respiratory
disturbance index less than 5 continued to snore. If these
children were considered to have residual sleep-disordered
breathing, then the cure rate of surgery would only be 73%.
All patients improved with adenotonsillectomy but the
true cure rate was not clear. The possibility of residual
sleep-disordered breathing should always be considered af-
ter surgery if the child is symptomatic. Suen and associates
concluded history and physical findings were not useful in
predicting outcome (72). Different surgical techniques may
improve the success of surgery in these children (73).

Some may argue that in clear-cut cases of sleep disor-
dered breathing the sleep study may be skipped. However,
the adult experience teaches us that it is precisely these
obviously more severe or “clear-cut” cases that will have
residual disease. Adenotonsillectomy will not change the
relationship of tongue size and shape to the palate. The
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parents may report that the child is “100 % better”; how-
ever, these children can still have residual obstruction. If
the child still has trouble paying attention in school, a
sleep problem may be overlooked and no longer be
considered a possibility. The child may end up labeled as
having attention deficit disorder because there was no
postoperative sleep test done (74).

If surgery is not a option for the child, then CPAP ther-
apy should be considered (75–77). CPAP uses a small air
compressor attached to a mask via a hose. The mask usually
only covers the nose but masks are available that cover the
nose and mouth. By forcing positive pressure into the air-
way, the negative pressure of inspiration can be countered
to avoid airway narrowing or collapse. CPAP is effective but
can be cumbersome to use. Over time, the CPAP devices
have become smaller and quieter. The masks have also im-
proved with many more styles and sizes available. Despite
these advances, it remains a second choice over surgery in
most children, because of the advantage of the surgical
option. The main drawbacks of using CPAP are related to
getting a properly fitting CPAP mask. If the mask is not
fitted correctly, the air pressure may not be maintained
causing discomfort and disrupting sleep. If the mask is on
too tight, it can cause facial abrasions or bruising. In small
children, the possibility of sleeping with the CPAP mask in-
terfering with growth of the maxilla should be considered.
As the child grows, the CPAP may require adjustments both
in terms of mask size and the amount of pressure delivered
to the airway. In addition to a continuous pressure delivery
mode, a bi-level mode is available. In this mode, the pres-
sure on expiration is lower than the inspiratory pressure.
This may allow the device to be more comfortable and may
be preferred in patients with neuromuscular weakness. The
most recent advance in positive airway pressure has been
the development of machines that can adjust the pressure
required to keep the airway open on a breath-by-breath ba-
sis. These so-called “smart CPAP” units are promising but
are not part of the mainstream treatment of children at this
time (75,78).

In summary, it is important for clinicians to be aware
that sleep-disordered breathing and snoring are not nor-
mal. Difficulty breathing while asleep may impact the day-
time behavior of children. Sleep-disordered breathing is
readily treatable.

Narcolepsy

Narcolepsy is a chronic neurological disorder in which the
boundaries between the awake, sleeping, and dreaming
brain are blurred. The awake narcoleptic will feel sleepy.
The sleeping narcoleptic will have disturbed sleep due to
arousals. Historically, the word “narcolepsy” was first
coined by Gélineau in 1880 to designate a pathological
condition characterized by irresistible episodes of sleep of
short duration recurring at close intervals. In the same arti-
cle, he noted that the attacks were sometimes accompanied

by falls or “astasias.” The cardinal features of narcolepsy are
daytime somnolence, cataplexy, sleep paralysis, and hypn-
agogic hallucinations (79). These symptoms were called
the “tetrad” of narcolepsy by Yoss and Daly (80,81). The
abnormal sleep onset REM sleep periods in narcolepsy
were described by Rechtschaffen et al. (82). Since 1975,
narcolepsy has been described as a “pentade” of symptoms
due to prominent sleep fragmentation in several patients
(83).

Narcolepsy is a rare condition; the prevalence of nar-
colepsy has been calculated at about 1 per 2,000 of the
general population (84). Age at onset varies from early
childhood to the fifth decade, with a peak in the second
decade. It is important to consider narcolepsy, especially in
young patients, because it can take up to 20 years between
the apperance of the first symptom, commonly sleepiness,
and the emergence of the full clinical syndrome. During
this time, the patient may be mislabeled with a variety of
diagnoses. The patient may be considered lazy or de-
pressed. Before being correctly diagnosed, the patient may
turn to illegal drugs, such as “crank” amphetamine, to com-
bat the sleepiness.

Clinical Presentation
Narcolepsy is characterized by abnormal sleep, including
excessive daytime sleepiness with often-disturbed noctur-
nal sleep later in life and pathological manifestations
related to REM sleep. REM sleep-related abnormalities in-
clude early REM sleep onset and cataplexy (79).

Cataplexy is an abrupt and reversible decrease or loss of
muscle tone, most frequently provoked by emotion, partic-
ularly laughter. Consciousness typically remains intact. It
may involve only certain muscles or the entire voluntary
musculature. Most typically, the jaw sags, the head falls for-
ward, the arms drop to the side, and the knees buckle. The
severity and extent of cataplectic attacks can range from a
state of absolute powerlessness, which seems to involve the
entire body, to no more than a fleeting sensation of weak-
ness. Severe cataleptic attacks can involve a complete loss of
muscle tone, resulting in a fall with risk of serious injuries,
including skull and other bone fractures, but can consist
only of a slight buckling of the knees. Patients may perceive
this abrupt and short-lasting weakness and may simply sit
or stand against a wall. The attacks may be so subtle as not
to be noticed by an observer. Although the extraocular
muscles are supposedly not involved, the patient may com-
plain of blurred vision. Speech may be slurred owing to
intermittent weakness affecting the arytenoid muscles. Res-
piration may become irregular during an attack, which may
be related to weakness of the abdominal muscles.

As seen during nocturnal REM sleep, the abrupt muscle
inhibition is interrupted by sudden bursts of returning
muscle tone, which at times even seems enhanced. If the
weakness involves only the jaw or speech, the subject may
present with wide masticatory movement or odd attacks
of stuttering. If it involves the upper limbs, the patient
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will complain of “clumsiness,” and may describe drop-
ping cups or plates or spilling liquids when surprised or
laughing. These attacks are short and do not resemble the
“classic” full-blown attack of cataplexy; that is, with a
complete fall. In early childhood, cataplexy attacks are
more often the complete fall type. The child may present
with repetitive falls that cannot be easily explained. Atonic
seizures or drop attacks are the most common initial mis-
diagnosis for children less than 5 years old (85). The du-
ration of each cataplectic attack, partial or total, is highly
variable. They usually range from a few seconds to 2 min-
utes and rarely up to 30 minutes. Attacks can be elicited
by emotion, stress, fatigue, or heavy meals. Laughter and
anger seem to be the most common triggers, but the at-
tacks can also be induced by a feeling of elation while lis-
tening to music, reading a book, or watching a movie.
Cataplexy may be induced merely by remembering a
funny situation, and this may also occur without obvious
precipitating acts or emotions. In children, it often occurs
while playing with others.

A pathway similar to the one leading to REM atonia is
used in cataplexy (86–89). Cataplexy is associated with
inhibition of monosynaptic H-reflexes and multi-synaptic
tendon reflexes. H-reflex activity is fully suppressed phys-
iologically during REM sleep, emphasizing the relation-
ship between the motor inhibition of REM sleep and the
sudden atonia and areflexia seen during a cataplectic
attack.

Apart from overwhelming sleepiness, patients may feel
abnormally drowsy. They may spend the day at a low level
of alertness resulting in poor performance at school, mem-
ory lapses, and even gestural, or speech automatisms. This
low alertness may persist despite the use of stimulant
medication.

Daytime sleepiness may not be obvious to parents in
very young children and may be missed before kinder-
garten. Sleepy behavior is more often recognized by teach-
ers who may complain of apathy in the child while the
parents may misinterpret the behavior as normal napping.
Prolonged nocturnal sleep, difficulty waking up in the
morning, and aggressiveness before being awakened are
commonly seen. However, sleepiness can be hidden be-
hind other abnormal behavior such as hyperactivity, or so-
cial withdrawal and shyness (89).

Sleep paralysis can be a terrifying experience that occurs
when the narcoleptic falls asleep or wakes up (90). Chil-
dren find themselves suddenly unable to move their limbs,
to speak, or even to breathe deeply. This state can be fre-
quently accompanied by hallucinations. During episodes
of sleep paralysis, particularly the first occurrence, the pa-
tient may experience extreme anxiety and fear of dying.
This anxiety is often greatly intensified by the hallucina-
tions, sometimes terrifying, that may accompany the sleep
paralysis. Children are often reluctant to talk about these
events. These experiences are so frightening that the child
may resist going to bed to sleep.

Visual hypnagogic hallucinations usually consist of sim-
ple forms (colored circles, parts of objects, and so forth)
that are constant or changing in size. The image of an ani-
mal or a person may present itself abruptly, in black and
white but more often in color. Auditory hallucinations are
also common. The auditory hallucinations can range from
simple sounds to an elaborate melody. The patient may
also be menaced by threatening sentences or harsh invec-
tives. Hypnagogic hallucinations and sleep paralysis do not
affect all subjects and can be transitory (91). Disturbed
nocturnal sleep seldom occurs early in the course of the
disorder and generally worsens during adulthood.

Diagnosis
Unless cataplexy is unequivocally witnessed by the exam-
iner, an objective sleep study will be necessary to obtain an
accurate diagnosis of narcolepsy. Unfortunately in children
younger than 8 years of age, no objective test has been de-
veloped to confirm the diagnosis. In these younger chil-
dren the diagnosis is made by a process of elimination
when there is an otherwise clear history. Clinical EEG and
MRI studies are normal. A key finding in this age group is
the absence of another sleep disorder such as periodic limb
movement disorder as demonstrated on a complete
overnight polysomnogram. The polysomnogram should
be normal with the possible exception of a short REM sleep
latency. Polysomnogram monitoring should include either
a nasal cannula or esophageal pressure (PES) in order not
to miss a more subtle condition such as upper airway resis-
tance syndrome (30).

In children 8 years or older, objective testing is available
to diagnose narcolepsy. After completing a full nocturnal
polysomnogram, a multiple sleep latency test (MSLT) is
necessary (92). The MSLT was designed to measure physio-
logical sleep tendencies in the absence of alerting factors.
The time or latency between lights-out time and sleep on-
set is calculated for each nap. The type of sleep, REM or
nonREM, is also noted. After each nap, the patient must
stay awake until the following scheduled nap. The MSLT
records the sleep latency for each nap, the mean sleep la-
tency, and the presence or absence of REM sleep in any of
the naps. REM sleep that occurs within 15 minutes of sleep
onset is considered a sleep onset REM period.

In normal populations, MSLT scores vary with age,
puberty being the critical landmark, with prepubertal
children between the ages of 8 and 11 years appearing rel-
atively hyperalert. The maximum mean MSLT score ob-
tainable is 20 minutes, which corresponds to a subject
staying awake during all naps. Mean MSLT scores under 8
minutes are generally considered to be in the pathological
sleepiness range; those over 10 minutes are considered
normal in adults. Before puberty, as mentioned above,
children are very alert in the daytime and the normal
adult MSLT cut off value of 10 minutes may be too low.
Even a 12-minute latency in a prepubertal child may be
abnormal. In children undergoing an MSLT, the presence
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of two or more sleep-onset REM periods is always abnor-
mal and consistent with narcolepsy.

Histocompatibility leukocyte antigen (HLA) typing had
been recommended as a test for narcolepsy when it was
found to have an association with the DR-2 marker in
Japan. However, this marker is neither sufficient nor neces-
sary for the diagnosis because it is present in 10 to 15% of
the general population. Determination of HLA haplotypes
in children suspected of having narcolepsy is usually not
helpful in making the diagnosis (79).

An animal model for narcolepsy has been studied using
dogs. Recently, using positional cloning, an autosomal re-
cessive mutation responsible for narcolepsy was discovered
in this canine model (92, 93). Canine narcolepsy is caused
by disruption of the hypocretin (orexin) receptor 2 gene
(Hcrtr2). Hypocretins appear to be major sleep-modulating
neurotransmitters (93,94). Absence of hypocretins is now
thought to be critical in the pathophysiology of most hu-
man narcoleptics. In the canine model, the receptor is lack-
ing, but in humans, the actual neurotransmitter is usually
lacking. The possibility that an autoimmune mechanism is
damaging the hypocretin-producing cells in the lateral hy-
pothalamus has been raised (95). Hypocretin can be
measured in cerebrospinal fluid. This research tool is useful
in diagnostic situations when the diagnosis is uncertain
(96, 97). The absence of hypocretin in cerebrospinal fluid
is diagnostic of narcolepsy; however this assay is not widely
available. A blood serum equivalent test is not yet avail-
able. Future treatment of narcoleptic humans may involve
hypocretin analogs.

Treatment Strategies
Successful treatment for narcolepsy includes both behav-
ioral and pharmacological treatments. The situation is
analogous to juvenile diabetes mellitus where a combina-
tion of diet with medication can control the condition.
With the recent discovery of a gene responsible for nar-
colepsy, novel potential therapeutic approaches may be
discovered.

Treatment strategies must include conservative behav-
ioral treatment such as short naps, emotional support to
parents and child, and education of school authorities.
Repetitive 15- to 20-minute naps at 3-hour intervals are
helpful in restoring alertness. Behavioral and emotional
disturbances are reported in adolescents with narcolepsy
(98). Subjects and families should be referred to narcolepsy
support groups led by a therapist who can address issues
created by this chronic condition.

Narcolepsy is a lifelong illness, and drug therapy must
take this into account when considering possible side ef-
fects, because patients will have to take medication for
years. Tolerance or addiction may occur with some drugs,
and it is importance to balance medication side effects with
maintenance of an active life. Hypertension, abnormal
liver function, depression, irritability, anorexia, insomnia,
or psychosis are associated with some medications (79).

No double-blind placebo controlled trials of medica-
tion have been specifically conducted for children with
narcolepsy. Central nervous system stimulants have been
the drugs most widely used (99). Amphetamines were
first proposed in 1935. The alerting effect of a single
oral dose of amphetamine is at its maximum 2 to 4 hours
after administration, and many patients require a single
or twice-daily dose. However, a number of side effects,
including irritability, anxiety, nervousness, headache, psy-
chosis, tachycardia, hypertension, nocturnal sleep distur-
bances, tolerance and drug dependence, may arise. The
use of methylphenidate was later encouraged because of a
shorter half-life and lower incidence of similar side ef-
fects. Pemoline, an oxazolidine derivative with a longer
half-life and a slower onset of action, is less efficient but
well tolerated. Pemoline, previously the first stimulant
used in children, should now be discouraged because of
the possibility of severe liver damage. The manufacturer
has recommended that baseline liver function tests be
obtained before starting pemoline and every 2 weeks
thereafter.

There are two drugs with different mode of action that
have changed our first-line treatment for narcolepsy. The
first one, modafinil, is considered more as a “somnolytic”
than a non-specific stimulant. The drug, which has been ap-
proved in the United States, has been reported to bring sub-
stantial improvement in adults (100). The mechanism of
action of modafinil is not entirely clear but it is not
dopamine mediated in the same way amphetamines are
thought to work (101). The neuronal targets for modafinil
in the brain include nuclei of the hypothalamus and amyg-
dala. Modafinil should be considered the initial pharmaco-
logical agent used to treat the excessive daytime sleepiness
of narcolepsy in children (100). Modafinil does not have
the typical side effects of amphetamine. Headaches are the
most common side effect of modafinil and may be avoided
or minimized by gradually increasing the dose (100). The
initial dose should be relatively low, 50 to 100 mg, to avoid
headaches. The dosage can later be increased to 200 to 400
mg/day divided twice daily. The second dose should ideally
be given before 2 PM because of the long half-life.

The second drug is gamma-hydroxybutyrate (GHB),
which, after much difficulty was approved for use in the
United States by the FDA in July 2002 (101–103). It is the
first substance ever approved specifically for cataplexy. The
generic name is sodium oxybate (Xyrem). In the media, it
has the infamous name of the “date rape drug” (93). Ille-
gal use of this substance for recreational purposes has been
of great concern. Important CNS adverse events associated
with abuse of sodium oxybate include seizure, respiratory
depression, and profound decreases in level of conscious-
ness, with instances of coma and death. When used out-
side of clinical trials, for recreational purposes, the cir-
cumstances surrounding these adverse events are often
unclear (e.g., dose of sodium oxybate taken, the nature and
amount of alcohol or any concomitant drugs ingested).
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Sodium oxybate has powerful CNS depressant effects
and can increase slow-wave sleep (103). When given at
bedtime, this medication may reduce cataplexy (101). Pa-
tients may prefer this medication over other medications
used for cataplexy, particularly if insomnia is also present.
Sodium oxybate is rapidly but incompletely absorbed after
oral administration; absorption is delayed and decreased
by a high fat meal. It is eliminated mainly by metabolism
with a half-life of 0.5 to 1 hour. Pharmacokinetics are non-
linear with blood levels increasing 3.7-fold as the dose is
doubled from 4.5 to 9 g. The pharmacokinetics are not al-
tered with repeat dosing. Sodium oxybate should be taken
at bedtime while in bed and again 2.5 to 4 hours later. The
recommended starting dose in adults is 4.5 g/day divided
into two equal doses of 2.25 g. The starting dosage can then
be increased to a maximum of 9 g/day in increments of 1.5
g/day (0.75 g per dose). Two weeks are recommended be-
tween dosage increases to evaluate clinical response and
minimize adverse effects. Sodium oxybate is effective at
doses of 6 to 9 g/day. The efficacy and safety of sodium oxy-
bate at doses higher than 9 g/day has not been investigated,
and doses greater than 9 g/day should not ordinarily be ad-
ministered. The product’s package insert does not recom-
mend using the medication in patients younger than age 16
years and dosing guidelines for patients younger than 16
years old have not been established (104). Ironically, un-
like most other medications discussed in this text, sodium
oxybate is sold as a liquid, thus making it possible to treat
young children if clinically indicated.

Cataplexy seems to respond best to medications with
noradrenergic reuptake blocking properties (105). There
are no systematic trials of anticataplexy drugs on children.
Postpubertal teenagers are usually treated as young adults.
In this group, two medications have been more commonly
used, clomipramine and fluoxetine. Both of these drugs
have active noradrenergic reuptake blocking metabolites
(desmethylclomipramine and norfluoxetine). It is through
these metabolites that the therapeutic effect may be medi-
ated (106). Other compounds have been found to be effec-
tive in children with cataplexy, particularly imipramine
and desipramine. The anticholinergic side effects of
clomipramine and imipramine may be problematic. Treat-
ment with fluoxetine or viloxazine may avoid these side
effects (100).

Restless Legs Syndrome/Periodic Limb
Movements of Sleep

Restless legs syndrome (RLS) is a chronic autosomal dom-
inant neurological disorder (107, 108). It is characterized
by leg discomfort, most common in the evening, that
makes the patients want to move their legs. Discomfort is
relieved with movement. The sensation may also be pre-
sent when the patient is sitting still, such as seated on an
airplane or in a movie theater. The leg discomfort may be
hard to describe and in children may be characterized as

“growing pains.” In patients with restless legs syndrome,
sleep may be disrupted by hundreds of involuntary kicking
movements of the legs during sleep, called periodic limb
movements of sleep (PLMS). The movement in the leg is the
extension of the big toe, while at the same time the ankle,
knee, and sometimes the hip are partly flexed. These repet-
itive episodes of muscle contraction last from half a second
to 5 seconds with an interval of about 20 to 40 seconds,
and may occur in the absence of RLS (108).

The diagnosis of periodic leg movements of sleep re-
quires an overnight sleep study, which demonstrates a
PLMS index of over five episodes per hour. Restless legs syn-
drome/periodic limb movements of sleep can result in sig-
nificant daytime drowsiness as a result of poor sleep qual-
ity, which may lead to daytime behavior that mimics ADHD
(109–112). PLMS has also been described in children. How-
ever, the clinical presentation differs from that of adults
with PLMS. Chervin reported an even higher prevalence rate
in a small referred population of children (26%), half of
whom also had evidence of sleep-disordered breathing
(115). Picchietti and associates reported a retrospective re-
view of 129 children and adolescents who were found to
have PLMS in excess of five per hour (115). Sixty-five (50%)
had PLMS in the 5 to 10 per hour range, 48 (37%) in the 10
to 25 per hour range, and 16 (12%) had periodic limb
movements exceeding 25 per hour. Of the original 129 chil-
dren, 117 (91%) had been previously diagnosed as having
ADHD. Stimulant medication did not seem to play a role in
the production of PLMS. In only 25 of the 129 cases did par-
ents note the presence of PLMS of sleep before being specif-
ically asked to look, and in some case, the leg movements of
sleep were initially misdiagnosed as seizures. Daytime
symptoms improved with dopaminergic medications.
Other studies have been confirmed these associations be-
tween PLMS and ADHD (112, 113). Children with RLS may
present with nonspecific symptom such as growing pains,
restless sleep, insomnia, and daytime sleepiness, but most
often these issues go unnoticed by their parents. A family
history of RLS or PLMS is common (114–117).

A dysregulation of iron metabolism may play a role in the
pathophysiology of RLS. Iron is a cofactor in the production
of dopamine. Allen reported that decreases in iron concen-
tration in nigrostriatal areas correlated with the severity of
RLS (118). Other investigators reported that in individuals
with RLS, transferrin receptor expression in neuromelanin
cells of the substantia nigra was decreased, suggesting that
RLS may result from a defect in iron regulatory protein (119).

Nondrug treatments may temporarily help counteract
the sensations of RLS. Patients may find that walking,
stretching, taking a hot or cold bath, massaging the affected
limb, applying hot or cold packs, using vibration, perform-
ing acupressure, and practicing relaxation techniques (such
as biofeedback, meditation, or yoga) may help reduce or re-
lieve the symptoms. In addition some find that keeping
their mind actively engaged through activities such as read-
ing an interesting novel, or playing video games helps
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during times that they must be stay seated, such as when
traveling.

Dopamine precursors and agonists have been effective in
relieving both RLS and PLMS (120). They have been en-
dorsed by the American Academy of Sleep Medicine how-
ever specific guidelines for children were not reviewed (121).

Levodopa (L-DOPA), the metabolic precursor of
dopamine, is used for treating Parkinson’s disease. It is also
used to treat RLS/PLMS in both adults and children (122).
Levodopa in itself is largely inert. Its therapeutic as well as
adverse effects result from the decarboxylation of levodopa
to dopamine in the brain (123). Levodopa is almost always
administered in combination with a peripherally acting
inhibitor of aromatic L-amino acid decarboxylase such as
carbidopa. If levodopa is administered alone, the drug is
largely decarboxylated by enzymes in the intestinal mucosa
and other peripheral sites so that relatively little un-
changed drug reaches the cerebral circulation. In addition,
dopamine released into the circulation by peripheral
conversion of levodopa produces undesirable effects par-
ticularly nausea. Inhibition of peripheral decarboxylase
markedly increases the fraction of administered levodopa
that remains unmetabolized and available to cross the
blood-brain barrier and reduces the incidence of gastroin-
testinal side effects such as nausea (123). The main
complication of levodopa therapy for RLS/PLMS is the de-
velopment of worsening symptoms during the afternoon
or early evening, despite adequate control later at night.
This phenomenon which has been termed “restless legs
augmentation,” may occur frequently, sometimes within
months after therapy has been instituted. Once augmenta-
tion has occurred, levodopa therapy should be discontin-
ued and, if possible, a different agent should be used.
Administering additional doses of levodopa earlier during
the day usually results in further exacerbation of the aug-
mentation phenomenon. (124, 125). In addition to motor
fluctuations and nausea, other adverse effects observed
with levodopa therapy include hallucinations, confusion,
and orthostatic hypotension.

These other side effects are more typically seen in adult
patients with Parkinson’s disease using higher dosages than
are used in the treatment of PLMS and RLS. In children,
nausea is by far the most common side effect. Sensitivity to
side effects makes it necessary to initiate therapy at very low
doses (one half of a 25/100 levodopa/carbidopa tablet
daily) and increase as tolerated every few days. The thera-
peutic dose for relief of PLMS and RLS symptoms will be
lower than that used in Parkinson’s disease. The maximal
dose is determined by side effects but most adolescents re-
quire at least 75 mg carbidopa and up to 1.5 g of L-
DOPA.(126). Levodopa is valuable in the treatment of
RLS/PLMS, but the mode of action of the drug is unknown.
It seems likely that dopaminergic pathways are involved.
Walters and Hening have suggested that the site of action is
the postsynaptic dopamine receptor, whereas Guillem-
inault et al. propose a spinal dopaminergic mechanism as

the site of action (128). There may be differences in the
mechanism of action of these medications between pa-
tients with RLS and those with only PLMS.

Based on the hypothesis that there is a disturbance of
iron regulation in the pathophysiology of idiopathic RLS, a
trial of iron supplementation was found to result in im-
provement in these patients (128–132). Some of the most
important findings are that children with PLMS have rela-
tively low serum iron and ferritin levels. In addition, most
of these patients will respond favorably to a 3-month course
of oral iron therapy, as evidenced by a decrease in PLMS in-
dex and an improvement in clinical symptoms (133).

Selective dopamine agonists are potent treatments for
PLMS and RLS. They tend to have fewer side effects than
carbidopa/levodopa. Pramipexole, ropinirole, and per-
golide are the most commonly used medications in this cat-
egory (134). Selective dopaminergic agonists have similar
side effects to carbidopa/levodopa but at a lower frequency.
These agents are more potent and allow for lower dosages
than with carbidopa/levodopa. Of these agents, pramipex-
ole has been particularly effective in our experience.

Montplasir and colleagues have found pramipexole to
be effective in a double-blind placebo-controlled study in
adults (135). The starting dose in adults in this study was
0.375 mg. In children, the lowest dose available is an em-
pirical starting dose. Pramipexole is available in a 0.125-mg
scored tablet, which can be halved if an even lower starting
dosage is desired. It is important to make medication
changes slowly because the symptoms of PLMS and RLS
both seem to fluctuate independently of the medication. In
addition, if the dosage is too high, significant side effects
may occur. We advise parents to only adjust the medication
once a week at most when they first start the medication.
Once an effective dose is found it does not typically have to
be adjusted except to allow for the child’s growth. In adults,
the dosage of pramipexole for restless legs syndrome usu-
ally does not exceed 1.5 mg, and is often effective at a much
lower dose.

Childhood Insomnia

Insomnia in adults is defined as the subjective complaint of
nonrestorative sleep associated with difficulty initiating
and or maintaining sleep (107). The nonrestorative sleep
of insomnia requires a perception of impaired awake func-
tion as result of the sleep difficulty. In children, the parents’
perception of impairment is just as important as the child’s.
If an infant does not sleep well at night, the infant may
compensate with more naps.

Insomnia characteristics fluctuate with age. With infants,
the problem usually involves trouble  settling to sleep with-
out the parents’ assistance. In toddlers, the problem may
also involve inconsistent limit setting with regard to bed-
time expectations. By the time children are 8 or 9 years old,
they seem to have fewer problems with insomnia. When
problems with sleep are present at this age, there may be
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some unresolved fear of being alone at night. This might be
expressed as a “fear of the dark.” This fear may not be ini-
tially volunteered during the clinical interview but a de-
scription of the sleep routine and environment may reveal
a need for nightlights or hallway lights to be left on at night.
Adolescents have a characteristic insomnia pattern called
delayed sleep phase syndrome (DSPS) (107). DSPS will be
discussed subsequently. All of these insomnia types may
merge in different ways in a given individual. In addition,
with clinical heterogeneity, there are children who are de-
scribed as being lifelong poor sleepers without any apparent
cause. This condition is referred to, for lack of a better term,
as idiopathic insomnia, and fortunately is rare (107).

Sleep-Onset Association Disorder and 
Limit-Setting Sleep Disorder
These two disorders are related to the inconsistent enforce-
ment of bedtime routines. In normal infants, brief awaken-
ings throughout the night are common. The child and the
parent are unaware of most of these, and unbeknownst to
the parents, the child may simply drift back to sleep. It is
only when these awakenings become associated with exter-
nal events that a problem arises. If a brief awakening is fol-
lowed by a full arousal in an active, alert child, and the
child is unable to fall asleep, the child may simply become
agitated. The child can return to sleep after being comforted
by the caregiver.

Sleep-onset association problems seem to be common.
Although the need for sleep has a biological basis, the way
we sleep is learned and influenced by the cultural environ-
ment. This is analogous to eating. All newborns first drink
milk, but the diet of older children is different throughout
the world. The child will learn or form associations with re-
gard to sleep. As the child is readied for bed, the child may
associate sleep onset with particular events, and may asso-
ciate this process with increased attention and activity
rather than getting ready for bed. If continued, the child
may then develop an association with parental activity that
requires continuous parental involvement to fall asleep.
The awakenings in the middle of night often necessitate
similar actions. What initially were brief awakenings may
develop into lengthy struggles. What wakes up the child
may not be what is keeping the child awake. Now the
parental actions became the focus of the problem. If re-
turning the child to sleep requires frequent parental assis-
tance, the parents’ sleep may be very disturbed. The entire
family may start to dread the nighttime instead of looking
forward to going to sleep. The nighttime routines are no
longer pleasurable but become a source of frustration. A vi-
cious cycle may form, which is exacerbated by middle-of-
the night awakenings. Parents may report that the infant
wakes up crying every hour. The normal sleep cycle length
in an infant is approximately 1 hour and is followed by a
brief arousal before initiating the next sleep cycle. There-
fore, when a parent complains of hourly awakenings with
prompt return to sleep with the parents’ intervention, the

possibility of a sleep-onset association disorder should be
considered.

Limit-setting sleep disorder is term used to describe
stalling behaviors or refusal to go to bed at the desired
time associated with inadequate limit-setting for a child’s
behaviors. This sleep disorder is usually seen in a child
who is sleeping apart from the parents and is old enough
to get out of bed or climb out of the crib, go to the parents’
bedroom and disrupt their sleep. Usually there is no
enforcement of consistent bedtime rules. The same be-
haviors may occur after nighttime awakenings. When the
child does sleep, it is usually of normal quality and dura-
tion. The parents may lack an understanding of the im-
portance of setting limits and inadequate knowledge of
limit-setting techniques. There may be underlying psy-
chosocial factors limiting the parents’ ability to set limits.
The limit-setting difficulties may also be manifest in the
child’s daytime behavior such as tantrums.

These insomnia patterns are of a behavioral nature and
usually do not need to be treated with medication (136).
Antihistamines and clonidine may be tried in some of
these children but there is little evidence to suggest that
these preparations provide anything but short-term seda-
tion (137). In particularly difficult situations, medication
can be used as part of a comprehensive treatment pro-
gram with behavior modification at its core. Behavioral
techniques have been helpful and applied to a variety of
clinical situations (138, 139). The first issue to be ad-
dressed in the evaluation of a behavioral sleep problem in
an infant or small child is, where do the parents want the
child to sleep? The child will typically prefer to sleep with
the parents; the question is what the parents prefer. Many
variations are possible with regard to such sleeping ar-
rangements. The child might sleep in a crib in a separate
room, a crib in the parents’ room, in the same bed with
the parents, or in the same bed or bedroom with another
member of the family. The sleep situation may change
based on multiple factors such as new siblings or the size
of the home. Cultural issues will also play a part in this
situation. Once the parents and caretakers agree, then a
plan to teach the child what to expect can be developed.

Perhaps the best known behavioral approach is that
popularized by Dr. Richard Ferber at Harvard (140). This
approach has not been without some controversy and
the clinician needs to be familiar with it since undoubt-
edly the parents will be. In essence, a “progressive”
approach to helping the child fall asleep and stay asleep
is advocated. After a bedtime routine such as singing,
rocking, or reading a book, the child is put to bed while
still awake. Putting the child in bed awake is thought to
teach the child to go to sleep on his own. Parents are ad-
vised that once the child is in bed, they should leave the
room. If the child cries, wait a while before checking in
on the child. The suggested waiting time should be
based on how comfortable the family is with the situa-
tion and can be charted to help track the progress. When
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the parent returns to the child’s room, the child should be
soothed verbally but the parents should avoid picking up,
rocking, or feeding the child. The time between parental
interventions should be gradually increased. The time
should be predetermined and not shortened during the
night. Ideally within a week, the child will learn to sleep
without the parents’ help.

This method is not desirable or effective for all families.
Alternatives have been published by various authors some
that seem diametrically opposed to the above method
(141–143). A discussion of different approaches and
counter arguments about helping a child sleep at night are
beyond the scope of this chapter. Suffice it to say that par-
ents will typically seek professional help only after they
have tried one or more of the different popular approaches.
The relationship between the parents may suffer due to
frustration and sleep deprivation. Given this situation, a
pragmatic approach that takes into account the individual
situation is appreciated by the family. A judgmental or pa-
tronizing attitude from the health care provider will not be
appreciated.

The parents may need additional direction to be able to
implement firm limits for the child. For example, reassure
the parents they have not abandoned the child if they de-
cide to sleep separately or that they are spoiling the infant
if they decide to share their bed with the infant. If the child
has learned to sleep in the parents’ bed and the parents
want to change this arrangement, they need to realize the
infant has no incentive to change. One approach is for the
parents to start the night sleeping in the child’s room. The
amount of time that the parent spends with the child in bed
could be decreased gradually until the child learns to sleep
alone. These gradual interventions are not meant to be
punitive, and require patience, persistence, and reassurance
for both the parents and the child.

A food allergy may occasionally play a role in a child’s in-
somnia (144, 145). This usually occurs between birth and
about 2 years of age. The insomnia is often initiated by food
allergens causing somatic manifestations after ingestion of
food or formula. Manifestations of an allergy, such as a skin
rash, would be expected to be present. A young child fed for-
mula may become fussy and irritable shortly after being fed.
In a case of cow’s milk allergy, IgE levels may be elevated and
a radioallergosorbent test positive for cow’s milk protein. A
change in formula may be curative and a cow’s milk chal-
lenge would induce the reappearance of insomnia.

Delayed Sleep Phase Syndrome
The sleep patterns of adolescents seem different from those
of other children and adults. This may be due to a combi-
nation of physiological changes and external societal influ-
ences. In the United States, Dr. Mary Carskadon has done
extensive research on adolescent sleep (146–148). The
most common form of insomnia in adolescents may be de-
layed sleep phase. Delayed sleep phase syndrome is a circa-
dian disorder characterized by chronic sleep-onset insom-

nia and an inability to arise at an appropriate time in the
morning. Once the major sleep episode has been initiated,
the individual has the ability to sleep soundly and for a
normal duration (149). When not required to maintain a
strict sleep schedule (e.g., weekends, vacations, and holiday
periods) patients will awaken spontaneously, albeit at a
late morning or early afternoon hour. They will have a nor-
mal nocturnal total sleep time.

Delayed sleep phase syndrome is associated with de-
pression and should be considered when evaluating ado-
lescents with depression (150–152). A study in Japan
attempted to define the psychological features of patients
with delayed sleep phase syndrome (153). They adminis-
tered a series of neuropsychiatric tests including the Min-
nesota Multiphasic Personality Inventory (MMPI) and
Rorschach. Compared to the controls they found that pa-
tients with delayed sleep phase syndrome manifested in-
creased nervousness, depression, and difficulty regulating
emotional displays. They were defensive, introspective,
overly abstract in their thinking, compulsive, and tended to
set high standards for intellectual achievement, despite
questionable cognitive ability, which made them vulnera-
ble to disappointment. However, they were also impulsive,
and sought immediate gratification. The investigators de-
scribed them as neurotic, hypochondriacal, depressed, and
prone to conversion symptomatology. They suggested that
these characteristics might increase social withdrawal, de-
creasing the social cues that might entrain circadian
rhythm. Finally, they concluded the phase shift becomes
more difficult and a vicious circle is constituted.

Patients with delayed sleep phase syndrome describe
themselves as “night owls” and the preference for “evening-
ness” appears to run in families (154, 155). Several genes
have been identified that may play a role in delayed sleep
phase syndrome. Mammalian circadian rhythmicity has
been shown to be regulated at the genetic level by
transcription-translation feedback loops. Key molecular
components are proteins, among which are called Clock,
Timeless, and Period (Per). A single nucleotide polymor-
phism of the human CLOCK gene has been shown to be re-
lated to diurnal preference. Individuals carrying one of the
two CLOCK alleles showed a strong preference for
“eveningness” (154). There are three subtypes of the Per
protein. Researchers in the United Kingdom reported that
the shorter allele of the Per 3 polymorphism was strongly
associated with “eveningness” (75% of the subjects were
homozygous for this polymorphism), whereas the longer
allele was associated with “morningness” (156–159). A dif-
ferent molecular mechanism for delayed sleep phase syn-
drome has been reported by investigators in Japan who
identified a polymorphism in the gene for a rate-limiting
enzyme used in the synthesis of melatonin, arylalkylamine
N-acetyltransferase (155). They suggested this could be a
susceptibility gene for delayed sleep phase syndrome
(156). In general, it may be intrinsically easier for people to
go to sleep later than usual (delay) than to go to sleep
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earlier than usual (advance). People susceptible to delayed
sleep phase syndrome may have more difficulty adjusting
to an earlier sleep time than others (160–162).

Delayed sleep phase syndrome is not difficult to diag-
nosis once the clinical suspicion is raised but obtaining sat-
isfactory response to treatment is more difficult. Attempts
to correct the sleep schedule will be fruitless unless the ado-
lescent is motivated to alter the lifestyle factors that influ-
enced the late bedtime, particularly on weekends (163).
The original treatment for delayed sleep phase was called
chronotherapy by Weitzman (149). Chronotherapy resets
the patient’s sleep cycle by a series of consecutive delayed
adjustments of the bedtime, which are made over several
days. To maintain the readjusted sleep pattern, the patient
is encouraged to keep strictly to the new sleep onset and
wake times. This treatment can be impractical because the
progressive forward bed time shifts will have the child at
one point temporally sleeping in the daytime. The child
must be constantly supervised to avoid falling asleep at the
wrong time. This treatment, although physiologically
sound, has been impractical.

Another treatment technique resets the sleep-wake
rhythm by using bright morning light combined with
evening light restriction to phase-shift the patient’s sleep
time (164–166). The term phototherapy is used for this treat-
ment (163). The essential principals of phototherapy are
that bright light in the morning can phase advance sleep
onset and bright light in the evening can phase delay sleep
onset. Different phototherapy protocols have been used
with various success rates. A pragmatic approach for the in-
dividual patient needs to be developed. Our practice is to
use light intensity 10,000 lux for 30 to 45 minutes within a
few minutes of awakening for several weeks. In addition,
bright lights should be minimized in the last 2 hours before
the expected sleep time. This includes the use of computer
monitors. A practical compromise in adolescents may be to
minimize or restrict watching television or using a com-
puter before bedtime but allow their use promptly after
awakening. This might serve as an incentive for the adoles-
cent to get up on time or early if this time is available for
recreational computer use. Phototherapy should not be
used in patients who are bipolar because it may aggravate
mania (163).

Treatment with melatonin has been described
(151–154). Melatonin is a hormone secreted by the pineal
gland and its primary function seems to be to convey in-
formation about the changing length of the night in the
course of the year. This information is used by photoperi-
odic animals to ensure the correct timing of seasonally vari-
able functions such as reproduction, coat growth, and
probably the duration and organization of sleep. The clini-
cal use of melatonin may be difficult and perhaps its use by
the nonspecialist discouraged. Melatonin has been used to
treat poor sleep in a variety of conditions including As-
perger syndrome (167–169). Melatonin is not regulated as
a pharmaceutical in the United States, but rather is classi-

fied as a food additive (170). This lack of regulation may
make the quality of over-the-counter melatonin highly
variable. The timing of the dose must be individually de-
termined based on the subject’s core body temperature
rhythm. The patient’s motivation to modify their lifestyle is
essential for successful treatment. Adolescents may have a
variety of social and academic reasons to avoid going to
bed at an earlier time. A large difference between the bed-
times and wake-up times from school nights compared to
weekends can reinforce the delayed sleep phase.

Parasomnias
According to the International Classification of Sleep Dis-
orders, parasomnias are clinical disorders that are not ab-
normalities of the processes responsible for sleep and wake
states per se but, rather, are undesirable physical phenom-
ena that occur predominantly during sleep (107). This
nosology describes over 20 different parasomnias, the ma-
jority of which can occur in children. These are divided into
four groups: arousal parasomnias, sleep–wake transition
parasomnias, parasomnias associated with REM sleep, and
other parasomnias.

The arousal parasomnias are more common in children
and include the clinical spectrum of confusional arousals,
sleep terrors, and sleepwalking. These conditions are
thought to arise from impaired arousal from sleep, typi-
cally slow-wave sleep. Since slow-wave sleep (stages 3 and
4) dominates in the first third of the night, the arousal para-
somnias also occur at that time. Anything that increases the
amount of slow-wave sleep, such as recovery from sleep
deprivation, may increase the likelihood of these parasom-
nias occurring in susceptible individuals. If necessary, clon-
azepam may help decrease these arousal parasomnias but
should be avoided in the presence of sleep-disordered
breathing (136).

Confusional arousals may be partial manifestations of
sleep terrors and sleepwalking events. As the name implies,
confusion occurs during and following arousals, usually in
the first third of night. The individual is disoriented, speech
and mentation are slowed, and response to questioning is
confused (107). These behaviors usually last only a few
minutes in children and can be precipitated by forced
awakenings out of slow-wave sleep. The condition is
benign and tends to decrease over time. However, a child
with a tendency to have these events may also be at risk for
sleepwalking, and parents/caretakers should be warned of
this possibility. The events can be minimized by avoiding
situations that can increase slow-wave sleep or sleep
disruption.

Sleep terrors are characterized by a sudden arousal from
slow-wave sleep with a characteristic “blood-curdling”
scream accompanied by intense fear. Pronounced auto-
nomic nervous system discharge may occur with tachycar-
dia and sweating. The child may be described as wide-eyed
with an intense look of fear staring past the parents. The
prevalence of sleep terrors in children is 3% in children and
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decreases with age to about 2% in adults (46). Arousal is
difficult, and if successful, the patient may be confused and
disoriented. The child may try to describe fragments of im-
ages with poor coherence. These images will not have the
rich detail of a nightmare. Waking the child 15 minutes af-
ter they have fallen asleep has been a popular treatment.
Awakening the child at the point that they would be ex-
pected to be entering slow-wave sleep seems somehow to
decrease the tendency for these parasomnias to occur.
When the child returns to sleep, the homeostatic mecha-
nism driving slow-wave sleep may raise the arousal thresh-
old and decrease the likelihood of the recurrence of the
sleep terror. The parents should be warned that the child
with sleep terrors might also sleepwalk.

Sleepwalking is also called somnambulism (107). The
term sleepwalking may be a misnomer, perhaps “sleep
fleeing” would better characterize the dramatic behaviors.
The range of behaviors witnessed may range from simply
sitting up in bed to running out of the home and driving
an automobile. During the sleepwalking episode, pain
thresholds are elevated (171). The child will be hard to
awaken and may be confused and disoriented. Motor
activity may terminate spontaneously or the child may
simply return to bed without reaching alertness. Sleeptalk-
ing may occur during this event. The treatments men-
tioned previously for the other arousal parasomnias may
be helpful. Safety precautions should always be taken.
Specifically the child should sleep on a ground floor if
possible to avoid injury while negotiating stairs. If the
child has a bunk bed, he should use the lower bunk.
Drapery should be kept over the bedroom windows to
protect the hands of the child in case the child tries to
punch a window. A door alarm is helpful to warn the par-
ents if the child walks out of the home. Weapons should
be kept away from adults who may sleepwalk. It is help-
ful to keep precipitants of sleepwalking at a minimum.
Thus, sleep deprivation should be avoided. Obstructive
sleep apnea may be an occult aggravator, and should be
treated if present (47).

Parasomnias such as sleepwalking and sleep terrors
need to be distinguished from nocturnal seizures. The tim-
ing of seizures is different from sleepwalking and sleep ter-
rors. Nocturnal seizures do not cluster during slow-wave
sleep in the first third of the night. The motor activity of
generalized tonic–clonic seizures is very different from
these parasomnias. Tongue biting and urinary inconti-
nence are not characteristically seen in sleepwalking and
night terrors. Patients with generalized nocturnal seizures
have a low risk of daytime seizures (172). The motor activ-
ity of a partial complex seizure may be more difficult to dis-
tinguish from parasomnias and may resemble a confu-
sional arousal (173). Usually the overall clinical picture
can help with the diagnosis. If a patient has been injured
during an apparent parasomnia, a comprehensive neuro-
logical evaluation should be considered including a sleep-
deprived electroencephalogram.

Some forms of epilepsy may be misidentified as a be-
nign parasomnia (174) or as narcolepsy in children (159).
Frontal lobe epilepsy is poorly understood and often un-
recognized by health care workers dealing with children.
Age of onset varies from infancy to adolescence. Seizures
are typically brief (30 seconds to 2 minutes), stereotypic,
nocturnal, and can occur several times during the night.
They have an explosive onset, characterized by screaming,
agitation, stiffening, kicking or bicycling of the legs, and in-
continence. The interictal electroencephalogram is usually
normal. Longterm video electroencephalographic monitor-
ing is required to demonstrate the frontal epileptic dis-
charges. This condition may be misdiagnosed as a sleep dis-
order or psychiatric problem. Nocturnal paroxysmal
dystonia is a sleep disturbance that may be misidentified as
a pseudo-seizure (176–178). It appears to be a form of
frontal lobe epilepsy with motor attacks characterized by
complex behavior, with dystonic–dyskinetic or ballistic
movements arising from non-REM sleep. The movements
are not symmetrical. Seizure control is difficult and may
require epilepsy surgery (179).

CONCLUSION

Sleep disorders are very common in children and are often
associated with daytime behavioral problems. Most sleep
disorders will improve when correctly addressed. It is im-
portant for children and their caretakers to give sleep the
same priority as exercise and nutrition. We cannot continue
to punish our children by sending them to bed early and re-
ward them by permitting them to go to bed late and ex-
pecting them to grow up valuing a full night of sleep. There
is a need for greater information on the pharmacological
management of sleep disorders in children. Health care
providers need to have a comprehensive understanding of
clinical sleep disorders in children. Training programs
should play a lead role in enhancing knowledge of sleep
disorders in children.
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A stroke is the result of a sudden occlusion or rupture of
cerebral arteries or veins, with consequent focal cerebral
damage and neurological deficits. A stroke can be either is-
chemic (i.e., secondary to an occlusion, termed a cerebral
infarction) or hemorrhagic (i.e., intraparenchymal or re-
sulting from subarachnoid bleeding). This chapter focuses
on ischemic strokes.

There are two types of ischemic stroke: arterial ischemic
stroke and sinovenous thrombosis. An arterial ischemic
stroke occurs when there is an obstruction in the arterial
system of the central nervous system. Sinovenous throm-
bosis, sometimes referred to as cerebrosinovenous throm-
bosis, occurs when there is an obstruction to the venous
system of the brain. In both cases, blood flow to a specific
brain area is interrupted, with resulting cerebral damage
and neurological deficit(s). The ratio of arterial ischemic
strokes to sinovenous thromboses is on the order of three
to one (1).

Awareness of stroke in childhood continues to increase.
The publication in the year 2000 of the special issues on
cerebrovascular disorders by the Journal of Child Neurology
and Seminars in Pediatric Neurology as well as the work of
those involved in the clinical care and research of children
with stroke have led to an increase in the reporting of child-

hood stroke and to a more complete understanding of the
etiological factors and outcomes of childhood stroke. In ad-
dition, the development and availability of more effective
forms of diagnostic technology has increased our under-
standing (2). Advances in other areas of medicine, which
have made it possible for children who would not have sur-
vived earlier to survive, have also broadened the clinical
spectrum of children who are at risk for stroke (e.g., prema-
ture births, severe cardiac disease, cardiac surgery, extracor-
poreal membrane oxygenation [ECMO], and trauma).

A note regarding the approach to this chapter—given the
excellent review provided in the previous edition of this
text, this chapter will emphasize the literature that has
emerged since its publication (i.e., late 1990s).

EPIDEMIOLOGY

The first systematic epidemiological study of cerebrovascular
disease in infants and children involved a review of the
records of the Mayo Clinic (Rochester, Minnesota) from
1965 to 1974 (3). This population-based study produced an
incidence rate of 2.52 cases per 100,000 children; that is,
four cases of stroke over a 10-year period. The authors noted
that neonatal strokes were not included and that the inci-
dence of sickle cell anemia, a significant risk factor for stroke,
was not seen in any of the hospitals in Rochester and that,
therefore, the “true” incidence might be higher. Moreover,
this study was completed before computerized tomography
(CT) scans were developed so that this effective means of di-
agnosing stroke was not available. In a subsequent study by
Broderick et al. involving infants and children residing in
Greater Cincinnati, which took place in 1988–1989 (a pe-
riod when CT/MRI was standard in the workup of a child
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referred for stroke-like phenomena), the incidence rate was
similar to that of the Rochester study, namely 2.7 strokes per
100,000. The study population was much larger than that of
Rochester (295,577 children versus 15,834 children) (4). An
incidence of 1.5 per 100,000 for intracerebral hemorrhage
and subarachnoid hemorrhage and 1.2 per 100,000 for cere-
bral infarction was reported in this study.

A series of papers by Giroud and colleagues (5, 6) re-
garding the incidence of cerebrovascular disease in children
in Dijon, France, reported far higher numbers of strokes in
infants and children: 7.91 per 100,000 for ischemic stroke
and 5.11 per 100,000 for hemorrhagic stroke. This series
also reports a preponderance of ischemic stroke, differing
with the findings of the Cincinnati study reported by Brod-
erick. The authors noted that these differences might be ex-
plained by several factors. The data were gathered outside
the main University Hospital, death certificates were re-
viewed for “unknown” causes of death, and “mild” stroke
and strokes induced by trauma were included.

The Canadian Pediatric Ischemic Stroke Registry was
conceived to obtain comprehensive and prospective epi-
demiological data on arterial ischemic stroke and cerebral
sinovenous thrombosis in children. Given the participation
of all 16 pediatric tertiary care centers in Canada, this is truly
a national registry, encompassing a general population of
approximately 31,000,000 citizens. The most recent figures
from this registry report an incidence of 2.6 per 100,000 per
year for arterial ischemic stroke (7) and 0.7 per 100,000 per
year for sinovenous thrombosis (8), resulting in a total of
3.3 per 100,000 per year. A 60% male preponderance was
also reported for ischemic stroke at all ages (7, 8).

ETIOLOGY

Stroke in infants and children can occur for a myriad of rea-
sons. A thorough workup will typically result in identifying
at least one etiologic factor, although in approximately 20%
of cases, the cause will remain cryptogenic despite the most
complete of investigations. It has often been reported that
the most common cause of stroke in infants and children is
cardiac disease, which is thought to account for approxi-
mately 15% of childhood stroke (9). For example, a series of
59 consecutive cases of childhood stroke reported a total of
seven children with cardiac or transcardiac embolic strokes,
a rate of 12% (10). Cardiac disease was listed as the primary
risk factor for stroke in 19% of patients enrolled in the Cana-
dian Pediatric Ischemic Stroke Registry, followed by coagu-
lation disorders (14%), dehydration (11%), vasculitis (7%),
infection (6%), dissection (5%), neoplasm (4%), metabolic
disorder (3%), Moyamoya disease (2%), sickle cell anemia
(2%), and perinatal complications (2%), with miscella-
neous factors accounting for 4%. A risk factor could not be
identified in 21% of participants in this registry (11, 12).

The search for a putative cause(s) of a stroke is of great
importance and should extend beyond the obvious cause

(e.g., an arterial dissection or congenital heart disease), as
multiple risk factors are often found in ischemic strokes
and the presence of multiple risk factors has been linked
with both stroke recurrence and stroke outcome (12).
There is frequently a preceding or concomitant condition,
which by itself or in combination with its treatment results
in cerebral insult, in addition to the stroke itself. It is some-
times difficult to separate out the primary and secondary
causes of the cerebral insult. The adult literature, often used
as a jumping off point for the treatment of children, is of
limited use as the causes of stroke in adults can be quite dif-
ferent (e.g., although atherosclerosis and atrial fibrillation
are common risk factors in adults, they are not listed as
common in stroke in children).

CLINICAL PRESENTATION

Presentation of stroke varies with the age at which the lesion
occurs, as well as the location and type of lesion. Infants with
arterial ischemic strokes and sinovenous thrombosis often
present with lethargy and seizures, while in older infants and
toddlers symptoms may present with an abrupt onset and
with focal neurological signs, such as facial droop or hemi-
paresis. If a stroke occurs in the prenatal or perinatal stroke
period, motor signs may not emerge until several months
later—between 4 to 8 months of age (13). A school-age or
teenage child may describe more subtle symptoms, such as
word finding difficulty or visual disturbance, headache, or a
focal sensory deficit. There is some thought that transient is-
chemic attacks precede arterial ischemic strokes in up to one
third of cases, although they are rarely diagnosed (7). In
some cases, the symptoms of these transient ischemic attacks
may be thought to be hysterical in nature, or a conversion
disorder, given that the symptoms appear and then fade
away, possibly to return again if there is another attack.

Seizures and lethargy are the most typical presentations
of sinovenous thrombosis in the neonatal period (8).
Older infants and children typically present with more var-
ied symptomatology, related to increased intracranial pres-
sure, with headache, visual disturbance papilledema, and,
occasionally, sixth-cranial nerve palsy. Hemiparesis and
seizures are common occurring in 35 to 45 and 48%, re-
spectively (8).

As is the case with stroke in adult patients, there are a
great number of etiologies for a stroke in the neonatal pe-
riod or in childhood, which can be broken down into ma-
jor categories) with several examples under each category,
some of which will be described in the text (see Table 19.1).

SICKLE CELL DISEASE

Sickle cell disease is one of the numerous medical conditions
that can precede a stroke. Cerebrovascular accidents are a fre-
quent and major complication in patients with sickle cell dis-
ease. Sickle cell disease is the result of an abnormal
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hemoglobin, which causes red blood cells to form a sickle
shape. As the hemoglobin is deoxygenated, the stiff, inflexi-
ble sickle cells occlude small vessels and deprive the brain and
other organs of oxygenated blood and result in infarction.
Sickle cell anemia is the most common form of sickle cell dis-
ease in the United States, accounting for 60 to 70% of the
cases, and the most likely to cause stroke is the HbSS geno-
type (14). This autosomal recessive disorder results from a
mutation in the hemoglobin beta (HBB) gene. Other forms

of sickle cell disease result from co-inheritance of Hb S with
other abnormal globin beta chain variants. These include
sickle-hemoglobin C disease (Hb SC) and two types of sick-
le�-thalassemia (Hb S��-thalassemia and Hb S�°-tha-
lassemia). Other globin beta chain variants such as D-Punjab
and O-Arab also result in sickle cell disease when co-inherited
with Hb S. In a Jamaican cohort of 310 patients of all geno-
types ranging in age from 9 to 17 years, the overall estimate
of incidence of stroke was 7.8%, a very high number (15).

Chapter 19: Ischemic Stroke in Childhood 387

TABLE 19.1 
RISK FACTORS FOR STROKE IN CHILDREN

Hematologic Disorders

Hemoglobinopathies (e.g., sickle cell anemia)
Immune thrombocytopenic purpura
Thrombotic thrombocytopenic purpura
Thrombocytosis
Polycythemia
Leukemia or other neoplasm
Disseminated intravascular coagulation

Vasculopathies

Postvaricella angiopathy
Ehlers-Danlos syndrome
Early atherosclerosis
Diabetes
Systemic hypertension
Hypernatremia
Superior vena cava syndrome
Homocystinuria
Pseudoxanthoma elasticum
Fabry disease
Arterial fibromuscular dysplasia
Moyamoya syndrome
Moyamoya disease
Postradiation vasculopathy
NADH-CoQ reductase deficiency
Williams syndrome

Vasculitis

Meningitis
Systemic lupus erythmatosus
Systemic infection
Polyateritis nodosa
Granulomatous angiitis
Takayasu’s arteritis
Rheumatoid arthritis
Dermatomytosis
Inflammatory bowel disease
Drug abuse (cocaine, amphetamines)
Hemolytic-uremic syndrome

Vasospastic Disorders

Migraine
Ergot poisoning
Vasospasm with subarachnoid hemorrhage

Cardiac Disorders

Complex congenital heart defect
Ventricular/atrial septal defects
Patent ductus arteriosus
Patent foramen ovale
Aortic or mitral stenosis
Coarctation
Cardiac rhabdomymoma or myxoma
Rheumatic heart disease
Prosthetic heart valve
Bacterial endocarditis
Libman-Sacks endocarditis
Cardiomyopathy and myocarditis
Arrhythmias

Coagulation Disorders

Congenital coagulation defects
Prothrombotic medications (oral

contraceptives, L-asparaginase)
Pregnancy/postpartum period
Lupus anticoagulant
Antithrombin III deficiency
Anticardiolipin antibodies
Lipoprotein abnormalities
Factor V Leiden
Protein S deficiency
Protein C deficiency
Liver dysfunction with coagulopathy
Vitamin K deficiency
Plasminogen deficiency
Hyperhomocystienemia
Hyperlipidemia

Trauma

Amniotic fluid/placental embolism
Child abuse
Fat or air embolism
Foreign body embolism
Cardiac catheterization
Carotid ligation (e.g., ECMO)
Vertebral trauma due to cervical rotation
Posttraumatic arterial dissection
Brain herniation and arterial compression
Intra-oral trauma
Arteriography
Carotid cavernous fistula
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Ohene-Frempong and colleagues (16) initiated the
Cooperative Study of Sickle Cell Disease, a prospective lon-
gitudinal study that enrolled more than 4,000 patients be-
tween 1978 and 1988. Among all of these genotypes, the
investigators found that the HbSS patients had the highest
prevalence rate for stroke (4.01%) and an incidence rate for
stroke of 0.61 per 100 patient years, although they empha-
sized that stroke occurred in all common genotypes. It
should be noted that these findings included both ischemic
and hemorrhagic stroke. In this study, a history of transient
ischemic attack was a strong risk factor for a completed in-
farctive stroke, indicating that an aggressive stance toward
the prevention of stroke should be adopted if evidence of a
transient ischemic attack is present. A low steady-state
hemoglobin concentration, elevated systolic blood pres-
sure, and recent episode of acute chest syndrome or crisis
were also considered as risk factors for an ischemic stroke.
Finally, it was noted that sickle cell patients who had a
stroke had a high risk of recurrent stroke, a risk that can be
attenuated, but not eliminated, by chronic transfusion
therapy (17).

MOYAMOYA DISEASE/SYNDROME

Another medical condition that predisposes one to stroke
is Moyamoya disease. When Takeuchi and Shimizu first de-
scribed Moyamoya disease in 1957, they used the technical
term “hypoplasia of the bilateral internal carotid arteries”
(18). In this report, they presented a case study of a 29-year-
old man. Following the publication of this case study,
many more reports followed, and in 1967, Suzuki and
Takaku coined the phrase “Moyamoya disease” to describe
the neuroradiological characteristics (19). Moyamoya, as
the disease has been called since this time, is a Japanese ex-
pression meaning “something hazy, just like a puff of
cigarette smoke drifting in the air” and refers to the cerebral
angiogram of an individual with this rare disease.

Although the fine network of vessels at the base of the
brain or the basal ganglia is the aspect of the disease that
initially attracted the attention of neurosurgeons, the for-
mation of these vessels is thought to be a secondary process
of the disease induced by chronic ischemia (20). More
specifically, the development of these Moyamoya disease
vessels is seen as the brain’s reaction to occlusion (blockage
of a vessel or artery) or stenosis (narrowing of vessel or
artery) as it tries to compensate for the decrease in cerebral
blood flow to the areas distal to the sites of occlusion or
stenosis by making collateral vessels (21). This specific re-
sponse of the brain is unique to Moyamoya disease and is
not seen in other cerebrovascular diseases (22).

The main feature of Moyamoya disease is the progres-
sive occlusion or stenosis of one or more of the main arter-
ies of the circle of Willis; namely, the terminal portion of
the internal carotid artery, the proximal portion of the an-
terior, or the middle cerebral arteries, the result of which is

chronic ischemia. Both stenosis or occlusion next to the
Moyamoya vessels should be found bilaterally, according
to the official diagnostic criteria (23). Of note to this re-
view, the diagnostic criteria are based on the observable
characteristics of the disease as measured by invasive and
noninvasive devices. Alternatively, Moyamoya disease can
be diagnosed by medical reports of associated diseases or
the conditions of the patient at time of autopsy.

Moyamoya disease is rare, however, prevalence rates
vary. In Asian countries such as Japan, China, and Korea,
the incidence is higher than in European and American
countries (24). For example, the estimated total number of
Moyamoya disease patients in Japan in 1994 was 3,800,
which represents an incidence of 1/1,000,000 each year
(23). A questionnaire study provided an estimate of the in-
cidence of Moyamoya disease across Europe as being one
tenth of the Japanese incidence (25). A somewhat different
picture is seen if one uses a pediatric stroke sample as the
population of interest. A study of 59 pediatric stroke pa-
tients in France (10) found that four (7%) patients pre-
sented with Moyamoya symptomatology. The study also
reported that the patients with Moyamoya disease had the
highest risk of stroke recurrence (75%) relative to the other
identified mechanisms causing stroke in childhood (10).

In a nationwide study of Moyamoya disease in Japan,
four subtypes were identified: hemorrhagic (occurring in
33% of participants), infarctive (22%), transient ischemic
attack (20%), and epileptic (12%) (26). The incidence of
these subtypes varies depending on gender and age. The in-
farct subtype is more common among males as opposed to
the hemorrhagic subtype, which is more common in fe-
males (26). Different studies show that hemorrhagic
strokes are more common among adults than children (23,
27–29).

HUMAN IMMUNODEFICIENCY VIRUS

As the number of persons with human immunodeficiency
virus (HIV) continues to grow, so the number of HIV-
infected children grows. Approximately 20% of HIV-in-
fected infants will develop acquired immunodeficiency
syndrome (AIDS) in the first year of life, and approximately
90% will develop AIDS by 18 months of age. This progres-
sion to AIDS is important for pediatric stroke, as an esti-
mated 1.3% of these children will go on to experience
stroke (30), a combination of ischemic and hemorrhagic
strokes. For example, in the case of a young lady with
known AIDS who presented with new-onset seizures and a
right hemiparesis, a combination of subacute hemorrhage
and a complete occlusion of the left middle cerebral artery
was diagnosed (31). These authors speculated that the
cause of stroke in this case was a vasculopathy caused by
the human immunodeficiency virus, an etiology similar to
postvaricella vasculopathy (32). Interestingly, this patient
returned after her hemiparetic symptoms worsened, at
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which time a new left frontal ischemic infarction was
noted, with occlusion of both anterior cerebral arteries. The
angiographic characteristics of this vasculopathy were de-
scribed as “Moyamoya disease-like.” Other authors stress
that stroke and seizures can represent the presenting symp-
toms of pediatric HIV infection or AIDS, describing two
such cases (33) and emphasizing that testing for HIV
should be included in the investigation of stroke in a child
who is at risk for HIV infection. A follow-up letter to this ar-
ticle proposed a cause for the vasculopathy and ischemic
stroke, that being an “HIV-1-associated vasculitis-vascu-
lopathy-hypoxia/ischemia sequence” (34). The supposi-
tion of these authors that cytotoxic T lymphocytes are re-
sponsible for the cascade of events culminating in ischemic
stroke led to suggestions for therapeutic approaches in
children with HIV infection, including those related to the
HIV infection (e.g., antiretroviral medications, prophylac-
tic immunomodulators) and to the cerebrovascular system
(e.g., vasodilators, calcium-channel blockers).

PROTHROMBOTIC DISORDERS

Many genetic syndromes not only predispose a child to
stroke (e.g., hyperhomocystienemia (35) but exert their
own influence on the neuropsychological, behavioral, or
psychiatric profile (e.g., Down syndrome (36)). Arterial is-
chemic strokes and sinovenous thrombosis can both be
caused by thrombotic vascular occlusion. While vascular
occlusive strokes in adults are typically the result of
atherosclerosis, in children, they are often the result of an-
other disease or risk factor, including prothrombotic disor-
ders. Prothrombotic disorders are thought to be present in
anywhere from 20 to 50% of childhood arterial ischemic
strokes and from 33 to 99% in childhood sinovenous
thrombosis. The fact that these disorders can be both a
cause for the initial stroke but can also be a cause for recur-
rent strokes highlights the need for a thorough workup and
evaluation when a child strokes. Relatively common pro-
thrombotic disorders include deficiencies of antithrombin,
protein C, protein S, plasminogen, the presence of Factor V
Leiden, Prothrombin gene G20210A, dysfibrinogenemia,
antiphospholipid antibodies, hyperhomocysteinemia, and
elevated lipoprotein (37). Of note in this review is the ap-
proach provided by Chan and deVeber to suggested labo-
ratory tests when faced with a child suspected of having or
having a stroke (37).

DIFFERENTIAL DIAGNOSIS

When a child presents with a hemiparesis or seizure, there
are, of course, many diagnostic options, one of which
is stroke. Other causes for a hemiparesis could include
the pressure exerted on brain structures by a brain tumor
or an arteriovenous malformation, acute disseminated

encephalomyelitis, or a progressive epileptic condition,
such as Rasmussen’s encephalitis, of which a progressive
hemiparesis is a symptom. Todd’s paralysis (a transient
hemiparesis that can follow a seizure) should also be con-
sidered. Finally, a migraine may present with a hemiplegia,
in addition to other symptoms (38).

The diagnosis of stroke is best confirmed by neuroimag-
ing. Cranial ultrasound, which has unquestionable value in
the diagnosis of periventricular and intraventricular hem-
orrhage in premature infants, has been shown to be too
insensitive for the diagnosis of ischemic stroke in term
newborns (39). Advances in other areas of neuroimaging,
including magnetic resonance imaging (MRI) techniques
such as diffusion weighted imaging and perfusion MRI, as
well as magnetic resonance angiography, have enhanced
the ability to identify and characterize ischemic strokes in
children (2). Conventional angiography continues to be
the gold standard for children with stroke; however, as
magnetic resonance angiography images flow signal rather
than vascular anatomy and has been shown to miss abnor-
malities that would be identified with conventional an-
giography (40).

When considering the consequences of stroke, there are
many factors other than stroke to consider. For example,
those children who develop a seizure disorder secondary to
their stroke will most likely be prescribed an anticonvul-
sant medication(s), which are well known to have effects
on cognitive functioning (41–44). Migraine headaches can
precede stroke or result from a stroke, and, if severe, can
have a debilitating effect on many aspects of functioning
(45). The functioning of a child and family can also be sig-
nificantly disrupted by the medical sequelae of a stroke
(e.g., investigations for stroke etiology, such as phle-
botomies, CT, or MRI scans), or the concern about stroke
recurrence. Finally, it is not uncommon for children who
are not walking or talking as other children do to be ostra-
cized in their schools and neighborhoods secondary to the
visible aftereffects of stroke. Keeping these additional fac-
tors in mind, the neurological, neuropsychological, behav-
ioral, and psychiatric sequelae of stroke are considered.

NEUROLOGICAL SEQUALAE

In the adult population, 85% of patients with sinovenous
thrombosis have been reported to have a good longterm
(mean 6.5 years) outcome, based on the absence of neuro-
logic signs and symptoms (46). However, in a study of 57
adults with sinovenous thrombosis, significant cognitive
morbidity was reported at a mean 1.5-year follow-up (47).

Some information has been reported regarding the neu-
rological outcome of sinovenous thrombosis in infants and
children. In a literature review, neurologic sequelae were
present in 27% of 124 survivors of childhood sinovenous
thrombosis untreated with anticoagulant therapy (49). A
prospective study utilizing a standardized neurological
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assessment found that 18% of 38 infants and children sur-
viving sinovenous thrombosis had poor outcome, based
on the presence of moderate or severe neurologic deficits
(49). In the Canadian Registry, the neurologic outcomes in
61 neonates and 91 nonneonates at a mean interval from
thrombosis of 1.6 years were as follows: 54% were normal,
38% had neurologic deficits, and 8% had died. The neuro-
logic deficits (based on neurological examination only)
included motor impairment in 80% of cases, cognitive im-
pairment in 10%, developmental delay in 9%, speech
impairment in 6%, visual impairment in 6%, and other im-
pairments in 26% (8).

In children with ischemic arterial stroke, an altered level
of consciousness, or seizures, and a completed or cortical
completed middle cerebral artery stroke were significant
risk factors for poor outcome, measured by both the pres-
ence of recurrent stroke and neurological impairment (50).

COGNITIVE/INTELLECTUAL/
NEUROPSYCHOLOGICAL SEQUALAE

Most investigations of intellectual outcome after childhood
stroke focus on the effect of unilateral lesions. Coupled
with this emphasis on unilateral lesions has been a focus
on the perceived plasticity of the immature central nervous
system, more specifically, a search for the age at which the
traditional functional specialization of the left hemisphere
for speech and language and the right hemisphere for visu-
ospatial functioning emerges (51–54). Part and parcel of
this approach has been the investigation of whether either
hemisphere of the immature brain can take over for any
cognitive functions if the lesion occurs early enough. For
example, evidence has been presented suggesting that pre-
natally and perinatally acquired lesions in the left periven-
tricular white matter shift the organization of speech to the
right hemisphere, documented as right-hemisphere fMRI
activation with left facial motor tract involvement (55).

Intellectual outcome after unilateral lesions that have
taken place in infancy and childhood is typically reported
as being within the average range, but below that of normal
population means, and that of matched controls (54,
56–59). Hogan and colleagues (59) as well as Bates and
colleagues (57) have summarized this body of research, ex-
amining the impact that a number of factors may have on
poststroke outcome. For example, given the evidence to
date, there does not appear to be a consistent significant ef-
fect for side of lesion, a result that is consistent across a
number of studies (57, 60, 61). A lack of consistent results
has also been found for variables including etiology of
stroke and associated neurological disorders, in particular,
seizures; lesion variables including extent of lesion, hemi-
spheric lateralization of lesion, and location of lesion
within the hemisphere; and variables related to the child,
such as sex, age at onset, time since onset, and age at test;
and socioeconomic status.

Children with focal stroke often appear to demonstrate
a remarkable recovery from the insult (62). However,
detailed studies of children with severe brain injuries do
identify deficiencies in the area of discourse (connected
language) (63–66). Chapman et al. found that the children
with stroke performed more poorly than orthopedic con-
trols when examined for language-structure (e.g., the
length of utterance) as well as information-structure (the
content and organization of the episodic structure, includ-
ing being able to relay the core propositions, the gist propo-
sitions, and a macrolevel interpretation). This pattern of re-
covery in children, that is, the recovery of lexical and
grammatical ability in the context of weakness in discourse
macrolevel skills, is opposite to the pattern that typically
found in adult stroke patients (67). These investigators also
noted that there was a poorer outcome for discourse in
those who had a stroke at an early age (up to 12 months of
age) compared to those who had a stroke at 12 months of
age or later. Moreover, the site- and size-of-lesion effects
found in adult stroke populations were not observed. The
implications of these findings for how these children will
perform in an academic environment are clearly concern-
ing and should be the focus of continuing investigation.

BEHAVIORAL SEQUALAE

As is the case with research into the cognitive or intellectual
outcome of pediatric stroke, most of the research into the
behavioral sequelae of pediatric stroke has focused on the
discrepancy between lesions of the left or the right hemi-
spheres. More specifically, left-sided lesions in adults tend
to result in disturbances of language, calculations, and
praxis, while right-sided lesions tend to result in the alter-
ation of functions that are reliant on directed attention and
visuospatial skills, modulation of affect, and the paralin-
guistic aspects of communication (68). Previous research
into the “right hemisphere deficit syndrome” in children
(68–72) generally supported these findings and suggested
the presence of a fairly specific pattern of social and per-
sonality deficits, with difficulties being noted in social in-
teraction/social withdrawal, attention, and arithmetic. The
latter difficulty has also been described as a “nonverbal
learning disability”(73).

In keeping with this line of research, children with early
focal right-hemisphere lesions have been documented to
have greater difficulties recognizing and identifying facial
affect than both normal controls and children with early fo-
cal left-hemisphere lesions (74). Precursors of this social
difficulty may also be seen in investigations of early tem-
perament by Nass and Koch, who described babies with
right-hemisphere lesions as consistently showing more
negative temperament and mood than babies with left-
hemisphere lesions (75).

While the number of investigations into the behavioral
sequelae of strokes in infancy and childhood does not rival
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that of investigations into the intellectual outcome, some
have been reported. Trauner and colleagues (76) found
that children with early focal lesions differed from control
children in the areas of general adjustment (i.e., cognitive
and academic development), social skills, and social ad-
justment. These children were subdivided into those with
left- and right-hemisphere lesions, with the resulting dis-
crepancies failing to reach significance. The overall conclu-
sion of these authors was that any early onset and focal
brain lesion predisposes one to social and cognitive
deficits. A subsequent study, reporting on the behavioral
profile of children with prenatal or perinatal onset unilat-
eral brain damage, found little difference between these
children and controls (77). In fact, when the effect of IQ
was removed from the analysis, there was no difference be-
tween the groups on any of the scales or subscales of the
questionnaire used (78). These authors were careful, how-
ever, to avoid stating that such lesions do not have an im-
pact on the behavioral profile of a child. They noted that
their group of children with unilateral brain damage was
mixed, with some lesions being left hemisphere, some right
hemisphere, some frontal and some nonfrontal, and so on,
and that the behavioral profiles of these subgroups may
have “balanced out” across the other groups. They also
stated that patients with bilateral or more extensive damage
than that of the children in their study may be at a greater
risk for behavioral dysfunction than their subjects were.

PSYCHIATRIC SEQUALAE

Changes in the psychiatric functioning of adults who have
suffered a stroke have been widely reported, including
personality changes, impaired social behaviors, decision-
making deficiencies, and other executive functions follow-
ing damage to the frontal lobes (79–81). The impact of side
of lesion has also figured prominently in this literature, with
left-hemisphere lesions commonly being associated with
depression (82–85). Right-hemisphere lesions have been
associated with difficulties comprehending or expressing
emotion (79, 86, 87), as well as mania or hypomania (86,
88, 89). More recently, depression has been associated with
stroke severity (i.e., a major hemispheral stroke syndrome,
reflecting the severity of the neurological impairment), in-
farcts affecting the limbic system of the brain, presence of
dementia, and female gender (90). Other investigators have
also found that greater degrees of physical disability are re-
lated to depression and poor emotional outcome (91).

Adults who have suffered a stroke have been reported to
have difficulty controlling their emotional responses, in
some cases resulting in significant problems controlling
anger and aggression (92, 93). Kim and colleagues have
looked at the inability to control anger and aggression
in adult stroke, comparing the ratings of close relatives
or caretakers of adults poststroke to their estimates of the
ability to control anger and aggression prior to the stroke

(92). They reported that 32% of those sampled were unable
to control their anger or aggression, with some of these be-
haviors being spontaneous and some being environmen-
tally triggered.

Poststroke changes in aggression and anger control,
while observed clinically in pediatric populations, have not
been formally reported in the pediatric stroke literature. We
completed a pilot study, asking the parents of children with
stroke to complete the aggression subscale of the Behavior
Assessment System for Children Parent Rating Scales
(BASC) (94) as well as a 5-point Likert scale to indicate
whether there was a poststroke difference in their child’s
level of aggression or expression of anger, and whether this
behavior interfered with family functioning (95). Of 26
completed questionnaires, 6 (23%) yielded a T-score equal
to or greater than one standard deviation above the mean
on the BASC aggression subscale, with two ratings exceed-
ing a T-score of 65 (i.e., within the defined clinical range).
More than one quarter of respondents reported that their
child’s current level of aggression or expression of anger
disrupted the functioning of their family. These early data
suggest that aggression and expression of anger is of clini-
cal concern in a subset of children with stroke, to the point
that families have stopped or changed their involvement in
various activities as a result of concern about their child’s
ability to control his or her emotions.

In some case studies, lesions in specific areas have re-
sulted in tic-like behaviors (96). Two boys who suffered
subcortical strokes involving the right basal ganglia at the
age of 8 years were described. In the case of one boy, the
right caudate and putamen were affected, while in the other
case, the head of the right caudate nucleus was lesioned. In
both cases, the boys developed a left hemidystonia 2 weeks
after the stroke, with the later emergence of tic-like behav-
ior. Difficulties in the realm of focusing and attending were
also noted.

A number of investigations have focused specifically on
the psychiatric sequelae following a stroke in childhood.
Max and colleagues have explored the prevalence of psy-
chiatric morbidity in children with stroke relative to ortho-
pedic controls (i.e., the subjects with stroke were matched
individually to subjects with clubfoot or scoliosis). This
group has also explored groups of children with stroke and
similar controls for the presence of a psychiatric disorder
that was not present prior to the child experiencing the
stroke. When they considered general categories of psychi-
atric disorder, they found that 46% of their sample had
poststroke ADHD, 31% had a poststroke anxiety disorder,
21% had a poststroke mood disorder, and 17% had a post-
stroke personality change (97). Strongly correlated with the
development of a poststroke psychiatric disorder was an
abnormal neurological exam (assessment of neurological
severity was rated by seizure history, head circumference,
degree of hemiplegia, and function of the unaffected side of
the body), lower full-scale IQ (FSIQ) and verbal IQ (VIQ),
socialization deficits (noted on the Socialization Domain
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of the Vineland Adaptive Behavior Scales), and increased
family psychopathology (in first-degree relatives).

The children with attention deficit hyperactivity disor-
der (ADHD) were followed up in an accompanying study,
designed to determine whether a commonality in lesion
characteristics was present (98). Of 25 children with focal
stroke lesions, 15 were noted to have ADHD or ADHD
traits (that is, cases with symptoms that fell at a subsyndro-
mal level or cases in which there was disagreement between
raters). Lesion volume was not associated with the presence
of ADHD traits. When the MRI scans of the 13 children
with the largest lesions (greater than 103 cm were exam-
ined, it was found that ADHD traits were present in six of
seven patients with lesions of the putamen compared to
two of six patients with lesions that did not involve the
putamen (Fisher exact test p � .1). These authors stress that
the putamen is a part of dopamine-rich ventral or limbic
striatum, and that this area of the brain has been related to
ADHD in previous studies (99, 100), especially ADHD
dominated by symptoms of inattention.

Max and colleagues have also reported that lifetime
ADHD traits were significantly more common in children
with stroke and no prior ADHD symptomatology than in
orthopedic controls (46 versus 17%) (101). Inattention
and apathy were identified as “core features” of the pres-
ence of ADHD traits in children with stroke, secondary to
their performance across several neurocognitive measures.

REMEDIATION

As is apparent from the preceding review of the various
types of outcome of stroke in infancy or childhood, it is
clear that early views of the plasticity of the immature brain
(i.e., that the earlier the insult to the brain, the more com-
plete recovery) were overly optimistic (102–104). Indeed,
it is clear that there are considerable and lasting changes
and areas of deficit that these children and their families, as
well as those working with them, will have to keep in mind.
Effort must be directed toward the development of remedi-
ation and rehabilitation techniques to help these children
if improvement in their functioning is to be seen. A major
part of this effort to help these children is being able to pro-
vide an accurate assessment of their strengths and weak-
nesses in order (1) to document that they are in need of
assistance and (2) to better guide and direct that assistance.
We have found that providing them with a neuropsycho-
logical assessment is often ideal in determining the best
way to approach helping these children.

The purpose of a neuropsychological assessment is to
promote the development of independence, competence,
and well-being for the child being assessed. In addition to
careful consideration of the developmental and physical
context that the child is in, it is important to assess a suffi-
cient number of domains of functioning to be able to pro-
vide specific recommendations for the child and those

working with him or her. More specifically, determining the
IQ of a child will not translate into specific recommenda-
tions for the development of language or visual-spatial func-
tioning, for example. A typical neuropsychological assess-
ment, therefore, includes the assessment of general
cognitive/intellectual functioning, verbal or language func-
tioning, visual-spatial functioning, attention/concentra-
tion, memory, sensory-perceptual, motor, academic
achievement, executive functioning, and socioemotional
functioning (see the following for cogent reviews of neu-
ropsychological assessment (105–107)). Translating the as-
sessment results into a form that is real to those involved,
and that includes practical implications and treatment rec-
ommendations, is extremely important. For example, a 3-
year-old with frontal infarcts would not be expected to dif-
fer much from another child that is 3 years old, as the
functioning of the frontal lobes begins to become more im-
portant for the overall functioning of a child later in life, say
when she or he is entering school. Therefore, from a practi-
cal perspective, the neuropsychologist may be able to point
out subtle areas of current deficit and translate them as in-
dicators of the difficulties yet to come (i.e., how attentional
and organizational issues will play a greater role as the child
ages) and provide recommendations about how to best
work with the child to encourage the development of these
skills and abilities.

Numerous resources are available for parents and those
working with children with stroke that address specific ar-
eas of functioning, such as difficulties with academic
subjects (e.g., reading or math) and difficulties with the de-
velopment of executive functioning or social skills. For ex-
ample, Stephen Nowicki and Marshall Duke have written
an excellent series of books designed to promote the devel-
opment of social skills (108–110).

CONCLUSION

It is important to realize that the pediatric stroke field is in
its infancy, with the vast majority of the stroke literature
coming from the adult/geriatric end of the age spectrum.
However, definitive steps have been taken to move the field
forward, including the aforementioned special issues (Jour-
nal of Child Neurology, Seminars in Pediatric Neurology), a
text devoted to the field (111), conferences dedicated to pe-
diatric stroke, such as the First International Conference on
Cerebrovascular Disease in Children in 1998, and several
multisite research initiatives, such as the Canadian Pedi-
atric Ischemic Stroke Registry and a project directed toward
the establishment of standards of practice and the initia-
tion of further multicenter, multinational clinical trials for
neonates and children with stroke, sponsored by the Child
Neurology Society/Child Neurology Foundation.

It is also important to note that some steps have been
taken in assessing outcome in some areas of functioning in
children with stroke. For example, investigators are now
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exploring specific aspects of language functioning and find-
ing areas of weakness, rather than relying on global mea-
sures of verbal functioning and concluding that perfor-
mance based on this global measure was age appropriate.
Early studies of behavioral or psychiatric outcome also of-
ten focused on generalities and found few or no differences
between children with stroke and controls. More recent
studies, such as those of Max and colleagues (97, 98, 101)
have focused on specific areas of functioning (e.g., ADHD,
anxiety disorders) and on more specific methods of assess-
ment, again with the result of identifying areas of need that
were previously masked by (imprecise) measures of global
functioning. Continued developments along these lines
will more clearly demarcate areas of need in children with
stroke, which will, in turn, allow for the fine-tuning of
efforts toward the development of specific methods of re-
habilitation/remediation.

Over the coming years, it will be the goal of those work-
ing in the field of pediatric stroke to continue to inform the
medical and lay world of the magnitude of childhood
stroke and to emphasize the importance of early and accu-
rate diagnosis, as well as early and effective intervention to
improve the outcome for these children.
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DEFINITION OF BLINDNESS/SEVERE
VISUAL IMPAIRMENT

The population of children with blindness or severe visual
impairment is a heterogeneous one. Visual impairment is
measured on a continuum, and there is therefore no uni-
versally accepted criterion for defining “blindness.” Con-
sequently, in many parts of the world, definitions fall to
those applied for legal purposes. In the United States, the
first of these definitions was that of “economic blindness”
(Schloss 1963; Jan, Freeman and Scott 1977). This defini-
tion has since been adopted by most of the Western cul-
tures and defines blindness as the visual acuity in the best
eye with correction of less than 20/200 or a defect in the
visual field so that the widest visual diameter is less than
20 degrees. This legal definition of blindness was not de-
veloped for children but rather for determining the dis-
ability status of adults and thus there are distinct disad-
vantages in the assessment of youngsters. Moreover, until
the age of 3 or 4 years, a child may satisfy criteria for le-
gal blindness but nonetheless be quite able to function in

society. Indeed even among children whose visual acuity
satisfies criteria for legal blindness there remains extreme
heterogeneity; congenitally blind children may be
grouped together with those who retain some perception
of light as well as children with some intact vision (Jan et
al. 1977). Currently, the International Classification of
Diseases (World Health Organization 1992) designates six
categories to describe significant visual impairment with
category 1 corresponding to the best possible corrected vi-
sual acuity being between 20/70 and 20/200; category 2 is
between 20/200 and 20/400; category 3 is between
20/400 and 20/1200, which corresponds to finger count-
ing at 1 meter; category 4, is between finger counting at 1
meter and mere light perception, and category 5, is “no
light perception.” A sixth category is reserved for “unspec-
ified or undetermined degrees of visual impairment”. Per-
sons in categories 1 and 2 are also referred to as having
“low-vision” and those in categories 3, 4, and 5 are re-
ferred to as having “blindness.” Regarding visual field de-
fects, if the field is no greater than 10 degrees but greater
than 5 degrees around central fixation, individuals are
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placed in category 3. Persons with a field no greater than
5 degrees around central fixation are placed in category 4
even if their acuity is not impaired.

Incidence and Prevalence of Blindness in
Children and Adolescents

In their landmark studies, Jan and colleagues (Jan, et al.
1977) surveyed the entire population of children born in
British Columbia in the cohort 1944 through 1973 uti-
lizing a questionnaire to record the etiology, sight, and
type of lesion and associated handicaps. The legal defi-
nition of blindness was used and cortical blindness was
excluded because of the commonly associated profound
mental retardation in that context and the attendant dif-
ficulty in assessing visual function in those individuals.
Four hundred fifty-four children were included in the
study, the majority of whom, 382, had a congenital
etiology for their blindness while the remaining 72 ac-
quired their visual impairment in childhood. Of the to-
tal, one third were characterized as having no sight or
light perception only and the remainder had some use-
ful vision with the percentages being similar when the
subgroups with congenital versus acquired blindness
were compared. While the male–female ratio was essen-
tially 1:1 in children with the congenital etiologies for
their blindness, there was a relative preponderance of
males among those with acquired visual impairment
(60%). Among the children with visual impairment, the
children with congenital etiologies were typically re-
ferred at less than 1 year of age and for those referred in
the second year of age, the vast majority had suspected
visual impairment at less than 1 year. Overall, looking at
the annual incidence of congenital blindness in British
Columbia during the 30-year study period, the investiga-
tors noted a figure of between one and eight per 10,000
population. The incidence rates increased during the late
1940s and early 1950s secondary to retrolental fibropla-
sia, prior to its identification as a side effect of exposure
to high oxygen saturation in premature infants. The au-
thors further observed that while the incidence generally
stabilized over the latter part of their study to about two
per 10,000 live births, the prevalence of blindness was
clearly increasing, perhaps secondary to advances in pe-
diatric care enabling more children with blindness to
survive. More recent epidemiological studies have been
reported from other groups of investigators.

Frick and Foster (2003) applied epidemiologic model-
ing to World Health Organization estimates for blindness
and projected that there will be 2 million blind children (0
to 14-year olds) in 2010 and 2020. Causes of blindness in
childhood, as for any disability, may be divided into ge-
netic factors and those that operate in the neonatal, perina-
tal, or early childhood period. Molecular genetic aspects of
blindness are reviewed in Black and Craig (1994); an ex-
ample of a prenatal cause of blindness is an intrauterine in-

fection like rubella. Retinopathy of prematurity would
represent an early acquired cause, and vitamin A deficiency
would contribute to blindness later in childhood. The dif-
ferences in prevalence of blindness in children, which
range from 0.3 per thousand population in developed
countries, to 0.9 to 1.1 in developing countries, is largely
accounted for by an increase in acquired (and preventable)
causes of blindness including xerophthalmia, or vitamin A
deficiency, in the context of protein malnutrition or mal-
absorption due to diarrhea. Together with xerophthalmia,
trachoma, a chronic infection of the conjunctiva and
cornea, and onchocerciasis, an infection due to a round-
worm transmitted by black fly bites, are recognized as the
main causes of blindness in developing countries (Vader
1992). Measles is the single leading cause of blindness
among children in low-income countries and accounts for
up to 60,000 cases per year (Semba and Bloem 2004). Frick
and Foster (2003) estimate that the projected number of
blind children in the world could be cut in half with im-
plementation of the VISION 2020 initiative of the World
Health Organization and the International Agency for the
Prevention of Blindness, which specifically targets cataract,
trachoma, onchocerciasis, vitamin A deficiency, and refrac-
tive errors. The application of traditional eye remedies with
resultant corneal scarring and neonatal bacterial infections
are also significant contributors to blindness in Africa
and many parts of Asia (WHO 1992; Gilbert et al. 1995;
Alemayehu et al. 1995).

Development of the Primate Visual System

The visual system in the primate is composed of the retina,
optic nerves, optic chiasm, optic tracts, lateral geniculate
nuclei, geniculostriate radiations, striate cortex (area 17),
visual association cortex, and related interhemispheric con-
nections (areas 18 to 21). All together, over one million ax-
ons comprise the optic nerve, an order of magnitude
greater than comparable afferent neurons in the aural sys-
tem (Glaser and Sadun 1990).

The first evidence of eye development in humans occurs
at approximately the third week of gestation when the pri-
mordial optic bulbs extend from the prosencephalon. The
“torus opticus” is the primitive optic chiasm and appears as
a thickening between optic bulbs. Cup-shaped evagina-
tions induce lens growth on contact with overlying surface
ectoderm. By approximately 5 weeks, retinal development
has begun, and cells in the retinal ganglion differentiate to
send optic nerve fibers through the optic stalk into the chi-
asm, which is reached 2 weeks later. By seven weeks, a full
complement of axons is contained in the optic nerve, and
the optic disc and scleral openings are well defined (Glaser
and Sadun 1990).

Neural connections in the visual system begin diffusely
as the axons from the retinal ganglion cells terminate in
the lateral geniculate nucleus (LGN) and form synapses
throughout this structure. Through selective retraction and
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more directed growth, refinement of the network is
achieved so that within the lateral geniculate nucleus, the
retinotopic organization of the optic tract is maintained in
vertical columns of cells called “projection lines,” which
have been described in all mammals studied to date. This
refinement of connections is dependent upon signaling
emanating from retinal ganglion cells, and recent studies
reveal that synchronous bursts of action potentials from
these cells can be detected long before photoreceptors
have matured (Meister et al. 1991; Masland 1977; Galli
and Maffei 1988).

Six distinct cellular laminae can be identified within
the LGN. Ventrally, layers one and two receive contralat-
eral and ipsilateral retinal projections, respectively, and
are termed “magnocellular” because of their relatively
larger neuron size. The remaining layers are termed “par-
vocellular.” Functional studies of retinal ganglion cells
which project to the magnocellular or parvocellular LGN
(“M” or “P” pathways, respectively) reveal that the former
are cells that detect motion, direction, speed, coarse stere-
opsis (depth perception), and pursuit (Tychsen 1994).
The latter cells respond to color, shape, fine acuity, and
fine stereopsis. Thus M-retinal ganglion cells transmit the
“where” of visual stimuli, and P ganglion cells transmit
the “what” (Tychsen 1994). From the LGN, magnocellular
laminae project to area 4B of the striate cortex and then
primarily to parietooccipital association cortex. Parvocel-
lular laminae project to area 4A of the striate cortex, and
then primarily to temporooccipital association cortex.
These distinct occipitoparietal and occipitotemporal vi-
sual pathways are also described as the dorsal and ventral
stream, respectively.

The maturation of M and P projections to the striate and
extrastriate cortices occurs significantly after birth and this
maturation is dependent upon visual stimulation. In their
landmark studies, Hubel and Weisel (Wiesel and Hubel
1963, 1965) demonstrated that periods of critical sensitiv-
ity exist in the developing visual system during which the
deprivation of adequate stimulation will prevent the pro-
gression toward normal adult characteristics. In their early
work, kittens and adult cats were subjected to unilateral eye
closure for varying durations. Susceptibility to the effects of
eye closure, as determined by the number of cells in the
striate cortex responding to visual stimulation from the
previously closed eye, peaked over a period of 2 weeks. Eye
closure for as little as 6 days during this interval effectively
reduced the proportion of cells the eye could influence by
over 90%. In the adult, eye closure for over 1 year produced
no detectable effects (Hubel and Wiesel 1970). The finding
of sensitive periods of development has been extended to
the barn owl (Knudsen and Knudsen 1990), mouse (Gor-
don and Stryker 1996), rat (Stafford 1984), and nonhuman
primates (Sloper 1993). In humans, stimulation in ad-
vance of a critical period does not hasten or enhance vision.
In their comparative study of preterm infants and those de-
livered at term, van Hof-van Duin and colleagues (1992)

found that visual experience before the expected term date
had no measurable effect upon the development of visual
acuity or in terms of accelerating the development of pe-
ripheral vision.

It has also become clear that multiple, partially over-
lapping sensitive periods exist for various functions of
the primate visual system (Harwerth et al. 1986). The
critical period for the rod system to respond to different
light wavelengths differs from that for cone information
processing, and different sensitive periods also exist for
both spatial vision and for binocular vision (Harwerth
et al.).

When sensory input from a given modality is disrupted
during a critical period, significant changes in the distribu-
tion of the cortical map may occur. Rauschecker and col-
leagues (1993, 1994) have shown that auditory spatial
discrimination is enhanced in cats deprived of visual stim-
ulation associated with an enlargement of the cortical rep-
resentation for auditory processing. Similar findings have
been revealed in neuroimaging and electrophysiological
studies in humans which demonstrate recruitment of oc-
cipital cortex for tactile manipulation and even tactile im-
agery, for example, imagining the “feel” of textures on the
fingertips in early blind subjects, or even simply perform-
ing a Braille reading task (Theoret et al. 2004). Occipital re-
cruitment has also been demonstrated for auditory tasks in
subjects with congenital blindness.

Recently, Theoret and colleagues (2004) reviewed evi-
dence to support the occurrence of neurophysiological
changes that occur with blindness. Studies demonstrating
better sound localization abilities for blind subjects in
comparison to sighted controls not only demonstrate that
vision is not critical to placing the origin of sounds in
three-dimensional space, but also support the longstand-
ing notion that compensatory enhancement of audition
occurs in blindness. Moreover, the same compensatory
advantage is evident in studies of tactile discrimination in
blind and control subjects, and within the blind popula-
tion, sensory thresholds are lower for the Braille-reading
finger than for other fingers in a gratings orientation task
(the ability to detect the direction of grooves cut into a
metal surface).

Kauffman and colleagues (2002) conducted an elegant
study in which sighted subjects were compared to blind-
folded subjects with respect to the speed with which they
learned to recognize Braille characters. Interestingly,
blindfolding conferred a significant advantage (as mea-
sured by error rate of character recognition), after just 5
days. Thus, some plastic changes in the brain in response
to sensory deprivation appear to occur quickly, and not to
be exclusively confined to specific critical developmental
windows. On the other hand, Sadato and colleagues
(2002), have observed differences in activation of primary
visual cortex with a tactile discrimination task in blind
subjects as a function of the timing of their loss of sight
(before or after 16 years of age). Consequently, they
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conclude that the first 16 years of life may be a critical
period for cross-modal plasticity in primary visual cortex
(e.g., from processing visual stimuli to processing tactile
stimuli).

In human infants, the development of M-pathway visual
functions precedes that for those mediated by the P-path-
way. The former can be detected by motion-evoked visual
evoked potential studies, as well as by examining optoki-
netic nystagmus pursuit and vergence eye movements and
large disparity stereoscopic vision, all of which are evident
at 3 to 5 months of age (Tychsen 1991). P-neurons in the
lateral geniculate nucleus do not achieve adult-like den-
dritic morphology until 8 or 9 months (de Courten et al.
1982). The refinement of spatial contrast and color sensi-
tivity which occur after 1 year of age are attributed to the
ongoing development of P-neuron–mediated vision. Mile-
stones in the development of vision are summarized in
Table 20.1, where it can be seen that interrelationships be-
tween vision, motor development, and praxis become par-
ticularly apparent in later childhood.

The clinical principle that derives from the observa-
tions above is that early intervention is essential to the
ultimate correction of visual disturbance. Surgery for
congenital cataracts is now performed within days of di-
agnosis with optical correction and occlusion therapies
instituted shortly thereafter, and outcomes from this ag-
gressive approach have been characterized as “astound-
ing” (Tyschen 1994). Studies with regard to the timing of
intervention for strabismus or esotropia are also clear in
suggesting that intervention after two years of age is
significantly less successful in restoring binocularity in
comparison to early treatment (6 to 18 months)
(Sarniguet-Badoche 1984; Rethy and Rethy-Gal 1984;
Ing 1984). Based upon these studies, one might also
conclude that a role exists for early and frequent expo-
sure to visual stimuli among children with severe visual
impairment. Brodsky, Baker, and Hamed (1996) observe
that visual stimulation as a therapeutic modality is
somewhat controversial in terms of its usefulness owing
to the largely anecdotal nature of reported outcomes.
Such “visual stimulation therapy” follows from the
premise that vision is in some respects a learned skill,
and, either by recruiting neurons, increasing synaptic
density or by some other means, such stimulation may
help a child to maximize his or her rudimentary sight
(Sonksen et al. 1991). Preliminary but certainly com-
pelling results of tachistoscopic visual stimulation (pre-
senting flashes of light repetitively for 1 to 2 hours daily
for 6 months) in three adult patients with partial cortical
blindness were reported by Pleger and colleagues
(2003). Color and pattern recognition improved signifi-
cantly and in a clinically meaningful way in two of the
subjects, all of whom had sustained their occipital
injuries fully two years prior to this therapeutic interven-
tion; an interval that argues strongly against mere spon-
taneous recovery.

Circadian Rhythms

A number of studies have examined the effect of blindness
on circadian rhythms, but few have involved children. Many
groups have demonstrated that circadian rhythms including
temperature, cortisol, melatonin, and sleep are free-running
in blind individuals (Sack et al. 1992, Miles and Wilson
1977, Nakagawa et al. 1992). Since the free-running diurnal
cycle approximates 25 hours, persons with sleep-wake cycle
disorders will have periods in which they awaken during the
night and sleep during daytime hours. Okawa and col-
leagues (1987) studied four congenitally blind children and
observed free-running sleep-wake cycles in three and an ir-
regular sleep-wake rhythm in the fourth child. Despite at-
tempts to entrain the sleep-wake cycles in these patients to
a 24-hour rhythm by the use of forced awakening, playing
musical instruments, and tactile stimulation, only two of
the children could maintain such a rhythm. The authors
concluded that concurrent severe mental retardation in
these children diluted the effectiveness of environmental
manipulation to serve as a synchronizer. Nevertheless, ex-
posure to bright light may have an effect on neuroendocrine
function and mood even in the context of blindness.
Czeisler and colleagues (1995) measured melatonin sup-
pression by bright light in 11 blind patients without light
perception in comparison to sighted controls. All of the sub-
jects were blind in both eyes due to retinal pathology, con-
genital glaucoma, or acquired eye injury. In three of the 11
blind subjects, melatonin secretion was reduced by nearly
70% following light exposure just as for control subjects.
Since these subjects were also unique in that they did not re-
port periodic insomnia, the authors concluded that the vi-
sual subsystem by which melatonin secretion is suppressed
may be functionally intact in some blind subjects despite
the absence of conscious light perception. Effects of light ex-
posure in blind subjects were also documented by Partonen
and associates (1995), who observed that subjective sleepi-
ness was reduced, and mood improved, in both controls
and blind subjects after exposure to 3300 lux of bright light
for 2 weeks. Differences did emerge, however, between
sighted controls and blind subjects with respect to the body
temperature response to light exposure.

There is a growing body of literature examining the ef-
fects of melatonin for sleep disturbance in persons with
blindness. A recent double-masked, randomized trial of
placebo, a physiological (0.14 mg) dose, and a pharmaco-
logical dose (2.2 mg) in a 7-year-old child with blindness
associated with birth asphyxia and septo-optic dysplasia
was noteworthy for significant improvement on the high
dose of melatonin only (Cavallo et al. 2002).

Behavioral and Developmental Consequences
of Blindness

The etiology and the timing of blindness or severe visual
impairment is of tremendous importance in terms of
predicting its developmental consequences, but few studies
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have looked specifically at developmental issues in children
with a homogeneous etiology for their visual impairment.

Motor Development

In terms of its effect on behavior and early development,
the absence of sight exerts profound influences on motor
and adaptive function. In their early studies of preschool-

ers, Nesker and colleagues (Nesker Simmons, & Davidson
1985) were overwhelmed by the stark contrast of the mo-
tor activity of blind children in comparison to children
with sight in a nursery setting. The nursery was described as
extraordinarily quiet and sterile-looking, with everything
remaining in its place even after the children had left. On
balance, the blind children were characterized as less
mobile, less verbal, and less socially aware than their 2- and
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TABLE 20.1
MILESTONES IN DEVELOPMENT OF SIGHT

Age Visual Responses and Capabilities

30–34 wk gestation Pupillary light reaction present, lid closure in response to bright light; vestibular eye rotations well developed.
0–1 mos Attends to light and forms, limited fixation ability (visual acuity approx. 20/400), can discriminate color red

from achromatic background; optokinetic nystagmus well developed, horizontal gaze.
Beginning oculomotor coordination.
Limited imitation of facial expression (tongue protrusion; open mouth).

1–2 mos Can follow moving objects and light, attend to novelty and complex patterns, stare at faces.
Beginning binocular coordination.

2–3 mos Eyes can fixate, converge, and focus.
Discriminate from among faces.
Color discrimination includes blue, green, yellow, orange, red.
Conjugate vertical gaze.

3–4 mos Smoother eye movements and improved acuity.
Can manipulate and examine objects.
Blink response to visual threat.

4–5 mos May shift focus from objects to body parts, attempt to reach for and approach objects. Explores the
environment visually, tracks objects across entire field of vision.

Development of binocularity (fusion and stereopsis).
Accommodation well developed, differentiation of fovea completed.

5–6 mos Can reach and grasp objects demonstrating eye-hand coordination.
6–7 mos Visual attention can shift from object to object, can reach for and retrieve dropped objects.

Eye movements become more fluid.
Stereoacuity at near adult level; iris stromal pigment well developed.

7–8 mos Can manipulate objects and look at results.
Can follow movements.

9–10 mos Excellent visual acuity, smooth accommodation.
Can hunt for hidden objects around corners and play looking games.

11–18 mos Ongoing refinement of optical skills and sharpening of acuity. Can put objects together.
Cornea 95% of adult diameter.

11⁄2–2 yrs Can match objects, point to objects in a book, imitate strokes and actions with writing instrument.
2–21⁄2 yrs Can inspect objects at distance, imitate movements of others, match colors and like forms. Visual

memory span is increased. Objects can be ordered by color.
Snellen letter acuity at adult level.

21⁄2–3 yrs Can match geometric forms, draw crude circles, insert objects in proper holes and assemble two puzzle
pieces.

Eyeball 95% of adult diameter.
3–4 yrs Can match identically shaped objects by size.

Demonstrates good depth perception.
Discriminates line lengths, can copy an X, discriminate most basic forms.

4–5 yrs Eye-hand coordination is further refined.
Can color, cut and paste, draw a square, and perceive detail in objects and pictures.

5–6 yrs Can perceive relationships in pictures, abstract figures and symbols.
Can copy symbols and match letters and words.

6–7 yrs Can identify and reproduce abstract symbols.
Perceive the constancy of letter and word styles.
Associate words with pictures and read words on sight.

Sources: Brandt, 1994; Gonzales and Dweck, 1994; Adams et al., 1994; Birch and Petrig, 1996; Thorn et al., 1994; Bloch and Carchon, 1992; van
Hof-van Duin et al., 1992; Robinson and Fielder, 1992; Meltzoff and Moore, 1983; Valenza et al., 1996; Serrano et al., 1992.
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3-year-old sighted counterparts. Moreover, the investiga-
tors were also impressed with the degree of intervention re-
quired on the part of mothers or staff to encourage blind
children to participate in activities other than stereotyped
rocking, eye rubbing, or meaningless repetitive speech.
These observations were interpreted to underscore the par-
ticularly important role that a blind child’s care providers
and the surrounding environment must play in facilitating
developmental progress. Gross motor function appears to
be uniformly delayed in blind children (Davidson 1983;
Levtzion-Korach et al. 2000). The greatest delays are evi-
dent early, including precrawling, sitting, pulling to stand-
ing, and walking. Nearly all blind children reviewed by
Davidson (1983) had substantial lags in the onset of walk-
ing that did not appear until a median age of 20 months.
Levtzion-Korach and colleagues (2000) suggest that envi-
ronmental enrichment may be helpful in hastening motor
development, but caution that motor delays should be ex-
pected in children with blindness.

Social Development and Adaptive Function

In part, stereotyped and other self-stimulatory or mal-
adaptive behaviors may be more frequently observed in
visually impaired children because of the differences ob-
served in how they bond to caregivers and form social
attachments. For example, blind infants smiled at a care-
giver’s face only inconsistently, even at the age of 12
months and reacted to separation between 11 and 20
months of age. This represents a delay of approximately 6
months compared to their sighted peers (Davidson 1983).
Warren (1994) notes that development of attachment is
dependent not only upon the visually impaired child’s
construct of parents as distinguished from other persons,
but also the parents’ responsiveness to a child having a
disability. In combination with other factors, such as ex-
tended hospitalization as a result of prematurity, effects
upon the existing family structure, or financial strains,
parents may be faced with numerous unanticipated diffi-
culties in bonding with their disabled child. Compound-
ing these stresses is the emotional readjustment associated
with the “imperfection” of their infant. Observation of
mother–infant interactions indicates that blind children
receive less positive and more negative vocalization and
affect from their mothers than sighted controls (Rogers
and Puchalski 1984; Warren 1994).

Generally, the social maturity scores of children with vi-
sual impairments are lower than their age-matched sighted
peers (Warren 1994). In a study comparing the social skills
of visually impaired adolescents to sighted peers through
the use of role plays, interviews, and rating scales, Van Has-
selt, Hersen, and Kazdin (1985) found that, as a group,
adolescents with visual impairment asked fewer open-
ended questions, spoke for longer durations in social inter-
actions, had greater speech disturbances, and experienced
greater difficulty being assertive. Cole, Jenkins, and Shott

(1989) found that congenitally blind children were just as
able to mask disappointment as their sighted peers. They
had a greater tendency to make neutral comments or
change the topic, and paid less attention to the quality of
their facial expressions or awareness that others might
“read” their expressions. Thus, some specific differences in
social behavior are likely a product of the loss of visual in-
formation. Unfortunately, social development and adjust-
ment have been inconsistently assessed in young blind
children, despite evidence that problems presenting later
are rooted during these formative years. Child and parent
interviews, observations in naturalistic settings (home,
school), and role play tests should all be considered for any
visually impaired child who evidences deficits in social
functioning.

Language Development

Preisler (1993) examined the development of communica-
tion in a cohort of blind children in comparison to children
with deafness. She found that the development of commu-
nication was delayed in the blind infants and concluded
that visual stimulation in infancy probably plays a more
critical role in comparison to auditory stimulation in terms
of its promotion of mother–infant interactions (Preisler
1995). Preisler further observed that in the period of early
infancy (up to age 18 months) blind children did not use
gestures like pointing or showing, gestures that would fa-
cilitate for caregivers the ability to understand preference
and interest. The absence of these eye, finger, or hand-
pointing gestures in blind infants challenges the ability for
parents to elaborate on the expressed interests of their chil-
dren by referring to mutually discernible external events.
Although blind children may “point” with their head or
upper torso in response to sounds, such gestures may fre-
quently be lost or not understood by parents, resulting in
the recommendation for specific education of caregivers
with the use of video (Preisler and Palmer 1989; Preisler
1990). McConachie and Moore (1994) found delays in
early language development in children with severe visual
impairments. The ages at which children with severe visual
impairment or blindness spoke their first word was at 15
and 18 months, respectively, with the first ten words being
spoken at approximately 20 months of age for both groups.
The latter compares to a 10-word vocabulary emerging at
15 months in a control group of sighted children. These au-
thors also noted that the content of blind children’s initial
vocabulary differs subtly in quality in comparison to
sighted children. There is reported to be a relative increase
in the use of verbs, particularly to those referring to the chil-
dren’s own actions as well as an increased use of specific
names instead of generalized labels for classes of objects or
functions. In his review of the development of language in
blind children, Hodapp (1998) elaborates on this point il-
lustrating that “doggie,” for example, may refer only to the
blind child’s pet, and not to dogs in general. While these
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observed differences in language could logically follow
from the unique ways in which blind children must experi-
ence the world (Bigelow 1987), there may also be differ-
ences in cognitive abilities which may further influence the
acquisition of language. Although it was once believed that
blindness predisposed to the late acquisition of personal
pronouns and other personal reference terms as well as fre-
quent pronominal reversal, recent work has called this no-
tion into question (Perez-Pereira 1999).

Cognitive Development

While blind children may progress through Piagetian stages
of development in the same sequence as do sighted chil-
dren, their development appears to be relatively slowed in
comparison to sighted children particularly insofar as tasks
involving classification and conservation are concerned
(Hodapp 1998). Between 3 and 15% of the blind popula-
tion are believed to function at or below the range of mild
mental retardation, and intellectual disability is particu-
larly common among children with blindness secondary to
retinitis of prematurity and deaf-blindness due to rubella
(Davidson 1983).

In terms of measuring intellectual functioning however,
there are many problems that come with attempting to
adapt intelligence quotient (IQ) tests to the population
with severe visual impairment. Because of the inability to
use subtests that rely on performance, many IQ instru-
ments are simply inappropriate for persons with severe vi-
sual impairment. Some investigators have long cautioned
against the widespread use of the Wechsler verbal scales to
assess visually impaired children (Ammerman et al. 1986;
Bauman and Kropf 1979; Margach and Kern 1969), and
more recently Warren (1994) notes that use of verbal IQ
tests, while common, is inappropriate for testing the intel-
ligence of visually impaired children. In doing so, examin-
ers ignore the existence of certain aspects of intelligence
that cannot be captured by purely verbal means. The
Perkins-Binet, a modification of the original Stanford-Bi-
net, has items specifically selected for their appropriateness
with children with visual impairment. Two versions have
been developed: Form N for blind children and Form U for
the partially sighted (Ammerman et al. 1986). The need for
different versions is highlighted by Hull and Mason
(1995), who found that congenitally blind children who
had no better than light perception consistently did better
on verbal memory tasks than did children with acquired
blindness. Finally, some investigators have advocated using
a “functional-ecological” or “behavior-analytic” approach
as opposed to using test measures that have been insuffi-
ciently normed on visually impaired populations, particu-
larly in the assessment of educational and social skills
(Downing and Perino 1992, Van Hasselt 1985).

Beelman and Brambring (1998) described a home-based
early intervention program for ten children (average age of
12 months) with congenital blindness and their parents

that addressed blindness-specific issues like tactile and au-
ditory object perception, and spatial orientation and mo-
bility. Approaches were individualized based on assessment
of the children’s developmental level. Parents were also of-
fered problem-oriented counseling as well as guidance and
training on parent–child interactions like remaining in call-
ing distance, verbal accompaniment of activities performed
with the child, intensive body contact with the child, and
guiding hands from behind when carrying out exercises or
playing games. The intervention team visited families every
2 weeks for an average of 2 years. Results were quite mixed.
Children who were born prematurely did not seem to ben-
efit, but others showed significant acceleration of develop-
ment, particularly with respect to orientation and mobility
and cognitive and socioemotional development.

Neuroanatomy of Blindness and Behavior

It is possible to distinguish different behavioral presenta-
tions among children blind from damage to the retina, the
anterior visual pathways, visual cortex, visual fields, and dis-
orders of oculomotor control (Good and Hoyt 1989). Eye
pressing is a behavior associated with retinal disease which
is common in blindness (Williams 1969). Jan and col-
leagues (1983) examined a large cohort of blind children
and found that eye pressing occurred exclusively in the
context of retinal damage; specifically, Leber congenital
amaurosis, retinitis of prematurity, retinal dysplasia, or reti-
nal infections in utero. Children who engage in chronic eye
pressing behavior may develop orbital fat atrophy or the or-
bits may in fact enlarge from the sustained pressure result-
ing in the appearance of sunken eyes. Jan and colleagues
(1983, 1994) suggested that children engage in eye pressing
behavior to stimulate visual cortex and took support for this
assertion from the observation that children with defects in
the visual pathways or with cortical atrophy do not engage
in eye pressing. Additional support may be taken from the
recent report of electrical stimulation of the retinal surface
in patients blind from retinitis pigmentosa, which yielded
light perception (a spot of light) localizing to the area stim-
ulated (Humayun et al. 1996).

“Overlooking” behavior is the term given to describe the
position a child with macular disease might adopt in lifting
the chin up and appearing to look above the object of inter-
est. This behavior occurs in the absence of nystagmus and
has been interpreted by Taylor and colleagues (1983) as a
compensatory response to the presence of some residual vi-
sion in the inferior fields. Some behaviors in blind children
have also been linked to diseases of the anterior visual path-
ways and roving eye movements are one example. Typically
these slow drifting movements are present from birth and
indicate a lack of central fixation (Good and Hoyt 1989).
The slow drifting nature of these movements makes them
readily distinguishable from nystagmus, and roving move-
ments and nystagmus do not coexist. Among children with
visual impairment from cortical defects specific behaviors
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that may be observed are influenced in part by the fre-
quently coexisting generalized brain damage and attendant
neurologic abnormalities. Children with cortical impair-
ment seem to prefer colors over shapes (Jan et al. 1987), and
this preference is taken to derive from the bilateral repre-
sentation of color vision, that is, color vision would be
spared except when a very large cortical lesion is present.
Children with visual impairment from cortical pathology
also typically turn their heads away from an object when
reaching to grab it, seeming to prefer peripheral vision over
central. The anterior striate cortex is the cortical area that
typically represents the peripheral visual field (Benton et al.
1980) and because it is often spared in cases of even severe
cortical visual impairment, this may account for the head-
turning by some children with cortical visual defects.
“Blindsight” is the term given to explain the observation
that cortically impaired children can sometimes ambulate
and avoid objects even in the absence of detectable cortical
vision (Campion et al. 1983). It is suggested that such blind-
sight might derive from the presence of an extrageniculos-
triate visual system, and while its specific function is de-
bated, it has been suggested that such a system could
mediate the unconscious awareness of motion in the pe-
ripheral field, spatial localization, and visuospatial orienta-
tion (Good et al. 1994; Brodsky, Baker, and Hamed, 1996).

Blindness, Stereotypy, and Autism

Stereotyped behavioral traits occur in the majority of children
with blindness (Fazzi et al. 1999). Janson (1993) reviewed
the link between retinal pathology and abnormal and stereo-
typed movements in children with blindness secondary to
the retinitus of prematurity. Indeed, others have noted that
children with congenital blindness are often at risk for be-
havioral and emotional disturbances including withdrawal,
isolation, and even symptoms of autism. One survey of 24
congenitally blind children drawn from special schools
found that nearly half of the sample of 3- to 9-year olds met
criteria for autism (Brown et al. 1997). Some symptoms of
autism in such populations occasionally are referred to as
blindisms and include repetitive stereotyped behaviors and
echolalia-like imitations as well as pronoun reversal, social
withdrawal, and frequent self-stimulatory behaviors. As
noted by Good and Hoyt (1989), and more recently by Fazzi
and colleagues (1999), eye pressing and finger waving may
actually heighten the sensitivity of retinal ganglion cells, ap-
pear to offer sensory input, and should not be viewed as in-
herently pathological. Janson (1993), too, suggests that such
behaviors are normative in the blind population. Develop-
mentally, eye rubbing, rocking, swaying, head turning and
stereotyped hand gestures usually appear at the end of the
first or during the second year of life. In comparison to chil-
dren with autism, in blind children diagnosed with retinitis
of prematurity, general development is frequently delayed
and occasionally experienced as deviant. But while blind chil-
dren may have difficulties in initiating interaction, they may

respond normally when contacted. The lack of functional
communication in some children with autism and their
stereotyped manipulation of certain objects is not character-
istic of children with retinitis of prematurity or blindness
from other causes (Sakuma 1975). That said, the incidence of
autism in the context of blindness appears to be much greater
than that in the general population (Hobson and Bishop
2003), and specific causes, such as retinitus of prematurity
and Leber congenital amaurosis, may also be predisposing
factors for autism (Rogers and Newhart-Larson, 1989).

The specific topography, rate of occurrence of stereotypy,
and even the degree to which it interferes with attention and
learning is generally not a good diagnostic indicator to de-
termine whether a visually impaired child also has autism.
That said, Hobson and Bishop (2003) studied the relation-
ship between blindness and autism and suggested that the
many sources of social impairment that come with blind-
ness, both physical and environmental, may lead to impov-
erished interpersonal experiences that could predispose to
autism. These investigators are nonetheless clear, however,
that there are blind children who do not have autism, but
who still have marked impairment in interpersonal engage-
ment. Other factors, then, such as (1) echolalic and/or
repetitive verbal behavior; (2) significant delays in social de-
velopment, especially cooperative play and use of symbol-
ism in toy play; (3) excessive need for sameness in activities,
routine, or physical environment; (4) extreme tantrum be-
havior when attempts are made to change routine or redi-
rect while engaged in ritualistic or stereotypic behavior; (5)
excessive avoidance of physical contact and/or extreme
clinginess with primary caregivers; and (6) unusual postur-
ing or mannerisms are more significant determining criteria
in the differential diagnosis of autism than the presence of
stereotypic behaviors alone.

Blindness and Maladaptive Behaviors

In addition to stereotyped behaviors noted previously,
maladaptive behaviors may occur in the context of blind-
ness. Concurrent mental retardation increases the likeli-
hood for self-injurious behavior, for example, which may
be expressed as hand and arm biting; head-banging; hits to
the head or body; dropping to the ground; skin picking,
scratching, and excessive hand mouthing causing skin
breakdown. Blind children are sometimes highly reactive
to the sudden presence of others around them and may
startle by headbutting or lashing out with their arms or
hands (Van Hasselt 1987). Hitting, scratching, and pinch-
ing others has also been reported (Vollmer et al. 1992).
Such behaviors place those around the child at risk for any
number of injuries. Children with visual impairment may
also reject objects presented to them by throwing the ob-
jects indiscriminately. Other impulsive behaviors may oc-
cur; for example, staff and parents working with visually
impaired children have reported being struck in the face,
nose, or chin as children jerk their heads quickly backward,
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striking the unprepared. In beginning orientation and mo-
bility training with children and adolescents, especially in-
dividuals with concurrent language deficits who may not
be able to perceive where others are in space, caregivers face
the risk of being struck by a walking cane.

Psychopathology in Blindness

Blindness appears to be a risk factor for the development
of behavioral and psychiatric disorders in children and
adolescents but studies of psychopathology in blind chil-
dren are few. Blacher and colleagues (1992), examining
the factors that result in out-of-home placement for chil-
dren with mental retardation, found that blindness alone
was not highly contributory. Age (older children were
more often placed), degree of retardation, reduced adap-
tive behavior, and increased maladaptive behaviors were
much more significant factors resulting in placement.
These data support Williams’ (1969) inferences drawn
from placements out of home and in hospital among chil-
dren in England and Wales with severe visual defects, that
upwards of 30% probably had some behavioral “malad-
justment.” Fine (1968, in Williams 1969) also observed
similar percentages. Williams (1969) was clear in suggest-
ing that there are no symptoms of psychiatric disorder
unique to the child with blindness. Neurotic disorders,
conduct disorders, autism, and hyperactivity could all be
diagnosed in blind children. Reviewing the diagnoses as-
sociated with blind children between 7 and 13 years of
age referred for psychiatric consultation (N � 17),
Williams recounted nine cases of “free floating anxiety.”
aggressiveness (N � 8), irritability and distractibility (N �
8), and overactivity (N � 5). Although five of the children
were said to exhibit autistic behavior, the diagnosis of
autism was made in only one.

In their classic study, Jan and colleagues (1977) examined
children and adolescents in British Columbia who met crite-
ria for legal blindness. No exclusions were made in the pres-
ence of additional handicapping conditions and while these
children were compared with a gender and age matched con-
trol group, they were not matched for IQ. The study also pre-
dated current diagnostic criteria for mental disorders, but
global psychiatric assessments are listed in Table 21.2.

In addition to the previous distribution, 7% of the sam-
ple were judged to have abnormalities in thought process as
judged by loose associations, another 7% were found to be
pathologically preoccupied with certain topics, and 23% of
the children were said to lack a sense of humor, being char-
acterized as excessively serious. Nearly one third of the chil-
dren examined had received some tranquilizing drug (un-
specified), and one fifth of the sample continued to receive
a psychoactive medication at the time of the study (exclud-
ing anticonvulsants) in comparison to 1% of controls. This
study was also important in suggesting that the degree of
visual impairment tended to impact on the likelihood of
psychopathology, with the totally blind experiencing more

dysfunction than their partially sighted peers. Ammerman
and colleagues (1986) made the important point that some
characteristics of blind children identified as pathologic,
such as high scores on indices of anxiety, may in fact be ap-
propriate responses to blindness when, for example, the fear
in question includes a worry about running into things.
Similarly, elevated measures of dependence may also be ar-
tifacts of the reality that finds children and young adults
with blindness frequently dependent on supports from oth-
ers in the environment to make their way in the world.

Indeed, because many parents may feel ill-equipped to
adapt to the special needs of their visually impaired infants,
they may unintentionally foster social dependence and in-
hibit haptic exploratory search in their children as they de-
velop. Clinicians working with blind children should an-
ticipate parents having difficulty leaving their child alone
for the testing session, wanting to hold their child’s hand
during an interview, and having difficulty not answering
for their child. While these protective behaviors are by no
means universal, they underscore the importance of early
intervention programs to teach parents how to permit their
children to develop competence and independence.

Assessing the Need for Treatment

Treatment of the child with blindness should always follow
from a comprehensive evaluation. In the context of devel-
opmental disabilities, and blindness in particular, a multi-
disciplinary approach is essential. Medical problems may
present as behavioral difficulties, and the latter may occur
as side effects of medical treatment. It does little good to
bring a visually impaired, developmentally delayed child to
a psychiatrist’s or internist’s office for medication evalua-
tion, unless the purpose of the visit is to observe how
the child reacts in novel, unfamiliar environments or to
examine the child for particular medication side effects. A
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TABLE 20.2
PSYCHOPATHOLOGY IN CHILDREN WITH
SEVERE VISUAL IMPAIRMENT (N � 86)

Diagnosis n* %

Normal 37 43
Mental retardation 16 18.6
Developmental disorder 13 15.1
Adjustment reaction 9 10.5
Personality disorder 7 8.1
Behavior disorder 6 7.0
Organic brain syndrome 5 5.8
Psychosis 3 3.5
Neurotic reaction 3 3.5
Special symptom reaction 2 2.3

Source: Adapted from Jan et al., 1977.
*15 children received two diagnoses.
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treating clinician will receive far more useful data by ar-
ranging for involved persons to collect observational data
on selected target symptoms. To this end, teachers and par-
ents, occupational therapists, nurses, social workers, psy-
chologists, pediatricians, ophthalmologists, and child psy-
chiatrists best function as a team in their approach to the
child with blindness.

In determining whether children with visual impair-
ments exhibit behavior that requires the attention and in-
tervention of mental health professionals, it is necessary to
determine how the observed symptoms interfere with the
child’s development or ability to achieve greater indepen-
dence. Clinicians may wish to ask themselves the questions
summarized in Table 21.3 regarding a presenting symptom.

If the behavior does appear to meet criteria for interven-
tion, several factors must be considered initially: Is the be-
havior a symptom that may be treated medically? In chil-
dren lacking effective language skills, self-injury may reflect
their underlying physical discomfort, such as an ear infec-
tion. Clinicians should look for recent changes in the
child’s sleep, health, diet, or general level of functioning.
Recent significant environmental or social changes (i.e.,
parents divorced, move to new home, arrival of new sib-
ling, etc.) may also affect adaptive functioning. “Setting
events” may also be an influencing factor. Such events refer
to antecedent social or environmental conditions that alter
the probability of behavior in the child’s repertoire occur-
ring (Durand 1990; Twardosz 1985). Increased problems
may occur with students if their favorite staff happens to
have the day off. Sometimes poor sleep is a problem, par-
ticularly in totally blind individuals. Insomnia may predis-
pose them to irritability, poor attention span, and other
behaviors, that may again increase the likelihood of mal-
adaptive behaviors occurring.

Often children with both developmental delay and vi-
sual impairment develop fears associated with transitions
between settings or activities. This difficulty can be com-

pounded by the fact that different caregivers may be teach-
ing the child at any given point in time and may not be suf-
ficiently consistent in how they transition the child from
one activity or place to another. In examining why transi-
tions are difficult for students, it may be helpful to consider
the following factors (Wright et al. 1994): (1) What is the
child’s tolerance for noise, physical crowding, changes in
routine (Environment). (2) How do staff or peer interac-
tions affect them? Does having different caregivers around
make a difference? (Social). (3) What is the child’s ability to
communicate when frustrated? Are they ever with individu-
als who cannot understand how they communicate? (Com-
munication). (4) What is their frustration tolerance level,
how well do they control impulses, how do they respond
when confronted with sudden changes? (Emotional). (5)
How do they explore their environment, how long can they
pay attention? What are the best ways to help them stay fo-
cused and motivated? (Cognitive). (6) How are transitions
handled? What does waiting do to them? Do they under-
stand where they are going and why? (Task-related).

Psychotherapeutic Interventions

There has been considerable growth and sophistication in
the types and breadth of methods used in behavioral treat-
ment. What began as consequence-driven, behavior reduc-
tion techniques involving punishment, aversive stimula-
tion, or time-out has evolved into a multifaceted, highly
positive, treatment approach. Behavioral treatment ap-
proaches should be a standard part of any treatment plan
designed for the amelioration of stereotypic, self-injurious,
and disruptive behaviors in children, and a growing litera-
ture attests to successful applications in treating children
with visual impairment (Van Hasselt 1987). These treat-
ments are derived from theories of social learning, classical
and operant conditioning, and cognitive restructuring, and
detailed reviews can be found elsewhere (Martin and Pear
1996; Thorpe and Olson 1990; Bellack and Hersen 1985).
Contingent positive reinforcement is the most widely re-
searched and effective tool available to caregivers working
with visually impaired children. Review of treatment ap-
proaches for managing self-injury, stereotypic, and disrup-
tive behaviors (Van Hasselt 1987) indicated over two thirds
of the studies from 1970 on used positive reinforcement as
part of the treatment of persons with visual impairment.
For reinforcement to be effective, it must immediately fol-
low the behavior to be increased. Having a child sign “eat”
then taking him or her across the hall to receive food might
be effective for a well-established behavior, but would be
much less likely to teach the child to make the connection
initially, resulting in an increase in spontaneous signing. To
maximize the effectiveness of positive reinforcement, it is
important to: (1) specify the exact behavior targeted for
reward; (2) provide reward or signal the availability of
reward immediately following emission of the target
behavior; (3) vary the availability of reinforcing stimuli
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TABLE 20.3
ASSESSMENT OF NEED FOR BEHAVIORAL
INTERVENTIONS

Behavior Example

Potentially of harm to Eye poking; darting into
the child? traffic; self-injurious behavior

Dangerous to others? Startle-induced aggression;
throwing objects; head-butting;
scratching; pinching

Impairs acquisition of new Stereotypies; noncompliance
skills or behaviors?

Limits independence? Difficulty with transitions; fear
of separation

Distress to the individual? Sleep disturbance; excessive fears
Disruptive to others? Screaming; public masturbation
Socially inappropriate? Taking others’ food
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and activities; (4) replace contrived rewards with naturally
occurring rewards as the behavior becomes more frequent;
(5) reduce the number of times the behavior is rewarded as
it becomes more firmly established in the child’s repertoire.

For children with sufficiently developed language skills,
cognitive functioning, and the ability to form social attach-
ments, supportive psychotherapy may be a useful addition
to behavior therapy (Anders and Walton 1983). Often, it is
necessary to work with families who may be reacting to the
stress of having a handicapped child to help them cope more
effectively with feelings that may prevent them from effec-
tively participating in their child’s behavioral treatment.

As with sighted individuals, exercise may be of benefit for
visually impaired and blind individuals. Hanna (1986)
reported that blind school children exhibit significant dif-
ferences in lateral posture, biological functioning, and car-
diovascular endurance relative to their sighted peers, and
recommended recreational activities that make moderate
demands on the cardiovascular system. Gleser and col-
leagues (1992) found that judo practice, in combination
with group psychotherapy, occupational therapy, and phys-
iotherapy, benefited school-aged mentally retarded blind
children who exhibited improvement in developmental
and motor skills as well as their social attitude. O’Cleirigh
and colleagues (1994) also endorsed noncontingent exer-
cise as an intervention warranting further attention.

Social Skills Training

Next to self-injurious and stereotypic behaviors, Van Has-
selt (1987) found that the majority of studies in his review
of behavioral treatments for blind children focused on
disruptive behaviors. It is thus necessary to be sure that
children and adolescents learn what is considered socially
offensive behavior and learn how to suppress such behav-
iors in certain settings. Otherwise, others in the community
will be less likely to interact with these individuals, in-
creasing their sense of isolation and withdrawal. As re-
ported by Van Hasselt (1987), maladaptive behaviors do
not usually disappear on their own, but continue to inter-
fere with interactions with others and with learning.

Treatment to improve social skills does not need to be
burdensome or complicated. Providing increased opportu-
nities for social interaction through prompting by teachers
or parents is likely to result in the initiation of peer interac-
tion and, once it begins, it is more likely to be sustained
through continued positive feedback. Breaking certain activ-
ities down and providing assistance that is gradually reduced
may also be helpful. Van Hasselt (1987) indicated that im-
provement in assertiveness skills could be accomplished
with visually impaired female adolescents in less than a
month. Sessions occurred five times weekly for 15 to 30
minutes and included modeling, direct instructions, behav-
ioral rehearsal, performance feedback, and manual guid-
ance. Targeted behaviors evidencing change included direc-
tion of gaze, posture, voice tone, and requests for behavior

change. A one-month follow-up evaluation showed a retreat
toward baseline in some responses; however, once “booster”
treatment sessions were implemented, further follow-up in-
dicated these behaviors had returned to posttreatment levels.
This experience highlights some of the primary considera-
tions in improving prosocial behaviors: (1) Assessment is
critical and specific behaviors to be changed must be tar-
geted; (2) A single approach is less likely to be effective than
a treatment package; (3) The techniques are not time-
consuming or complex and may be implemented in a vari-
ety of situations; (4) Maintenance of treatment gains may
require booster sessions; (5) Once social behaviors are es-
tablished, naturally occurring consequences are likely to
maintain such behaviors, but only if the child has sufficient
opportunity to interact in a social environment.

Psychopharmacology

Little has been written about the use of psychotropic
medications in children with blindness or severe visual
impairment. It is well known, however, that there are
ophthalmic effects of medications commonly used to treat
mental disorders and, in particular, in the context of se-
vere visual impairment, medications which impair accom-
modation have the potential of exerting significantly
greater impact than would the same drugs administered
to children with more in the way of visual reserve. Medi-
cations well known for such anticholinergic side effects
include the tricyclic antidepressants, but the mood stabi-
lizers, lithium carbonate and carbamazepine, as well as
the neuroleptic drugs all have the potential to impair vi-
sual acuity through this mechanism. Sanabria-Bohorquez
and colleagues (2001) have observed decreased cerebellar
benzodiazepine receptor density in early blind subjects.
There did not appear to be cortical differences in receptor
density as assessed by flumazenil binding. The clinical im-
plications of these observations are unclear, but may sug-
gest a potential for differential sensitivity to therapeutic
and motor or other side effects of benzodiazepines in per-
sons who became blind early in life.

Geringer (1994) has reviewed psychiatric considerations
in ophthalmology and noted a variety of potentially signifi-
cant ophthalmic effects associated with commonly used psy-
chotropic agents. While most of these effects have greater
implications for adults with visual impairment, for example
concerns about the use of agents with anticholinergic effects
in the context of narrow angle glaucoma, it is worth noting
that a variety of side effects with regard to the visual system
have been described. These include for the antidepressants
bilateral internuclear ophthalmoplegia (doxepin and
amitriptyline), palinopsia (trazodone), impaired smooth
pursuit eye movements, divergence paralysis and decrease in
saccadic velocity associated with benzodiazepines in general,
and glaucoma and allergic conjunctivitis associated with
diazepam in particular (Donhowe 1984; Hughes and Lessel,
1990, Arai and Fujii 1990; Hyams and Keroub 1977).
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Downbeat nystagmus, saccadic dysmetria, oculogyric crisis,
opsoclonus, unilateral gaze palsy, papilledema and eye irri-
tation all have been associated with lithium administration
(Corbett et al. 1989; Deleu and Ebinger 1989; Sandyk 1984;
Levine and Puchalski 1990). The use of carbamazepine has
been associated with downbeat nystagmus, retinopathy and
oculogyric crisis (Chrousos et al. 1987; Nielson and Syversen
1986). Among the neuroleptic drugs, oculogyric crises,
corneal and lenticular deposits, pigmentary retinopathy and
blinking blepharospasm, perhaps a tardive dyskinesia vari-
ant, have been reported (Hamilton 1985; Miller et al. 1982;
Sachdev 1989).

In addition to particular issues with regard to the use of
psychotropic medications in children with blindness,
there are also considerations that need to be kept in mind
with regard to the use of ophthalmic drugs and their pos-
sible psychiatric consequences. Among these drugs, the
medications most likely to cause psychiatric symptoms in-
clude anticholinergic agents used for pupillary dilation,
and beta-blockers, which may be used in the treatment of
glaucoma. Among the anticholinergic eyedrops widely
used are preparations of atropine, scopolamine, homat-
ropine and cyclopentolate hydrochloride. The latter is
most often associated with symptoms of irritability, rest-
lessness, agitation, insomnia, and confusion, as well as oc-
casionally more severe symptoms of depersonalization,
delirium, paranoid thoughts, memory loss, and visual hal-
lucinations (Geringer 1994). Among patients treated with
beta-blockers, typically timolol for glaucoma, approxi-
mately 10% may report psychiatric symptoms, which in-
clude light-headedness, depression, fatigue, dissociative
states, and loss of memory.

Conclusion

Research in the neurobiology of vision has contributed
much to our understanding of basic brain function. Ar-
guably, vision is the dominant sense in humans, and im-
pairment of this modality can significantly alter cortical
maps, sleep-wake cycles, and motor, language, and person-
ality development. Blind children are at risk for psychiatric
disorder. Advances in knowledge of the visual system have
informed therapeutic approaches, but considerable work
remains to advance our understanding of how best to pre-
vent and remediate blindness and its attendant develop-
mental consequences in children.

DEAF AND HARD-OF-HEARING
CHILDREN AND ADOLESCENTS

Definition of Hearing Loss

Deafness can at once be simple and quite difficult to de-
fine, and choice of terminology can have important con-
notations for individuals with varying degrees of hearing

loss. At the simplest level, “deaf” refers to the mechanical
characteristics of hearing loss, with individuals exhibiting
thresholds for sound detection sufficient to interfere with
ability to detect and decipher speech (approximately 60
dB or greater), while “hard-of-hearing” individuals have
lesser degrees of hearing loss such that they can still un-
derstand at least some speech, particularly with the bene-
fit of hearing aids. Beyond level of hearing, however, hear-
ing loss and associated terms such as deaf and hard of
hearing can be defined by additional mechanical features
including not only amount but also quality of residual
hearing, timing of onset, etiology, whether or not the
hearing loss occurs in isolation (nonsyndromic) or with
other symptoms (syndromic), educational experience,
linguistic choices, and cultural identification. In this dis-
cussion, hearing loss refers to the mechanical aspects of
audition, “deaf” or “deafness” refers to hearing loss suffi-
cient to prevent access to auditory inputs, “hard of hear-
ing” refers to a more modest hearing loss that allows for
auditory input, and “Deaf” refers to a cultural identifica-
tion of oneself with the deaf community, a recognized
cultural and linguistic minority. We avoid, however, the
term “hearing impaired,” as this has long been considered
by many deaf and hard-of-hearing individuals to be an at-
tempt by hearing professionals to concatenate two ends of
the spectrum of hearing loss for simplicity and to medi-
calize a “disorder” or “disability”; a premise with which
many such individuals disagree. The term can be consid-
ered offensive and clinicians are forewarned to remove
“hearing impaired” from their lexicon.

Mechanical features of hearing loss include degree of loss
measured in decibels (dB) and is described as normal when
thresholds are between 0 and 26 dB, mild 27 to 40 dB, mod-
erate 41 to 55 dB, moderately severe 56 to 70 dB, severe 71
to 90 dB, and profound for thresholds greater than 90 dB.
The pattern of hearing loss across the frequency spectrum
also plays an important role in the degree to which a child
has access to spoken language via auditory channels. With
primary speech frequencies ranging from 500 to 4,000 Hz,
losses outside of that range have less impact on ability to de-
tect and understand speech than losses within these speech
frequencies. Hearing loss is also characterized as either con-
ductive, sensorineural, or mixed. Conductive hearing loss
stems from defects or disruption in the external or, more
likely, middle ear components that conduct sound to the
sensory organ (cochlea) within the inner ear. Sensorineural
hearing loss stems from deficits in the inner ear or auditory
(VIII) nerve. The majority of children with clinically signif-
icant hearing loss have sensorineural losses.

Stability of hearing thresholds over time has important
implications for a child’s access to, and development of,
spoken language. Early intact hearing or only mild to mod-
erate loss is more likely to provide the child with access to,
and experience with, spoken language that can serve as a
basis for spoken language development, even when the
hearing loss progresses to a more severe degree once basic
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language abilities are developed. Quality of residual hear-
ing also impacts ability to detect and discriminate sounds.
It is possible to have a severe or profound hearing loss but
with good discrimination such that the child benefits well
from amplification, while it is also possible to have only a
moderate to severe loss with poor discrimination such that
amplification is unhelpful to the child in comprehending
speech via aural channels. Hearing loss can be further de-
fined by timing of onset, or as congenital, acquired prelin-
gual, or postlingual. Congenital and acquired prelingual
hearing loss is more likely to interfere with acquisition of
spoken language, while postlingual, as the term implies,
occurs after the child has developed spoken language.
Postlingually, or adventitiously, deafened children have
sufficient experience with their spoken language (e.g., En-
glish) to enable continued speech and knowledge of the
language of their hearing peers.

Hearing loss can further be described as occurring in iso-
lation (nonsyndromic) or with other symptoms (syn-
dromic), and can be hereditary or acquired via a number of
mechanisms, including intrauterine or neonatal infections
such as cytomegalovirus or Rubella, later infections such as
meningitis, or events such as anoxia. Certain hereditary
forms of hearing loss, particularly those that are syndromic,
are more often associated with other neurological deficits.
Intrauterine and postnatal infectious causes of hearing loss
are also often associated with neurological, behavioral or
psychiatric deficits.

Epidemiology of Hearing Loss in Children 
and Adolescents

The epidemiology of hearing loss is based on fragmentary
information (Nadol and Merchant 2001), but estimates
suggest that both the incidence and prevalence of deafness
are approximately 1 in 1,000. Although approximately 1 in
1,000 children are born with severe or profound deafness
(Fraser 1964; Kitson and Fry 1990), as many as one in 300
children are born with at least some degree of hearing loss
(Thiringer et al. 1984). Another 1 in 1,000 children become
deaf before adulthood (Petit and Weil 2001).

Etiology of Hearing Loss

Hearing loss has many causes, including hereditary factors,
anoxia, congenital and postnatal infections, and ototoxic
drugs. Although etiologies have historically been difficult
to determine and estimates vary widely across the few ex-
tant studies, substantial strides have been made in the past
decade in the identification of genetic causes. This, in com-
bination with interventions for prenatal infections such as
rubella and alternatives for ototoxic drugs, has led to a
marked increase in the incidence of known genetic causes
of hearing loss in children. Etiology of hearing loss is an
important historical factor in the clinical evaluation of deaf
and hard-of-hearing children, as certain etiologies are likely

to carry additional neurological complications such as vi-
sual, motor, or cognitive deficits.

Hereditary Deafness

The number of genes involved in development and func-
tioning of the hearing system are unknown, but is esti-
mated to number in the hundreds or as many as 1,000
(Nance, 1980). Over 350 different genetic conditions asso-
ciated with hearing loss are described in the literature (Mar-
tini, Mazzoli, and Kimberling 1997). These can be broken
down further into syndromic, comprising some 30% of
cases, and nonsyndromic, accounting for 70% of cases (Pe-
tit 1996). At least 50% of children born deaf have genetic
bases for their hearing loss, and 70 to 80% of these are au-
tosomal recessive, 15 to 20% are autosomal dominant, and
2 to 3% are X-linked or mitochondrial in origin (Morton
1991, Bussoli and Steel 1998). At least 30% of the causative
genes have been identified.

Syndromic Hereditary Deafness
There are several hereditary syndromes that feature sen-
sorineural hearing loss as a primary symptom, among them
Waardenburg’s and Usher’s syndromes. Although there are a
few recognizable syndromes involving hearing loss associ-
ated with in utero infection (e.g., rubella, cytomegalovirus),
the majority of cases of syndromic deafness are genetically
mediated.

Waardenburg’s syndrome is an autosomal dominant
genetic syndrome with four known subtypes (Nadol and
Merchant 2001). Hearing loss in Waardenburg’s syn-
drome varies, ranging from unilateral to bilateral and
across the hearing spectrum, with a characteristic low fre-
quency loss. Type I is associated with dystopia canthorum
and heterochromia iridis along with sensorineural hearing
loss and is attributed to a mutation of the PAX-3 gene at
2q35. Type II is similar in presentation but without
dystopia canthorum and is attributed to mutation of the
microphthalmia gene. Type III is referred to as Klein-
Waardenburg and is similar to Type I with added abnor-
malities of upper limbs and is attributed to the PAX-3
gene at 2q35. Type IV, or Waardenburg-Shah, is akin to
Type II but with Hirschsprung disease. The mechanism for
Waardenburg’s syndrome is thought to be genetically in-
duced abnormal migration of melanocytes from the neu-
ral crest, leading to defective development of the stria
vascularis and other cochlear structures (Merchant,
McKenna, Baldwin, Milunsky, and Nadol, 2001).

Usher’s syndrome is an autosomal recessive syndrome
categorized into three subtypes, each with congenital hear-
ing loss and onset of visual impairment later in life. Type I
is characterized by congenital profound sensorineural hear-
ing loss and onset of retinitis pigmentosa by age 10 years.
Type II includes a sensorineural congenital hearing loss
with a downsloping audiogram, no vestibular abnormali-
ties and retinitis pigmentosa by age 10 to 20 years. Type III
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is characterized by progressive sensorineural hearing loss,
some involvement of the vestibular system, and variable
onset of retinitis pigmentosa. Nadol and Merchant (2001)
describe several genetic mutations responsible for each
type of Usher’s syndrome.

There are many syndromic disorders attributed to inher-
ited mitochondrial DNA mutations that involve hearing
loss including MELAS syndrome (metabolic encephalopa-
thy, lactic acidosis, and stroke-like episodes), MIDD syn-
drome (maternally inherited diabetes and deafness),
MERRF syndrome (myoclonic epilepsy associated with
ragged red fibers), and Kearns-Sayre syndrome.

Nonsyndromic Hereditary Deafness
Autosomal-recessive inheritance characterizes 80% of
cases of nonsyndromic inherited deafness. Autosomal
dominant inheritance occurs in nearly all of remaining
cases, with X-linked and mitochondrial inheritance pat-
terns comprising approximately 1% of cases (Petersen
2002). Some 53 loci for nonsyndromic recessive forms
have been reported (Petit and Weil 2001), including a
mutation in the GJB2 gene, which may account for hear-
ing loss in as many as 50% of cases in some populations
(McGuirt and Smith 1999). With respect to dominant pat-
terns of transmission, 38 genes, consecutively numbered
DFNA1-38 (autosomal dominant sensorineural deafness)
have been mapped to 15 different chromosomes, whose
functions relate to hair cell formation, potassium recy-
cling into endolymph, several connexin (gap junction)
proteins, and others (Petersen 2002). Autosomal recessive
forms of deafness tend to be more severe, and sen-
sorineural in etiology in comparison to the conductive
loss that typifies most syndromic forms of deafness. Non-
syndromic causes of deafness are, almost by definition,
less likely to be associated with other neurological, cogni-
tive, behavioral, or psychiatric concerns.

Nonhereditary Causes

Although the incidence of non-hereditary forms of deaf-
ness continues to decrease, these are important etiologies
as they are often associated with other, sometimes severe,
neurological sequelae that affect behavioral, cognitive, and
psychiatric functioning in children. Hearing loss can result
from hyperbilirubinemia congenital infections such as cy-
tomegalovirus and rubella, postnatal infections such as
bacterial meningitis, prenatal, perinatal, or postnatal
anoxia, ototoxic drugs such as aminoglycosides during
pregnancy, or use of ototoxic drugs postnatally.

Congenital Infections

Select pathogens can infect the placenta and damage the
developing fetal central nervous system resulting in neuro-
logical disorders including sensorineural hearing loss. Of
the so-called TORCH infections (toxoplasmosis, others,

rubella, cytomegalovirus and herpes; Nahmias 1974), cy-
tomegalovirus (CMV) and rubella are the primary culprits.

Cytomegalovirus
CMV may be the most common cause of nonhereditary deaf-
ness. The incidence of acquired CMV infection in the popu-
lation is 1 to 2% per year, with nearly 100% of adults in-
fected at some point (Bale and Jordan 1989). The majority of
healthy individuals with acquired CMV infections do not ex-
hibit symptoms, and most infected neonates have no signs
of infection at birth. Some 10% of neonates exhibit symp-
toms including jaundice, hepatomegaly, splenomegaly,
rash, intrauterine growth retardation, and respiratory dis-
tress. Over 90% of these infants have neurological sequela,
including microcephaly, chorioretinitis, seizures, hypo/hy-
pertonia, cerebral palsy, mental retardation, and behavioral
disorders (Boppana et al. 1992; Noyola et al. 2001; Pass et al.
1980). Sensorineural hearing loss occurs in approximately
40% of infants with congenital CMV infection (Istas,
Demmler, Dobbins, and Stewart 1995). Imaging studies
have shown periventricular calcifications in approximately
50% of infants with intrauterine infection and may also
show periventricular leukomalacia, polymicrogyria, pachy-
gyria, or lissencephaly (Bale 2002).

Rubella
Until the introduction of the rubella vaccine in 1969,
rubella epidemics occurred at 6- to 9-year intervals and
resulted in thousands of cases of congenital rubella syn-
drome (Bale 2002). This was the most common cause of
hearing loss in children born in the early 1960s during a
rubella pandemic. Since the vaccine, however, the inci-
dence of congenital rubella syndrome has declined in the
United States to less than 0.1 per 100,000 births (Schluter,
Reer, Redd, and Dykewicz 1998). Unfortunately, rubella
prevalence in central and eastern Europe, particularly in the
former Soviet Union, has increased dramatically (Banat-
vala and Brown 2004). Moreover, recent concerns in the
United Kingdom and United States regarding the safety of
the measles-mumps-rubella vaccine have substantially re-
duced the uptake rate of the vaccine.

Infants born with congenital rubella syndrome exhibit a
broad spectrum of symptoms including sensorineural hear-
ing loss, cataracts, retinopathy, micro-ophthalmia, micro-
cephaly, cardiac defects (myocarditis, patent ductus arte-
riosus, valvular stenosis, and septal defects). Neurological
symptoms can include autistic features and mental retarda-
tion. Abnormalities are related to timing of infection dur-
ing gestation (Ueda, Nishida, Oshmia, and Shepard 1979):
cataracts and cardiac defects result from infection during
the first 8 weeks and hearing loss results from infection
during the first 16 weeks. Infections after the 16th week
have few known sequelae, although hearing loss can occur.
Although the incidence of congenital rubella syndrome in
the United States has declined, it is more likely to occur in
immigrants from countries without compulsory immu-
nization (Schluter et al. 1998).
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Herpes Simplex Virus
Neonatal herpes simplex infection occurs in 1 in 3,000 to
20,000 live births (American Academy of Pediatrics 2000)
and is typically a result of viral exposure during birth. Sen-
sorineural hearing loss results in most cases where the in-
fection presents in disseminated fashion, in some 40% of
children with encephalitis, and 25% of children with only
localized infections (Whitley and Hutto 1985). Hearing
loss in these cases is often accompanied by other neurolog-
ical symptoms, including mental retardation, visual im-
pairment, and seizures (Roizen 2003).

Other Etiologies

Bacterial Meningitis
Before vaccination programs, bacterial meningitis accounted
for the majority of hearing loss in infants and children
(Anderson and Taylor, 2000). While the incidence of specific
forms of the illness has markedly decreased since introduc-
tion of vaccination for Haemophilus influenzae type b menin-
gitis, there are as yet no vaccines for other forms of the dis-
ease, including pneumococcal meningitis, meningococcal
meningitis, and group B streptococcal infections, the most
common form of neonatal meningitis. While each form
tends to affect children at different ages (e.g., group B strep-
tococcal infections are often neonatal, while other forms
occur between 1 month and 4 years), the majority of child-
hood infections occur during the critical language develop-
ment period. For young children who contract meningitis,
mortality rates are between 4 and 10% (Grimwood, Nolan,
Bond, Anderson, Catroppa, and Keir 1996). Of the survivors,
some 40% exhibit acute neurological complications (Grim-
wood et al. 1996, Taylor et al. 1990), although the majority
have no residual effects (Taylor, Schatschneider, and Rich
1992). Hearing loss is the most common residual sequelae
of bacterial meningitis. Baraff, Lee, and Schriger (1993)
found that 16% of bacterial meningitis survivors had severe
or profound hearing loss. This may be accompanied, how-
ever, by other neurological sequelae including mental retar-
dation (6%), spasticity or paresis (4%), and seizure disorders
(4%). Cognitive, language, behavioral and academic diffi-
culties are seen in many children with histories of meningi-
tis, with acute phase neurological symptoms and persistent
hearing loss increasing risks for these difficulties. Longterm
deficits have been documented in language, fine and gross
motor function, perception, memory, executive function,
and academic skills in postmeningitic children. Although
language deficits may be associated with hearing loss itself,
they are also seen in postmeningitic children without hear-
ing loss, suggesting that language deficits may be a result of
meningitis infection that are further compounded by hear-
ing loss (Anderson and Taylor 2000). Anderson and Taylor
also note that deficits may change over time, such that gross
motor difficulties may be more apparent in the acute phase,
but fine motor, language, perceptual and behavioral diffi-
culties may emerge and persist in later years as environmen-
tal demands increase.

Prematurity
The incidence of sensorineural hearing loss as a result of
perinatal/neonatal complications has increased substan-
tially over the past 30 years, accounting for only some 2%
of children with hearing loss in the 1960s but some 27% in
the 1990s (Kile 1993). This is thought related in part to the
increased survival of high-risk infants. In a study of etio-
logical factors resulting in deafness in prematures less than
33 weeks gestational age, duration of intubation, ventila-
tion, oxygen exposure, and acidosis contribute significantly
to later hearing loss. Although bilirubin levels and amino-
glycoside levels were not in themselves associated with
later hearing loss, the risk of later hearing loss increased
significantly when acidosis and/or aminoglycoside use oc-
cured during peak bilirubin levels (Marlow, Hunt, and
Marlow 2000). (See also Chapter 23.)

Anatomy of the Hearing System

The human hearing system is composed of three distinct
components: the external, middle, and inner ear. The exter-
nal ear includes the auricle and external auditory canal,
bringing sound from the external environment up to the
tympanic membrane. The middle ear begins at the tympanic
membrane, which transduces sound vibrations, or airwave
pressure oscillations, into mechanical energy, transmitted
from the membrane through the three ossicles (malleus, in-
cus, and stapes) to the oval window. The oval window is the
entry point of sound to the inner ear. At the oval window,
the mechanical energy is again transduced to fluid vibra-
tions in the endolymph, a potassium-rich fluid that fills the
cochlea and the vestibule. The vestibule is responsible for
balance and includes the saccule and utricle, which respond
to linear acceleration, and three semicircular canals, which
respond to rotational movements. The cochlea and
vestibule contain sensory receptors termed hair cells or
stereocilia. The hair cells are covered by acellular mem-
branes: the tectorial membrane within the cochlea, otocon-
ical membranes for the saccule and utricle, and cupulae for
the semicircular canals. The hair cells and membranes move
in response to endolymph vibrations within the cochlea
and vestibule, resulting in depolarization and neurotrans-
mitter release into synapses corresponding to the hair cells.
This process generates signals that are transmitted along the
auditory nerve (VIII). Sound intensity or amplitude and fre-
quency or pitch are encoded via the hair cells in the cochlea,
which are arranged tonotopically with hair cells near the base
of the cochlea responding to high frequencies and those
near the apex of the cochlea responding to low frequencies.
This tonotopic organization is maintained throughout most
of the auditory perceptual system.

Once signals enter the central auditory system via the
auditory (VIII) nerve, they bifurcate at the cochlear nuclei
and superior olivary complex, or brainstem auditory
nuclei, into several separate monaural and binaural path-
ways. Monaural pathways capture spectral features (am-
plitude, frequency) of sound from one cochlea and arise
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from the cochlear nucleus, projecting via the acoustic stria
to the contralateral inferior colliculus. Binaural pathways
compare and contrast signals from both cochlea and are
responsible for localization of sound and discrimination
of sound in noise via two mechanisms: interaural timing
and interaural level differences. Lower frequency sounds
below 3,000 Hz are localized in space via timing differ-
ences from sound waves reaching the closer or more prox-
imal ear in an earlier phase than the distal ear, while
higher frequency sounds are loudest in the proximal ear
and attenuated slightly by an auditory “shadow” created
by the head. From a functional standpoint, binaural in-
puts are essential for sound localization and discrimina-
tion of foreground sounds from background noise. Thus,
while frequency and volume of sound may be preserved
in unilateral hearing loss, localization and discrimination
is affected.

Binaural processing begins in the superior olivary
complex, which receives ipsilateral excitatory input and
contralateral inhibitory input from the cochlea. This infor-
mation projects ipsilaterally to the lateral lemnisci where it
is projected to both the ipsilateral inferior colliculus and to
the contralateral lemnisci and on to the contralateral infe-
rior colliculus. At the inferior colliculus, binaural and
monaural pathways are combined and integrated and
passed to the medial geniculate nucleus in the thalamus,
which serves as a relay to the primary auditory cortex
(Brodmann’s area 41) in the posterior area of the superior
temporal gyrus. Tonotopic organization is maintained
within the auditory cortex, with low frequencies processed
rostrally and high frequencies processed caudally.

The inferior colliculus also has several projections to the
superior colliculus. This provides for integration of spatial
sensory information from somatosensory, visual and audi-
tory inputs. The auditory projections form an auditory map
of space that parallels that of the visual map.

Descending auditory pathways provide control of audi-
tory inputs and processing from the cortex down to the
cochlear nuclei and directly to the hair cells within the
cochlea. There are two primary pathways; one arising from
the lateral division of the superior olivary complex whose
function is not yet known, and one arising from the medial
division of the superior olivary complex that is involved in
modulating or attenuating sound from the cochlea.

Behavioral and Developmental Consequences
of Deafness

Hearing loss, by itself, does not have any direct behavioral
or developmental consequences. If a deaf or hard-of-hear-
ing child is brought up in a visual sociolinguistic environ-
ment at home and school that compensates for their hear-
ing loss, the child’s development would be within normal
limits. However, there are often indirect behavioral and de-
velopmental consequences of growing up with hearing loss
in a world that relies heavily on audition such as environ-

mental factors that hinder their language, academic, and
psychosocial development. There are negative conse-
quences when parents, teachers, and professionals have on
these children when they do not know how to deal with a
child or adolescent with hearing loss. These factors are dis-
cussed in depth in the following sections.

Motor Development

There is widespread agreement that deaf children’s early
gross and fine motor development is quantitatively and
qualitatively similar to that of hearing children (Paul and
Jackson 1993). In a study that focused on various aspects of
motor skill development in 201 deaf (mean hearing loss �
96.94 dB) children and adolescents (ages 4 to 18), it was
found that they had similar motor skills acquisition com-
pared to hearing peers (Dummer, Haubenstricker, and
Stewart 1996). Deaf children with sign language fluency
have been found to perform better on tasks that require
rapid manual speed compared to non-signers (Braden
1985, 1987). Deaf children of deaf parents are faster than
deaf children of hearing parents, who in turn are faster than
hearing children on these types of tasks (Braden 1988).

Language Development

Language access is perhaps the primary concern when deal-
ing with hard-of-hearing or deaf children and adolescents.
Some hard-of-hearing children are able to have full access to
spoken language when fitted with hearing aids. Other hard-
of-hearing individuals cannot understand speech from hear-
ing alone but with hearing aids or cochlear implants they can
lip read better; for example, the hearing aid or cochlear im-
plant can help them identify the differences between the
voiceless /s/ and voiced /z/ phonemes while lip reading.
There remain to be some who receive no obvious benefits
from hearing aids or cochlear implants. Those who do not at-
tain normal hearing with hearing aids and those with
cochlear implants often do not have the benefits of language
acquisition in the periphery and they have only limited access
to language when they are watching someone’s lips.

Lip reading requires more attention and effort than pas-
sive listening and often requires guesswork. For example,
one study demonstrated that deaf adolescents were able to
guess pseudosyllables correctly with 30% accuracy through
lip reading alone. The same subjects were able to correctly
identify key words in sentences with low predictability with
25.5% accuracy and in highly predictable sentences with
49.2% accuracy (Nicholls and Ling 1982). Hearing aids and
cochlear implants have been shown in a number of studies
to improve the accuracy of lip reading in some children and
adolescents (Geers and Brenner 1994). The intelligibility of
deaf and hard-of-hearing individuals’ speech varies widely
depending on degree of hearing loss, age of onset of hearing
loss, and how much the individual benefits from speech
therapy (Ellis and Pakulski 2003; Monsen 1983).
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Visual languages have emerged and visual codes have
been developed because of the difficulties of providing ade-
quate access to language through lip reading. American Sign
Language (ASL) is the language of North American deaf com-
munities (Padden and Humphries 1988). It evolved almost
200 years ago from its original pidgin form that included
French Sign Language (Langue des Signes Francaise), a sign
language that used to exist in Martha’s Vineyard, Mas-
sachusetts, and Native American Indian sign languages (Lane
1984). Over the time, it creolized into a natural language that
has a different grammatical structure than spoken English
(Liddell 1980, 1995) and is different from sign languages in
other countries, for example, British Sign Language.

The benefit of using ASL is that a child is able to learn a
visual language as their primary language and later learn
English as their second language (Hoffmeister 2000).
When deaf and hard-of-hearing children are in a signing
environment, they are able to passively acquire more lan-
guage skills when watching others communicate with each
other that they would otherwise miss in an auditory envi-
ronment. Deaf and hard-of-hearing children who are born
to deaf parents develop native fluency in ASL; however, less
than 5% of deaf and hard-of-hearing individuals have at
least one deaf parent (Mitchell and Karchmer 2002). They
achieve the same language development milestones in ASL
as children with no hearing loss (Caselli and Volterra
1994). Literature has shown that deaf children of deaf par-
ents often develop better English literacy skills than those
with hearing parents (Padden and Ramsey 2000) and it is
believed that having fluency in one language (ASL) helps
these children acquire a second language (English) at a
faster rate compared to deaf children who attempt to ac-
quire English as their first language.

There are visual codes that have been created to follow a
similar word order as spoken English but involve different
phonological and morphosyntactical structures such as
Manually Coded English and Signing Exact English (Lucas
and Valli 1989). They have been created to remove the
need for bilingual education although English sign systems
cannot achieve the exact same grammatical structure as En-
glish. There is also another coding system that minimizes
the grammatical differences between its visual form and
spoken English; that is, the cued English or cued Speech
system (Cornett 1967, Fleetwood and Metzger 1998). The
cued English system provides visual phonemes in the form
of hand shapes, hand placements, and mouth shapes.
While it is phonologically different from spoken English, it
follows English’s phonemic sequence and it shares the
same morphological and syntactical structure. Deaf adoles-
cents who use cued English have been shown to guess
pseudosyllables and key words in low predictable and high
predictable sentences with 83.5%, 96.2%, and 96.6% accu-
racy, respectively (Nicholls and Ling 1982). Similar results
were found in a study with deaf children from Belgium
who used cued French (Périer, Charlier, Hage, and Alergia
1990).

It is important for early detection of hearing loss and im-
mediate accommodations in the home to provide language
access and early educational intervention to treat their lan-
guage delay. Deaf children who are born to a household
that does not use a visual language almost always have a de-
lay in their language development. The average age that
hearing loss is detected is approximately 18 months
(Mertens, Sass-Lehrer, and Scott-Olson 2000). The child’s
need for visual access to language usually is not addressed
in the first 2 years of their lives. Often after diagnosis, pro-
fessionals attempt to correct their hearing rather than fo-
cusing on providing visual access to language (with or with-
out hearing aids or cochlear implants), which further
hinders their language development.

The delay of deaf and hard-of-hearing children’s English
development includes their literacy development. The
most recent national survey of 17- to 18-year-old deaf and
hard-of-hearing students’ reading achievement found the
average reading level to be at the 4th grade equivalent
(Holt, Traxler, and Allen 1997). If a psychiatric (i.e., lower
intelligence) or neurological (i.e., cerebral palsy, epilepsy)
disorder is also present, it can exacerbate the language de-
lay. Often deaf and hard-of-hearing children are given a pri-
mary diagnosis of a learning disability and/or attentional
disorder that is actually secondary to language delay. Deaf
and hard-of-hearing children with limited access to lan-
guage and a language delay often have difficulty paying at-
tention or sitting still in class.Their academic development
is often below their cognitive potential. Differential diag-
nosis is very difficult and many deaf and hard-of-hearing
children are misdiagnosed with these types of disorders.

Cognitive Development

Myklebust (1964) proposed that the lack of auditory stim-
ulation experienced by deaf individuals shifts the cognitive
organization within the individual. Event-related potential
(ERP), functional magnetic resonance imaging (fMRI), and
cognitive behavioral studies have confirmed this hypothe-
sis (e.g., Bavelier, Tomann, and Hutton 2000; Neville and
Lawson 1987a, 1987b, 1987c; Proksch and Bavelier 2002).
The cognitive reorganization of some functions does not
seem to have an impact on intellectual functioning. Deaf
and hard-of-hearing individuals’ intellectual functioning
has a similar distribution to that of hearing individuals
(Braden 1994; Maller 1999).

The compensatory theory states that the loss of one
sense may be met by a greater reliance upon, and therefore
an enhancement of, the remaining senses (Grafman 2000;
Neville 1990). Psychophysical studies within the visual do-
main in deaf individuals, compared to hearing individuals,
have failed to validate this theory. Both groups have simi-
lar thresholds for brightness discrimination (Bross 1979),
contrast sensitivity (Finney and Dobkins 2001), motion
sensitivity (Bosworth and Dobkins 1999), and temporal
discrimination (Bross and Sauerwein 1980; Poizner and
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Tallal 1987). The cognitive differences found in deaf indi-
viduals are at the higher level perceptual processing rather
than an enhancement of visual sensory thresholds.

Within the domain of executive functions, deaf children
and adolescents demonstrate similar cognitive flexibility in
nonverbal problem solving compared to age-matched
hearing peers (Kelly 1995; Rosenstein 1960); however, a
study of nonverbal problem solving involving multiple
steps demonstrated that deaf and hard-of-hearing children
and adolescents (ages 6 to 19) lagged behind their age-
matched hearing peers (Luckner and McNeill 1994). Deaf
and hard-of-hearing children have demonstrated similar
executive abilities compared to age-matched peers in their
ability to initiate behaviors and responses, plan, organize,
self-monitor, and control their emotions (Rhine 2002).
The area of executive functions that has been documented
to be different between deaf and hearing individuals is
within the area of impulse and attention control.

Earlier studies have claimed that deaf children are more
impulsive than hearing children (Altshuler, Deming, Vol-
lenweider, Rainer, and Tendler 1976; Chess and Fernandez
1980; Quellette 1988); however, these conclusions are not
based on well-controlled experimental measures of im-
pulse control; rather they are based on personality mea-
sures. Deaf children of deaf parents have impulsivity rates
that are lower than those of deaf children of hearing par-
ents (Harris 1978). Current psychological inventories on
deaf and hard-of-hearing children’s impulsivity, inatten-
tion, and ability to shift attention continue to illustrate
higher incidences of impulsivity and difficulty shifting at-
tention but not within clinical ranges (Rhine 2002). Simi-
lar results are found in continuous performance tasks that
are often used by psychologists for ruling out attentional
disorders (Parasnis, Samar, and Berent 2003).

The results of psychological assessment tests of attention
contradict current cognitive neuroscience literature. Cogni-
tive neuroscience literature has demonstrated that deaf in-
dividuals’ attention and ability to inhibit distractors is bet-
ter in some areas and different than that of hearing
individuals. Deaf individuals have been shown to have an
enhanced capacity to distribute attention over the whole
visual field (Sireteanu and Rettenbach 2000) and are able
to terminate their search faster when no target was present,
without compromising their accuracy as compared with
hearing subjects (Rettenbach, Diller, and Sireteanu 1999;
Stivalet, Moreno, Richard, Barraud, and Raphel 1998). In
studies that required deaf adults to attend to peripheral
stimuli while ignoring centrally presented distractors, they
did not demonstrate difficulty inhibiting these distractors.
Instead, they demonstrated a superior ability, compared to
hearing subjects, to selectively attend to the peripheral
stimuli while ignoring the centrally presented distractors
(Parasnis and Samar 1985; Reynolds 1993).

Other studies have demonstrated that deaf adults are
faster and more accurate than hearing adults at detecting
(Loke and Song 1991) and discriminating (Neville and

Lawson 1987c) shapes presented in the periphery com-
pared to the center of the visual field suggesting enhanced
attention and increased vigilance in the periphery. Proksch
and Bavelier (2002) report that deaf adults (native signers)
allocate more attentional resources to the periphery com-
pared to the center of the visual field. The allocation of at-
tentional resources to the periphery seems to bring with it
reduced resources at the center of the visual field. A similar
allocation of attention was not found in hearing subjects
who were native ASL signers, suggesting that sign language
alone could not be responsible for this change. These re-
sults suggest that auditory deprivation from birth enhances
the speed of orientating visual attention and attentional
processing of the peripheral visual field. Deaf individuals’
enhancement of visual attention in the periphery has been
supported by ERP (Neville and Lawson 1987b) and fMRI
studies (Bavelier et al. 2000).

Sign language experience has been shown to improve
some cognitive functions. Deaf signers were found to have a
longer spatial memory span than hearing nonsigners (Wil-
son, Bettger, Niculae, and Klima 1997), but deaf children
with no exposure to sign language and hearing children were
found to have a similar spatial memory span (Parasnis,
Samar, Bettger, and Sathe 1996). Deaf signers are more ac-
curate (McKee 1988) and faster (Emmorey, Kosslyn, and Bel-
lugi 1993) in performing mental rotation skills than hearing
nonsigners while deaf nonsigners performed similarly to
hearing nonsigners (Chamberlain and Mayberry 1994).
Deaf signers between the ages of 6 and 9 years old performed
better at every age level than hearing children on a test that
involves matching the frontal view of a target face with other
views of the same person (Bellugi et al. 1990). Similar results
were found in hearing adult signers (Bettger 1992) but not in
deaf adult nonsigners (Parasnis et al. 1996). Deaf signers are
more accurate than hearing nonsigners in discriminating be-
tween faces that were identical except for a change in a single
facial feature (McCullough & Emmorey, 1999). Deaf and
hearing signers are more accurate than hearing non-signers
at remembering locations of faces in a matching pairs task
but both groups did not differ in remembering locations of
objects (Arnold and Murray 1998).

Psychological tests are designed to be used with hear-
ing individuals and often when they are used with deaf
individuals, they measure something other than what the
test is intended to measure. This might be why the psy-
chological literature that is based on psychological assess-
ment instruments has shown deaf individuals to have at-
tention and impulse control abilities lower than the
norm. Well-controlled experiments have demonstrated
that deaf individuals do not necessarily have attentional
and impulse control difficulties but their upper level vi-
sual perceptual processing is different than that of hearing
individuals. Auditory deprivation alone is responsible for
some of these changes. As illustrated previously, sign lan-
guage fluency can cause enhanced attentional, memory,
and visual perceptual abilities.
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Psychosocial Factors of Parent–Child
Attachment

The diagnosis of a permanent medical condition often is dif-
ficult for any parents to accept without emotional distress.
The diagnosis of hearing loss is no exception especially since
communication difficulties are inherent in the diagnosis.
Parents often go through a grieving process (Harvey 2003;
Mertens et al. 2000; Schirmer 2001) and their attachment
with their child is often different from the norm. There is
substantial literature demonstrating that interactions be-
tween hearing mothers and their deaf or hard-of-hearing
children are less than optimal. The mothers of deaf and
hard-of-hearing children tend to be more involved in their
childrearing than fathers. This usually includes learning
how to communicate with the child. Azar (1995) demon-
strated that there are marked differences in 20- to 40-
month-old deaf children’s relationships with their mothers
compared to their fathers. It is crucial for fathers to realize
the importance of their active participation in early inter-
vention programs. Azar’s study also demonstrated the more
parents have a negative attitude toward deafness, the weaker
the child’s security of attachment.

Hearing mothers of deaf or hard-of-hearing children
have been described as more rigid, intrusive, and negative;
deaf or hard-of-hearing children of hearing mothers are
less active, responsive, and involved compared to dyads in
which both members are hearing (Meadow-Orleans 1990;
Spencer and Gutfreund 1990). Hearing mother–hearing
child dyads have shown more maternal structuring and
hearing mother–hearing child nonhosility when com-
pared to hearing mother and deaf or hard-of-hearing child
dyads (Pipp-Siegel, Blair, Deas, Pressman, and Yoshinaga-
Itano 1998).

Maternal sensitivity is related to gains in language
competence in young deaf and hard-of-hearing children
(Pressman, Pipp-Siegel, Yoshinaga-Itano, and Deas
1999) and to more broad indices of the affective climate
between mothers and deaf and hard-of-hearing children
(Greenstein, Greenstein, McConville, and Stellini 1975).
Deaf and hard-of-hearing children who have mothers
that are sensitive to their needs learn more vocabulary
between the ages of 2 and 3 years compared to mothers
who were less sensitive to their deaf or hard-of-hearing
children’s needs (Pressman, Pipp-Siegel, Yoshinaga-
Itano, Kubicek, and Erode, 1998). Samuel (1996) found
that maternal sign language skills and attitude toward
deafness is positively correlated to deaf 15- to 18-year-
old adolescents’ positive sense of attachment to their
mothers. Samuel’s study also demonstrated that the
deaf adolescents’ attachment to parents and close peers
predicted the adolescents’ self-concept and social ad-
justment.

Deaf parents’ relationship with their deaf or hard-of-
hearing children is often dramatically different from that of
hearing parents. Many deaf individuals consider being deaf

as a part of their cultural identity rather than as a disability.
Genetically deafened parents often go through a similar
grieving process and have similar parent–child attachment
issues when they have hearing children. In a study of 12- to
40-month-old deaf children of deaf parents, it was found
that their ability to develop secure attachment and inde-
pendence from their parents is the same as that of hearing
children (Meadow, Greenberg, and Erting 1984).

Psychosocial Development

It has long been believed that deafness itself does not nec-
essarily lead to lower self-esteem; it is the quality and quan-
tity of communication the child receives that is positively
correlated with self-esteem development (Schlesinger and
Meadow 1972). Meadow (1980) claimed that the language
delay of children with hearing loss who have hearing
parents has a negative impact on their self-esteem and 
self-concept. Earlier studies have shown that if parents
treated the child’s hearing loss as a family issue it has a pos-
itive effect on the child’s self-esteem (Bat-Chava 2002;
Schlessinger 1978; Schlesinger and Meadow 1972). This
means that the whole family plays an active role in com-
municating with the child rather than viewing the hearing
loss as a deficient characteristic of the child.

In a meta-analytic review of 42 studies on self-esteem
in deaf and hard-of-hearing individuals, it was found that
deaf children with hearing parents who use sign language
have better self-esteem than deaf children who have par-
ents who do not sign (Bat-Chava 1993). A study con-
ducted on adolescents from residential schools for the
deaf found a significant positive correlation between the
students’ self-esteem and parents’ signing skills. The stu-
dents who had parents who did not sign had the lowest
self-esteem whereas parents with some signing skills had
children with higher self-esteem and those with the best
signing skills had children with the highest self-esteem
(Desselle 1994). A recent study with a sample of over
1,000 deaf students from Turkey found similar results
(Polat 2003). Desselle (1994) found a significant positive
relationship between deaf children’s self-esteem and their
reading achievement.

This meta-analysis (Bat-Chava) also found that deaf in-
dividuals have a response similar to that of other minority
groups wherein the negative attitudes toward minorities is
internalized and hinders development of self-esteem.
Cocker and Major (1989) claimed that members of minor-
ity groups who identified with their minority group have
higher self-esteem than those who do not. In Bat-Chava’s
(1993) meta-analysis, it was found that this was also true
for deaf children; those who identified with deaf adults
have higher self-esteem and deaf children born to deaf par-
ents experience a similar upbringing to that of minority
children with minority parents. Deaf children of deaf par-
ents were found to have a higher self-esteem than deaf chil-
dren of hearing parents (Bat-Chava 1993; Hilburn, Marini,
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and Slate 1997). However, the meta-analysis revealed that
overall, deaf individuals have lower self-esteem compared
to hearing individuals. Similar results have been found in
studies of the self-esteem of deaf adults who have deaf par-
ents compared to those who have hearing parents (Yachnik
1986).

Later onset of hearing loss has been associated with poor
psychosocial adjustment and earlier onset has been associ-
ated with greater degree of satisfaction with self (Loeb and
Sarigani 1986; Polat 2003). Some studies have found that
higher degrees of hearing loss have been associated with
higher degree of adjustment problems (Polat 2003), while
others have found no differences (Frustenberg and Doyal
1994; Sinkkonen 1994). Literature has shown that the exis-
tence of additional disabilities has consistently been asso-
ciated with more psychosocial and adjustment problems
(Mertens 1993 et al; Polat 2003).

Psychopathology

In the past, many deaf people with poor written, spoken, or
signed language skills were in psychiatric institutional care,
often with no appropriate communication or formal diag-
nosis (Denmark 1985, 1994). Studies of adult deaf and
hard-of-hearing psychiatric inpatients from the United
States and other countries have shown a greater overall
prevalence of mental illnesses than the hearing population
and longer hospital stays (Vernon and Diagle-King 1999).
Deaf children, particularly those from hearing families,
may be exposed to an excess of the risk factors that can af-
fect all children and lead to adjustment disorders in ado-
lescence. These factors include academic failure, low self-
esteem, inconsistent discipline, failure of age-appropriate
development, and sexual and physical abuse. Most of these
are secondary to negative attitudes to deafness and failure
to develop age-appropriate language fluency (du Feu and
Fergusson 2003).

Schlesinger and Meadow (1972) found that 31% of deaf
children had mild to severe psychiatric disturbances while
the hearing control group had an incidence rate of 9.7%. In
a sample of 117 deaf children from ages 5 to 16 years old,
Freeman, Malkin, and Hastings (1975) found a prevalence
rate of 22% for moderate to severe psychiatric disturbances.
They found that those who had psychiatric disturbances
also had a higher prevalence of neurological disorders.
Based on a study of 62 deaf children 11 to 16 years of age
in the United Kingdom, the prevalence of psychiatric dis-
orders was found to be as high as 50.3%. The prevalence
was even higher in children in mainstream educational set-
tings than in those attending schools for the deaf (Hindley,
Hill, McGuigan, and Kitson 1994).

Fundudis, Kolvin, and Garside (1979) compared deaf,
hard-of-hearing, and hearing children and found preva-
lence rates of psychiatric disturbances to be 54%, 28%, and
18%, respectively. However, Hindley (2000) stated that the
degree of hearing loss generally does not appear to be a risk

factor for psychiatric illnesses. Other studies have shown
that the deaf and hard-of-hearing groups with higher preva-
lence of psychiatric disturbances come from dysfunctional
families that involved substance abuse, physical abuse, ver-
bal abuse, parent psychiatric difficulties, parent refusal to
learn the child’s language or communication (Goldberg,
Lobb, and Kroll 1975; Powers, Elliott, Patterson, and Shaw
1995) and lower intelligence quotients (Schlesinger and
Meadow 1972). Neurological problems associated with the
cause of deafness can have disproportionately adverse ef-
fects for deaf children; for example, cerebral palsy can limit
speech, signing and writing and epilepsy may reduce confi-
dence and increase overprotectiveness from others (du Feu
and Fergusson 2003).

Meadow (1980) claimed that behavioral disorders in
deaf children occur at a rate three times higher than in hear-
ing children. However, Bond (2000) has stressed that any
problem behaviors are not a result of hearing loss per se;
but the consequences of other factors such as the environ-
ment and the factors mentioned in the psychosocial devel-
opment section of this chapter. Additionally, there is a
higher prevalence of sexual and physical abuse perpetrated
upon deaf and hard-of-hearing children and adolescents
(Hindley 2000).

A recent large-scale survey of school administrators
and teachers of deaf children estimated that approxi-
mately 8 to 11% of the deaf population is affected by
learning disabilities (Schildroth and Hotto 1996). The
actual incidence of learning disabilities might be lower
since many deaf and hard-of-hearing children’s learning
difficulties are secondary to their hearing loss and
language delay. It is difficult to differentiate a primary
diagnosis of a learning disability from those that are sec-
ondary to hearing loss. Such evaluation needs to be con-
ducted by a skilled psychologist who is familiar with and
experienced in working with this population. Studies on
the incidence of learning disabilities in this population
have historically relied on teacher and parent reports
rather than comprehensive psychological evaluations by
qualified professionals.

There is no evidence for genetic aggregation of hearing
loss and attention-deficit/hyperactivity disorder (ADHD),
nor is there any evidence that auditory deprivation itself
causes ADHD (Parasnis, Samar, and Berent 2003). How-
ever, some of the recognized causes of ADHD, such as
anoxia and drug toxicity, are also causes of hearing loss
(Mauk and Mauk 1992; Samar, Parasnis, and Berent 1998).
The incidence of ADHD in hearing individuals has been es-
timated to be between 3 and 7% (Barkley 1997) and in deaf
and hard-of-hearing individuals the incidence ranges from
3.5 to 38.7% with the highest rates of ADHD occurring in
children with acquired hearing loss as opposed to heredi-
tary hearing loss (Kelly, Forney, Parker-Fisher, and Jones
1993). The actual incidence of ADHD most likely is lower.
It is difficult to survey the actual incidence because the fre-
quent language delays found in this population can cause
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restlessness and difficulty following language dialogue in
the classroom.

Psychological Assessment

There is an inherent ethical dilemma involved in the psy-
chological evaluation of a deaf or hard-of-hearing patient
(Maller 2003). Test instructions often need to be given in a
visual mode (e.g., signing, cueing, or lip reading) or a com-
bination of verbal and visual modalities, depending on
which communication mode is most readily accessible to
the patient. Almost every time a test is administered to this
population, the standard administration procedures are
modified and therefore violated (Braden 1994). The use of
psychological tests with verbal content has been strongly
discouraged when evaluating a patient from this popula-
tion (Braden 1994; Maller 2003; Vernon and Brown 1964).
Psychologists must realize that some non-verbal psycho-
logical tests continue to be a problem because they require
verbal mediation strategies for correct or rapid responses
and many require verbal instructions (Simeonsson, Wax,
and White 2001).

Verbal items are often omitted from intelligence batter-
ies and thus the only tests remaining are the non-verbal
subtests (Blennerhassett 1990; Moores 1987). This poses a
problem because subtests are not equally effective at mea-
suring all aspects of intelligence, and cannot function
alone as an appropriate representation of intelligence. The
most widely used test with deaf children, the Wechsler In-
telligence Scale for Children (WISC-III; Wechsler 1991,
Braden and Hannah 1998; Gibbins 1989) has been re-
ported to measure the construct of intelligence differently
at the item and factor structure levels with deaf children
(Maller 1999; Maller and Ferron 1997). Other intelligence
batteries also have some validity issues (Maller 2003,
Simeonsson, Wax, and White 2001). Deaf children are of-
ten misdiagnosed as mentally retarded or learning dis-
abled when assessed by psychologists unfamiliar with the
issues of intelligence testing in this population (Vernon
and Andrews 1990).

There are not enough validated tests designed for the
deaf and hard-of-hearing client that can be administered
without modification. This ethical dilemma forces the psy-
chologist to leave the safety of relying on each test’s psy-
chometric soundness and to rely more on clinical skills and
judgment while taking into consideration the factors that
might be affecting clients and their test scores. The psycho-
logical assessment of deaf and hard-of-hearing clients re-
quires relatively more reliance on knowledge and qualita-
tive data obtained through observations, to support clinical
hypotheses, diagnoses, and recommendations. Psychia-
trists who refer their patients for a psychological evaluation
should seek psychologists who are familiar with the empir-
ical literature and test modifications that are necessary to
provide a valid evaluation of deaf and hard-of-hearing chil-
dren and adolescents’ psychological functioning.

Psychopharmacologic Interventions

There is surprisingly little literature reporting pharma-
cotherapy of mental disorders in children with deafness.
Case reports exist for the use of various medications to treat
maladaptive behaviors, for example, self-injury and aggres-
sion, in individuals with developmental disorders such as
congenital rubella syndrome.

As is the case for children with blindness, concerns
about medication side effects need to be firmly on the
radar screen of the prescriber. Drugs that may affect visual
acuity, for example, may be particularly disconcerting in
persons who must rely on their vision for communication
(Roberts and Hindley 1999). Similarly, medication-
induced extrapyramidal symptoms carry obvious addi-
tional significance.

For those individuals whose deafness was the result of
ototoxic drugs, the clinician may have to take extra care to
explore a family’s willingness to consider medication treat-
ment given a likely bias against such intervention.

Psychotherapeutic Interventions

After the initial diagnosis of hearing loss, hearing parents of
deaf and hard-of-hearing children often would benefit
from psychotherapy to avoid psychopathological changes
in the parent–child attachment. Family therapy is often
beneficial because having a deaf or hard-of-hearing child
frequently changes the family dynamics. In family therapy,
it may be necessary to use an interpreter if the deaf or hard-
of-hearing child or adolescent is most fluent in a signed
language and the patient’s family is not fluent in that lan-
guage (ASL) or communication mode (cued or signed En-
glish) (Harvey 1984, 2003). The family therapist should
also be knowledgeable about the family dynamics of hav-
ing a deaf or hard-of-hearing child. In the case where a deaf
or hard-of-hearing patient needs therapeutic intervention,
it is necessary to seek a mental health professional who spe-
cializes in working with this unique population (Harvey
2003; Leigh, Corbett, Gutman, and Morere 1996; Sussman
and Brauer 1999).

The use of mental health professionals who are not fa-
miliar with this population could lead to misdiagnosis and
mistreatment. As previously mentioned, there are psy-
chosocial, language, and cognitive factors that make this
population different from hearing children and adoles-
cents. It is also important for the patient to work with a
mental health professional who can communicate directly
with the patient. The use of sign language interpreters has a
direct impact on the individual therapeutic process (Leigh
et al. 1996). Therapists who have used interpreters ac-
knowledge that it dilutes and distorts the patient–therapist
relationship (Wohl 1995). There is an additional challenge
of using interpreters with deaf or hard-of-hearing children
because the patient would be looking at the interpreter,
not the therapist (Sussman and Brauer 1999). There are
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additional problems when working with younger children
who are not familiar with using interpreters.

The literature has shown that various psychotherapeutic
approaches can be used to successfully treat deaf or hard-
of-hearing children. These include psychoanalytic and in-
sight-oriented therapies (Levin 1981; Rayson 1985) as well
as humanistic oriented therapies, Adlerian therapy, cogni-
tive therapy, and rational-emotive therapy (Anderson and
Watson 1985; Gough 1990; Sussman 1988). The type of
approach that would be best for any patient (hearing, hard-
of-hearing, or deaf) would depend on their psychopathol-
ogy, not their hearing status. Psychiatrists and parents usu-
ally do not have the flexibility to choose between a variety
of approaches and professionals. Instead, they usually have
to choose the mental health professional who specializes in
working with this population. Sometimes, this means trav-
eling long distances for such treatment.

If there are no professionals that specialize in this popu-
lation, then it is necessary to accept the second best alterna-
tive which would be working with a mental health profes-
sional (with interpreting services if necessary) who does not
have any experience working with this population. One
common mistake made by therapists who are not familiar
with treating deaf and hard-of-hearing children is that they
often automatically assume that the core problem with the
patient’s psychopathology has something to do with their
hearing loss. It is possible that a patient’s hearing loss might
be exacerbating their psychopathology but the patient’s
hearing loss often is not the primary problem.

It is important for professionals who work with deaf and
hard-of-hearing individuals to realize that they are not only
dealing with a disability group, but also a group that has a
different lifestyle. There is a continuum within the deaf and
hard-of-hearing community between those who identify
with deaf culture and those who do not. Regardless of their
cultural identification, there are similar psychosocial issues
shared by members of this community. Literature on psy-
chotherapy with cultural minorities is more relevant to this
community than literature on disability groups. It is neces-
sary for mental health professionals to provide culturally
affirmative psychotherapy (Glickman 1996) when treating
individuals from this community.

Conclusions

As with visual impairment, research in the neurobiology of
hearing loss has contributed much to our understanding of
basic brain function. Significant advances in molecular ge-
netics have informed our understanding of the physiology
of hearing. Neuropsychological studies will continue to
look to individuals with deafness to better understand lan-
guage and personality development. Deafness does not
protect from psychiatric disorders, but recent work may
place the prevalence closer to that for the general popula-
tion than once believed. Considerable work remains with
respect to characterizing specific psychiatric treatments in

this population, but individualized treatment approaches
that are culturally sensitive are always indicated.
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BASAL GANGLIA

The basal ganglia are a group of gray matter structures sym-
metrically placed in a deep paracentral location within the
brain. The chief nuclei of the basal ganglia are the striatum
and the pallidum (1, 2). The terms “striatum” and “neos-
triatum” refer to the caudate and putamen. The term “dor-
sal striatum” refers to most of the caudate and putamen,
while the term “ventral striatum” refers to the ventral parts
of the caudate and putamen, the nucleus accumbens septi,
and the striatal part of the olfactory tubercle. The terms
“pallidum” and “paleostriatum” refer to globus pallidus
(composed of the globus pallidus interna and globus pal-
lidus externa). The term “corpus striatum” refers to the
caudate, putamen, and globus pallidus. The putamen and
globus pallidus together compose the “lentiform nucleus.”
The term “extrapyramidal system” refers to the basal gan-
glia and an array of subcortical structures and brainstem
nuclei (red nucleus, subthalamic nucleus, substantia nigra
pars compacta, and substantia nigra pars reticulata, reticu-
lar formation, and portions of the ventral tier thalamic nu-
clei) to which they are connected (Fig. 21.1).

Neurotransmitters in the Basal Ganglia

Dopamine is widely distributed throughout the brain, but
over 80% of this neurotransmitter located in the brain is
concentrated in the striatum (3). Besides the nigrostriatal
pathway, other dopamine-containing pathways include the
mesolimbic (from the medial portion of the substantia ni-
gra pars compacta and ventral tegmental area to the ventral
striatum, rostral caudate nucleus, the olfactory tubercle,
and the amygdaloid nucleus), the mesocortical (from the
medial portion of the substantia nigra pars compacta and
ventral tegmental area to the prefrontal and the cingulate
cortex), the tuberoinfundibular, and the hypothalamo-
spinal pathways.

Five distinct receptors for dopamine (D1 to D5) have
been cloned (3). The D1 family is composed of D1 and D5
receptors, and the D2 family of D2, D3, and D4 receptors.
The various dopamine receptor subtypes are distributed in
different parts of the brain and subserve distinct functions
(Table 21.1). The D1 and D2 receptors are found mainly in
the striatum and mediate dopamine signals involved in
motor control. Presynaptic dopamine receptors, known as
autoreceptors, are of the D2 subtype and provide feedback
inhibition of dopamine synthesis and dopaminergic
neuron firing when stimulated by the release of the
neurotransmitter from the presynaptic nerve terminal. The
D3 receptors are abundant in limbic connections. The D4
receptors are also found in the frontal cortex and seem to
play a role in behavior. The atypical antipsychotic clozap-
ine blocks D4 receptors but has low affinity for D2
receptors, accounting for its very low potential to cause
parkinsonism. D5 receptors are located throughout the
cortex, thalamus, and striatum.

Glutamate is the predominant excitatory neurotransmit-
ter of the basal ganglia. The main output pathways of the
basal ganglia involve gamma-aminobutyric acid (GABA).
Acetylcholine is present in the striatal interneurons. There
are also noradrenergic inputs from the locus coeruleus and
serotonergic inputs from the raphe nucleus to the basal
ganglia. Many more neuropeptides and neuromodulators,
whose functions are largely unknown, are found in the
basal ganglia (3).

Functional Anatomy

Frontal-subcortical circuits mediate motor activity, eye
movements, cognition, behavior, and limbic function (4).
Their interconnections represent parallel reentrant circuits
that convey information from different regions of the cortex,
through the basal ganglia and then via the thalamus back to
the cortex. These circuits have been named according to their
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Figure 21.1 The interaction of the basal ganglia, brainstem nuclei, thalamus, and cerebral cortex.
DA, dopamine; SNC(R), substantia nigra pars compacta (reticulata); GPE(I), globus pallidus externa
(interna); STN, subthalamic nucleus; CM, centromedian; PF, parafascicular; VL(A), ventral lateral
(anterior) nuclei of thalamus, SC, superior colliculus; s, striosome; m, matrix; DA, dopamine; 5HT,
serotonine; NA, noradrenaline; LC, locus ceruleus; RN, Raphe nucleus; VTA, ventral tegmental area;
Cing, cingulate; cx, cortex. Dash arrows represent inhibitory (GABAergic) pathways, solid arrows
excitatory (glutamatergic) pathways.

TABLE 21.1
DOPAMINE RECEPTORS

D1 Family D2 Family

D1 D5 D2 D3 D4

Effector pathways ↑ cAMP ↑ cAMP ↓ cAMP ↓ cAMP ↓ cAMP
Channel ↑ K�, ↓ Ca2� ↑ K�

mRNA distribution Caudate, putamen, Hypothalamus, Caudate, putamen, Hypothalamus, Frontal cordex,
nuc. accumbens, hypocampus nuc, accumbens, nuc. accumbens, medulla,
olfactory tubercle olfactory tubercle olfactory tubercle midbrain

Chromosome 5 4 11 3 11

Source: Modified from Kuhar et al., Basic Neurochemistry, 6th ed. Philadelphia, PA: Lippincott Williams & Wilkins, 1999.

function or cortical site of origin: the motor circuit, the
oculomotor circuit originating in the frontal eye fields, the
dorsolateral prefrontal and lateral orbitofrontal (cognition
and behavior), and anterior cingulate (limbic) circuits (Fig.
21.2). Within these circuits, information flows through two
parallel (direct and indirect) pathways whose balance of

activity is critical for normal function. The putamen is the
predominant striatal structure for the motor circuit; caudate
for the oculomotor, dorsolateral prefrontal, and lateral
orbitofrontal circuits; and the ventral striatum for the limbic
circuit. The striatum can be further subdivided into neuro-
chemically distinct compartments known as striosomes and
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matrix (1, 2). Striosomes form branched three-dimensional
labyrinths that constitute only 10 to 20% of the striatum and
are mainly present in the head of the caudate. They stain for
acetylcholinesterase and have higher levels of mu opiod re-
ceptors, D1 dopamine receptors, and the neuropeptides
Substance P and dynorphin. Striosomal neurons communi-
cate with substantia nigra pars compacta and the limbic
regions. The matrix, on the other hand, gives rise to the direct
and indirect striatal output pathways and receives corticos-
triatal inputs from sensory cortices, motor and premotor
areas, and association cortex as well as thalamic input.

The frontal-subcortical motor circuit (Fig. 21.3) origi-
nates in primary motor, supplementary motor, and
primary sensory cortices. The excitatory glutamatergic
corticostriatal pathway mainly terminates on the heads of
the dendritic spines of the medium spiny neurons, whereas
the dense dopaminergic input from the substantia nigra
pars compacta terminates principally on the shafts of the
spines, thus modulating the effect of cortical inputs. The
medium spiny neurons constitute about 95% of the striatal
neurons and send GABAergic projections to globus pallidus
externa and globus pallidus interna/substantia nigra pars
reticulata. The remaining striatal neurons (interneurons)
are restricted to the striatum and include large aspiny
cholinergic cells, among others. The cholinergic interneu-
rons in the striatum synapse on the soma and the shafts of
the dendrites of the medium spiny neurons and exert an
opposite effect to dopamine in terms of modulation of
the glutamatergic corticostriatal input, which probably
constitutes the basis of anticholinergic treatment in
Parkinson’s disease. The neurons projecting to the globus
pallidus interna/substantia nigra pars reticulata (direct

pathway) express Substance P and dynorphin and predom-
inantly have D1 receptors, which activate the synthesis of
cyclic adenosine monophosphate when stimulated by
dopamine. Thus, stimulation of D1 receptors is “excita-
tory” and increases the inhibitory output to the globus
pallidus interna/substantia nigra pars reticulata. The indi-
rect pathway originates from the medium spiny neurons
that express the neuropeptide enkephalin and have a
preponderance of D2 receptors, which are “inhibitory.”
This pathway is completed by an inhibitory GABAergic pro-
jection from the globus pallidus externa to the subthalamic
nucleus, and an excitatory, glutamatergic projection
from the subthalamic nucleus to the globus pallidus
interna/substantia nigra pars reticulata. Thus, dopamine
stimulation of the indirect pathway leads to a reduction in
the excitatory drive from the subthalamic nucleus to the
globus pallidus interna/substantia nigra pars reticulata
through double inhibition. Dopaminergic stimulation
provides a positive feedback for cortically initiated move-
ments via the direct pathway and a negative feedback for
undesired movement. The relative balance of activity in the
direct and indirect pathways regulates the inhibitory
output from globus pallidus interna/substantia nigra pars
reticulata to the ventral thalamus. Thus, one important
mechanism by which the basal ganglia exert motor control
is by determining the level of excitatory activity of the tha-
lamus on the motor cortex at the origin of the pyramidal
(corticospinal) system.

Despite its highly simplified nature and its serious
shortcomings, this model of basal ganglia function (5) has
fostered the formulation of hypotheses for the study of
movement disorders and provided an important rationale
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for the successful revival of surgical treatment for Parkin-
son’s disease. In Parkinson’s disease, loss of dopaminergic
innervation of the striatum decreases the activity of the
direct pathway, reducing the inhibition of the globus pal-
lidus pars interna and substantia nigra pars reticulata. At
the same time, activity in the indirect pathway is aug-
mented, leading to increased excitatory input to the globus
pallidus pars interna/substantia nigra pars reticulata from
subthalamic nucleus. Together, these effects produce strong
inhibition of the ventral thalamus and reduced excitation
of motor cortex. As predicted by this model, surgical
procedures that impair the function of globus pallidus pars
interna and subthalamic nucleus improve parkinsonian
symptoms such as bradykinesia and rigidity. Pathologic le-
sions of the subthalamic nucleus such as an infarction
markedly increase motor activity, leading to ballismus,
while surgical intervention in this structure utilizing deep
brain stimulation seldom results in this abnormal move-
ment. In adult-onset Huntington’s disease, the enkephalin-
ergic striatal projection neurons are more vulnerable to
degeneration, causing severe impairment of the indirect
pathway, with relative preservation of the direct pathway.
This leads to unopposed inhibition of globus pallidus pars

interna/substantia nigra pars reticulata and increased mo-
tor output, a possible basis for chorea.

With regard to psychiatric disorders, such as Tourette’s
syndrome, obsessive-compulsive disorder (OCD),
schizophrenia, and attention deficit hyperactivity disorder
(ADHD) (6), dysfunction of the basal ganglia leads to a
disruption of cognitive control and impaired inhibition of
competing inappropriate thoughts and behaviors. OCD is
thought to be associated with abnormal activation of strio-
somes, the compartment that is preferentially connected
with the orbitofrontal and anterior cingulate cortex (7).

HYPOKINETIC MOVEMENT DISORDERS

Juvenile Parkinsonism

Juvenile parkinsonism, a heterogeneous entity, is clinically
and pathologically distinct from young-onset Parkinson’s
disease (8). In addition to cardinal features of parkinsonism
(rest tremor, bradykinesia, rigidity), many patients with
juvenile parkinsonism have one or more atypical features
including opthalmoparesis, seizures, and dementia leading
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to a diagnosis of one of the childhood encephalopathies.
Some have identifiable causes such as drug toxicity, en-
cephalitis, or tumors leading to the diagnosis of secondary
parkinsonism. The secondary and hereditary/metabolic
causes of juvenile parkinsonism show great overlap with
childhood dystonias (Table 21.2).

Mutations of the parkin gene on chromosome 6q25–27,
which codes for a ubiquitin ligase, are the most common
cause of autosomal recessive juvenile parkinsonism across
many different ethnic groups (9). In autosomal recessive
juvenile parkinsonism related to the parkin mutations,
classic parkinsonism is usually accompanied by foot dysto-
nia, hyperreflexia, a good response to levodopa, and the
early appearance of levodopa-induced dyskinesias (9).
Lewy bodies are generally absent in this disorder. In chil-

dren and adolescents, autosomal recessive juvenile parkin-
sonism associated with the parkin mutation, self-mutila-
tion, anorexia nervosa, depression, and suicidality has been
described (13).

A mutation on the DJ-1 gene has been identified as an-
other cause of autosomal recessive parkinsonism, albeit
with a slightly older age of onset (10). Anxiety disorder is
commonly associated with this form of parkinsonism (11).

The treatment of juvenile parkinsonism, similar to that
used for idiopathic Parkinson’s disease, is predominantly
centered on preparations of levodopa combined with a pe-
ripheral DOPA decarboxylase inhibitor such as carbidopa
or benzeraside to increase bioavailability and decrease
peripheral side effects. Adjunctive therapies include
catecholamine-O-methyl transferase (COMT) inhibitors
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TABLE 21.2
ETIOLOGIC CLASSIFICATION OF DYSTONIA

1. Primary (Idiopathic)

a. DYT1 dystonia: Oppenheim’s dystonia, dystonia musculorum deformans
b. Other DYT dystonias
c. Sporadic: Usually adult-onset and focal

2. Dystonia Plus

a. Dystonia with parkinsonism
i. Dopa-responsive dystonia (DYT5)
ii. Dopamine agonist-responsive dystonia
iii. Rapid-onset dystonia-parkinsonism (DYT12)

b. Myoclonus-dystonia syndrome (DYT11)

3. Secondary Dystonia

a. Drug-induced: Neuroleptic induced (acute, tardive), anticonvulsants, levodopa
b. Toxic: Manganese, carbon monoxide, carbon disulfide, cyanide, methanol, 3-nitroproprionic

acid
c. Infectious: Viral encephalitis, postinfectious, Reye’s syndrome, subacute sclerosing

leukoencephalopathy, wasp sting encephalopathy, HIV
d. Focal central nervous system lesions: Trauma, stroke, arteriovenous malformation, tumor

affecting the basal ganglia, thalamus, cortex, brainstem or spinal cord
e. Physical causes: Hypoxia, perinatal cerebral injury, electric shock, peripheral injury
f. Autoimmune: Multiple sclerosis, antiphospholipid syndrome, Sjogren syndrome
g. Metabolic: Hypoparathyroidism
h. Psychogenic

4. Heredodegenerative Disorders

a. Autosomal dominant: Juvenile Parkinson’s disease, Huntington’s disease (Westfahl variant),
Machado-Joseph disease (SCA3), Dentatorubro-pallidoluysian atrophy, other spinocerebellar
degenerations

b. Autosomal recessive: Wilson’s disease, Niemann-Pick type C, juvenile neuronal ceroid-
lipofuscinosis (Batten’s disease), GM1 and GM2 gangliosidosis, metachromatic
leukodystrophy, Lesch-Nyhan syndrome, homocystinuria, glutaric acidemia, Hartnup’s disease,
ataxia telangiectasia, aeurodegeneration with iron accumulation (formerly Hallervorden-Spatz
syndrome), neuroacanthocytosis

c. X-linked recessive: Lubag (dystonia-parkinsonism), deafness-dystonia syndrome (Mohr-
Tranebjaerg syndrome)

d. X-linked dominant: Rett’s syndrome
e. Mitochondrial: Leigh’s disease, Leber’s disease, deafness-dystonia-retardation-blindness

syndrome
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such as entacapone to prolong the effect of levodopa,
dopamine agonists such as pramipexole, ropinirole, per-
golide, or bromocriptine, anticholinergics (benztropine
mesylate or trihexyphenydil) MAO-B inhibitors such as se-
legiline, and amantadine, an adenosine 2B type glutamate
receptor inhibitor. In many instances, initial therapy with
an agonist rather than levodopa is used in this patient
group to forestall the development of dyskinesias and offer
the putative benefit of neuroprotection (12). Some patients
with parkin-related juvenile parkinsonism are remarkably
responsive to anticholinergic drugs (13).

HYPERKINETIC MOVEMENT DISORDERS

Tremor

Tremor is a rhythmic, alternating movement of a body part.
It can be described by its frequency and amplitude, as well
as by the circumstances under which it occurs. Resting
tremor (e.g., Parkinson’s disease) occurs in a body part in
complete repose, postural tremor when the involved body
part is being maintained in position against gravity (e.g., es-
sential tremor, enhanced physiologic tremor), and kinetic
tremor when the affected limb or body part is in motion
(e.g., essential tremor, cerebellar tremor). When a single
position or a specific activity causes tremor, the terms
“position-specific” and “task-specific” tremor are used.

Physiologic Tremor

Physiologic tremor is present in all individuals at all ages
but under normal circumstances it is not apparent and is
not associated with disability. Circumstances such as anxi-
ety, fatigue, hypoglycemia, hyperthyroidism, alcohol with-
drawal, or drug effects (e.g., adrenergic agents, stimulants)
can result in enhanced physiologic tremor, which is clearly
visible and potentially disabling.

Essential Tremor
Essential tremor, an autosomal dominant trait, is the most
common movement disorder seen in clinical practice. No
structural or cellular abnormalities responsible for essential
tremor have been identified, but functional imaging stud-
ies suggest increased reverberations in the olivocerebellar
circuits that can be enhanced or suppressed by reflex path-
ways. Approximately 5% of all new essential tremor cases
arise during the first two decades of life, as early as age 2
years. Most cases emerge during late childhood and ado-
lescence with a male predominance (14). It virtually always
presents with a gradual onset, postural, distal upper ex-
tremity 4 to 12 Hz tremor and may occasionally affect the
head or the voice.

Essential tremor should be treated when it results in
functional disability or social embarrassment. In most
cases of childhood essential tremor, no pharmacologic

therapy is recommended (14), in part because of the side
effect profile of antitremor medications and their modest
efficacy in most cases. Primidone and propranolol are the
two first-line drugs in the treatment of essential tremor.
Benzodiazepines and gabapentin offer a modest benefit,
and topiramate has shown some promise for this condition
(15). Drug-resistant essential tremor in adults can be
treated with surgical interventions including thalamotomy
and thalamic deep brain stimulation of the ventral inter-
mediate nucleus of the thalamus. Thalamic deep brain
stimulation has been successfully performed in children for
indications such as severe chorea or dystonia, but to our
knowledge it has not been performed in the pediatric age
group for essential tremor.

Dystonia

Dystonia is a sustained abnormal movement that is much
slower than chorea and often has a twisting appearance due
to abnormal cocontraction of agonist and antagonist mus-
cles. When severe or chronic, dystonia may lead to a rela-
tively fixed position of the involved body parts, resulting in
a characteristic posture. When patients voluntarily attempt
to move the involved part in the direction opposite to a dys-
tonic movement, a rhythmic or arrhythmic oscillation may
develop during this “tug of war” resulting in a dystonic
tremor. Dystonia that is worsened during attempted volun-
tary movement is referred to as action dystonia. Dystonia
can be described by the body parts or regions that are in-
volved. Focal dystonia refers to the involvement of an iso-
lated body part such as a hand, while segmental dystonia
implies that adjacent body parts such as the neck and arm are
affected, and generalized dystonia indicates involvement of
limbs bilaterally or one limb and a nonadjacent body part.

Dystonic movements increase with fatigue and stress
and improve with relaxation, hypnosis, and sleep. Most pa-
tients discover that they can reduce dystonic muscle con-
tractions by using tactile or proprioceptive stimuli such as
touching the involved or an adjacent body part. These ma-
neuvers are known as “sensory tricks.”

Some children and adolescents may experience a sud-
den marked increase in the severity of dystonia, which can
lead to rhabdomyolysis and myoglobinuria. These
episodes are known as a dystonic storm or status dystoni-
cus and require treatment in an intensive care unit due to
the risk of renal failure and death (16).

A detailed etiological classication of dystonia is pre-
sented in Table 21.2. In primary (idiopathic) dystonia, there
are no other systemic and neurologic abnormalities except
for tremor, and there is no identifiable exogenous cause or
other inherited/degenerative disease. In dystonia-plus,
other neurologic signs such as parkinsonism or myoclonus
may occur; however, these disorders are of neurochemical
nature and unassociated with apparent neurodegeneration.
Secondary dystonia is due to acquired/exogenous causes.
Heredodegenerative disorders are caused by a genetic
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abnormality and are typically associated with morphologi-
cal brain changes.

Primary dystonia results from a functional disturbance
of the basal ganglia, particularly in the striatal control of
the globus pallidus (and substantia nigra pars reticulata),
causing altered thalamic control of cortical motor planning
and executive function, as well as abnormal regulation
of brainstem and spinal cord inhibitory interneuronal
mechanisms (17).

In a child with typical primary dystonia, diagnostic eval-
uation can be started with DYT1 DNA testing after genetic
counseling is obtained, followed by a levodopa trial if
DYT1 is ruled out. If the patient does not respond to
levodopa, serum ceruloplasmin and slit-lamp examination
for Keyser-Fleischer ring should be obtained to rule out
Wilson’s disease. If history and examination suggest a struc-
tural lesion, neuroimaging with brain magnetic resonance
imaging (MRI) should be obtained. If history and exami-
nation suggest other metabolic or inherited disorders, ge-
netic testing, lactate/pyruvate, serum and urinary amino
acids in, urine organic acids, cerebrospinal fluid analysis,
electromyography/nerve conduction velocities, electroen-
cephalogram, red blood cell smear for acanthocytes,
antiphospholipid antibody, lysosomal analysis, alpha-
fetoprotein, biopsies of skin, muscle, nerve, or bone mar-
row should be considered as guided by the clinical clues.

DYT1 Dystonia
DYT1 dystonia (primary torsion dystonia, dystonia muscu-
lorum deformans, Oppenheim’s dystonia) is an autosomal
dominant disease with a penetrance rate of 30 to 40%. A
guanine-adenine-guanine (GAG) deletion in the gene cod-
ing for Torsin A, a protein of unknown function, on chro-
mosome 9q34, accounts for �90% of childhood-onset limb
dystonia in those of Ashkenazi Jewish descent and approxi-
mately 40 to 60% of early-onset limb dystonia in the non-
Jewish population (18).

DYT1 dystonia starts at a relatively young age, with an
average age of onset around 12 years. In the great majority
of cases, the disorder affects a limb first, but craniocervical
or axial onset may also be the initial sign. Cases with lower
extremity onset usually present at a younger age and, over
time, tend to generalize (16). Psychiatric disorders have
been reported to be associated with DYT1, particularly ma-
jor depressive disorder. Heiman et al. reported on a large
sample of individuals with the DYT1 mutation, contrasting
manifesting carriers, symptomatic carriers, and noncarriers.
In comparison to noncarriers (who shared many of the
same environmental and psychosocial factors) the risk for
recurrent major depression was three times as high in carri-
ers, regardless of whether they had motor signs or not. The
increased risk was quite specific for recurrent major depres-
sive disorder, and did not include other affective disorders
such as bipolar disorder, single episode major depressive
disorder, or any combination of mood disorders (16a).
Carriers of the DYT1 gene also have subtle deficits in learn-

ing sequences, although they do not differ from controls in
terms of motor accuracy or timing. Positron emission to-
mograpy (PET) study revealed increased activation in the
left premotor cortex and right supplementary motor area,
with reduction in the posterior medial cerebellum(16b).

Dystonia-Plus Syndromes

Dopa-Responsive Dystonia (DYT5)
Dopa-responsive dystonia presents in mid-childhood with
dystonia affecting the gait, hyperreflexia, and parkinsonism
signs (19) that show a dramatic and sustained response to
low-dosage levodopa without emergence of motor fluctua-
tions (16). Patients progressively worsen throughout the
day, becoming more dystonic and parkinsonian by evening,
but improve the next morning after overnight sleep. Dopa-
responsive dystonia is an autosomal disorder with marked
phenotypic heterogeneity (20), affecting females more than
males with gender-related incomplete penetrance.

Mutations in the guanosine triphosphate (GTP) cyclo-
hydrolase I gene on chromosome 14q22.1–q22.2 that
codes for a cofactor of tyrosine hydroxylase account for
many cases of dopa-responsive dystonia (21). These muta-
tions are heterogeneous and may also affect other genes in-
volved in dopamine synthesis (22). Approximately 40 to
50% of patients with Dopa-responsive dystonia have no
known mutations (23).

Aromatic L-amino acid decarboxylase deficiency, also
known as dopamine agonist-responsive dystonia, is char-
acterized by reduced metabolism of 3,4-dihydroxypheny-
lalanine (DOPA) to dopamine and 5-hydroxytryptophan
to serotonin (24). This autosomal recessive disorder begins
in infancy with dystonia-parkinsonism, hypotonia, hyper-
hidrosis, miosis, and ptosis, as well as episodes of oculo-
gyria and paroxysmal movements. Diurnal fluctuations
with sleep benefit is present in 50% of cases.

Myoclonus-Dystonia Syndrome (DYT11)
Autosomal dominant myoclonus-dystonia syndrome, per-
haps the same disorder as essential myoclonus (25), is
caused by mutations in the �-sarcoglycan gene on chromo-
some 7q21 (26). It may start at any age and primarily
affects the upper body with alcohol-responsive myoclonus.
It progresses slowly and then tends to plateau (25). There is
also a sporadic form of this condition that is not associated
with mutations in the �-sarcoglycan gene (27).

Rapid-Onset Dystonia-Parkinsonism (DYT12)
Rapid-onset dystonia-parkinsonism is an autosomal dom-
inant disorder mapped to chromosome 19q13 (28) and
characterized by sudden onset of dystonia and parkinson-
ism during adolescence or early adulthood. The symptoms
evolve over hours or days and generally stabilize within a
few weeks, with slow or no subsequent progression. There
is little or no response to levodopa. The concentration of
homovanillic acid in the cerebrospinal fluid is low in pa-
tients with rapid-onset dystonia-parkinsonism and in some
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carriers (29), but PET studies indicate no loss of presynap-
tic dopaminergic nerve terminals (30).

Heredodegenerative Dystonia

Niemann-Pick Type C
Niemann-Pick type C (juvenile dystonic lipidosis) is a rare
neurovisceral disorder that is clinically and genetically het-
erogeneous (31). The disorder typically presents in late
childhood and culminates in death in the second decade,
but some cases start in the neonatal period and some with
adult-onset have been reported. Characteristic clinical signs
are hepatosplenomegaly and vertical supranuclear gaze
palsy, usually accompanied by neonatal jaundice, dystonia,
ataxia, or seizures. Foam cells in the bone marrow are char-
acteristic but not pathognomonic. A decreased rate of
cholesterol esterification in skin fibroblasts and abundant
staining of free, lysosomal cholesterol by filipin are diag-
nostic (32). The translocation of low-density lipoprotein-
derived cholesterol from lysosomes to the endoplasmic
reticulum and the Golgi apparatus is impaired due to mu-
tations in the Niemann-Pick type C1 gene on chromosome
18q11–12, which codes for a transmembrane pump (33) in
the vast majority of cases. Mutations in the Niemann-Pick
type C2 gene encoding for a lysosomal protein (HE2) with
cholesterol-binding properties (34) account for the rest.
Niemann-Pick type C1 and Niemann-Pick type C2 cannot
be differentiated clinically or histochemically.

Mitochondrial Disorders
Leigh syndrome is caused by defects in mitochondrial respi-
ratory chain enzymes such as cytochrome C oxidase (COX),
pyruvate dehydrogenase complex, Complex I, Complex II,
and biotinidase (35, 36). It presents during childhood or
early adolescence and causes widespread neurological dys-
function, including ataxia, spasticity, optic atrophy, develop-
mental delay, psychomotor retardation, and psychiatric
manifestations. Dystonia, although rarely a presenting sign,
is the most common (86%) movement disorder, followed
by parkinsonism, tremor, chorea, athetosis, myoclonus, and
tics (37, 38). The diagnosis is supported by serum lactic aci-
dosis and necrotic lesions in the basal ganglia on neu-
roimaging studies (38). Ragged red fibers on muscle biopsy,
mutations on mitochondrial DNA analysis, defective oxida-
tive phosphorylation on phosphorus magnetic resonance
spectroscopy of muscle, and elevated cerebrospinal fluid lac-
tate are useful ancillary tests. There is no specific treatment.

Amino Acid Disorders
Glutaric acidemia, type I (39), is an autosomal recessive
condition caused by deficiency of glutaryl-CoA dehydroge-
nase (GCDH). The gene, glutaryl-CoA dehydrogenase has
been mapped to 19p13.2 (39a).

It usually presents at some point between age 6 and 18
months with hypotonia and associated loss of head con-
trol, followed by progressive dystonia (opisthotonic
posturing, facial grimacing, tongue thrusting, and limb dys-

tonia) with relative preservation of intellect. Macrocephaly
is a common finding. Metabolic stress such as fever and
viral illness may lead to a dystonic storm that may be ac-
companied by encephalopathy and ketosis. The en-
cephalopathy results in striatal necrosis primarily affecting
medium spiny neurons (39b). Glutaric acid concentration
is increased in the blood, urine, and CSF. The presence of
3-hydroxyglutaric acid in urine is a unique finding. Defi-
cient glutaryl-CoA dehydrogenase activity in cultured skin
fibroblasts confirms the diagnosis. Dietary restriction of
glutarigenic amino acids (lysine, tryptophan, and hydrox-
ylysine), L-carnitine, and riboflavin is recommended as a
therapeutic measure. Propionic acidemia (40) and methyl-
malonic acidemia may also cause similar basal ganglia dys-
function and dystonia or chorea (41).

Secondary Dystonia

Acute Dystonic Reactions
Acute dystonic reactions typically involve the muscles of
the mouth, face, eyes, and neck with resultant combina-
tions of retrocollis, trismus, tongue protrusion, and upward
or lateral deviation of the eyes. They occur after exposure to
dopamine receptor blocking agents including neuroleptic
agents such as haloperidol and antiemetic agents such as
prochlorperazine. Acute dystonic reactions occur in over
50% of cases within the first day after exposure to
dopamine receptor blocking agents and approximately
90% within 5 days (42). The atypical neuroleptic agents are
generally associated with a lower incidence of acute dys-
tonic reactions. Risk factors include young age, male
gender, a primary psychotic disorder, and prior dystonic re-
actions. The risk of acute dystonic reactions may be greater
after administration of very potent dopamine receptor
blocking agents such as haloperidol or discontinuance of a
concurrently administered anticholinergic drug.

The treatment of acute dystonic reactions is parenteral
intravenous diphenhydramine or benztropine. A second-
line, but usually effective therapy is intravenous diazepam.
The impressive immediate response to these therapies
helps confirm the diagnosis as well. After acute resolution
of symptoms, it is wise to continue oral anticholinergic
agents for 2 weeks, especially if a long-acting dopamine re-
ceptor blocking agent was used or if dopamine receptor
blocking agent therapy will need to be continued.

Posttraumatic Dystonia
Dystonia can occur after significant craniocerebral trauma
resulting in thalamic or basal ganglia lesions (16, 43). Dys-
tonia can appear after head trauma within a few days of the
insult, but is more commonly delayed, sometimes as long
as several years. Once established, the dystonic movements
may progress over a period of years. Injury at a young age is
associated with a longer latency to onset of subsequent
movement disorder, a greater tendency to development of
generalized dystonia, and a greater probability of altered
handedness, perhaps due to age-related neuroplasticity
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(43). The delayed appearance of dystonia can be due to
resolution of hemiparesis or aberrant neural connections.
Focal dystonia and hemidystonia are the most common
clinical patterns seen in these patients.

Treatment of Dystonia
The symptomatic treatment of dystonia is often difficult
and characterized by incomplete responses. Dystonia may
be greatly improved by the treatment of specific underlying
causes such as the dramatic response of dopamine
responsive dystonia to low doses of levodopa. In this re-
gard, a trial of levodopa is recommended for all children
with primary dystonia. The anticholinergic medication tri-
hexyphenidyl has been used with good success in some pa-
tients with dystonia, but high doses (30 to 60 mg/day or
more) are often required to obtain maximum benefit (44).
The most common side effects are dry mouth, constipation,
decreased concentration, and blurred vision. If there is in-
adequate benefit from levodopa or trihexyphenidyl, ba-
clofen alone or in combination with trihexyphenidyl may
be beneficial (45). The most common side effect of ba-
clofen is sedation. Benzodiazepines may also be beneficial,
but often the benefit is limited by side effects or tolerance.
Botulinum toxin injections may be highly effective, espe-
cially if impairment or disability is attributable to a few
muscle groups. An intrathecal baclofen pump can be tried
for severe primary or secondary dystonia that is refractory
to medications. However, success is not universal, there are
potentially serious side effects, and maintenance can be dif-
ficult (46). Stereotaxic surgery (pallidotomy or pallidal
deep brain stimulation) has been used with increasing suc-
cess for a select group of patients, especially those with pri-
mary dystonia (47–49), but it should still be considered in-
vestigational (50). Some patients with secondary dystonia
may be more responsive to thalamic stimulation (51).

Chorea

Chorea is characterized by arrhythmic, nonstereotypic, rapid
and distally predominant flinging movements that ran-
domly flow from one body part to another. In pure chorea,
there is no sustained quality to any of these rapid move-
ments, as is usually the case in Sydenham’s chorea. In other
forms of chorea, such as that often seen in Huntington’s dis-
ease or levodopa-induced dyskinesia, there is a slower,
slightly sustained component to the movement, described
as choreoathetosis. When this slowing results in still more
prominent sustained postures superimposed on chorea, the
term “choreodystonia” is used. Ballism is considered by
most authorities to be a severe form of chorea in which
larger amplitude movements are seen with a predilection
for proximal portions of the limbs. When chorea or ballism
involve only one side of the body, the terms “hemichorea”
and “hemiballism” are used. Chorea can be caused by dis-
orders of the basal ganglia that are inherited, autoimmune,
infectious, metabolic, toxic, traumatic, or neoplastic.

Huntington’s Disease
Huntington’s disease is an autosomal dominant condition
caused by a cytosine-adenine-guanine (CAG) trinucleotide
expansion mutation on chromosome 4 in the gene coding
for huntington, a protein of unknown function. The Hunt-
ington’s disease phenotype is not always penetrant for repeat
sizes of 36 to 39, but is fully penetrant for alleles with repeats
of 40 or more (52). Although Huntington’s disease can begin
in adolescence or even earlier in childhood, or as late as age
70, most affected individuals begin to manifest clinical signs
of the illness during the third or fourth decade of life. Longer
repeat lengths appear to correlate with earlier onset and more
rapid disease progression (53). The phenomenon of progres-
sively earlier onset in successive generations of affected indi-
viduals, known as anticipation, is felt to be due to a further
increase in CAG repeat length during meiosis, especially
when the gene has been paternally inherited (54), as seen in
up to 80% of juvenile-onset Huntington’s disease (55).

In addition to chorea, motor impersistence (inability to
sustain tongue protrusion or apply a continuous grip to the
examiner’s fingers) and a dancing-type gait with poor bal-
ance are common. With progression of the illness, chorea
may become less prominent and be replaced by rigidity and
dystonia. Abnormalities of ocular motility including slowed
saccades, jerky pursuit, and impaired ability to initiate rapid
refixation saccades may also be among the early findings.

Cognitive, behavioral, and psychiatric symptoms in-
cluding executive dysfunction, irritability, depression, im-
pulsiveness, mania, and psychosis typically appear after the
development of motor abnormalities, but on occasion can
be the presenting signs (56). CT or MRI scans of the brain
typically reveal prominent atrophy of the head of the cau-
date. The duration of the illness from clinical onset to death
is usually between 15 and 20 years.

The earliest cognitive manifestations of Huntington’s
disease in asymptomatic carriers occurs in deficits in atten-
tion, working memory, verbal learning, verbal longterm
memory and learning of random associations (56a).

Juvenile Huntington’s disease is characterized by the on-
set of clinical symptoms prior to the age of 20 years. Af-
fected individuals in this age group differ from the adult
phenotype in that they more commonly present with an
akinetic-rigid syndrome (Westphal variant), have an in-
creased risk of seizures, suffer from learning disabilities,
and have rapid progression of disease (57). A child who
presented with major depression at age 10 years, which
then evolved into severe motor dysfunction at age 14, has
been described (57a).

The identification of presymptomatic Huntington’s dis-
ease carriers by genetic testing is a complex issue with many
ethical ramifications. Pre- and posttest psychological and
genetic counseling is required for asymptomatic individu-
als (58). Predictive testing in children under the age of 18
years is almost never recommended.

There is not yet any curative therapy for Huntington’s
disease. Both the irritability and depression associated with
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Huntington’s disease are responsive to treatment with se-
lective serotonin reuptake inhibitors. Benzodiazepines may
also be useful for irritability. Symptoms of psychosis can be
improved with standard neuroleptic agents, but the chronic
use of these agents can result in development of tardive
dyskinesia or parkinsonism. Atypical neuroleptic drugs
with a lower potential for extrapyramidal side effects such
as olanzapine (59) or clozapine (60) can also be used.
Clozapine must be used with great caution because of its
potentially serious complication of agranulocytosis. Mild
chorea does not require therapy, but more severe chorea
that interferes with motor skills or socialization should be
treated using neuroleptics or dopamine-depleting agents.
Levodopa or dopamine agonists are useful in treating aki-
nesia and rigidity, but they may exacerbate or uncover
chorea. Supportive treatment using physical and speech
therapy may help with the management of dysphagia,
speech, and gait disorders (61).

Fetal striatal transplantation has not provided clear ben-
efit despite survival of transplanted cells and has been as-
sociated with a high incidence of serious complications
(62). Coenzyme Q10 demonstrated a trend toward slowing
the functional decline in Huntington’s disease (63). Cas-
pase inhibitors to prevent the development of the neuronal
toxicity associated with the mutant protein are being eval-
uated (64).

Sydenham’s Chorea
Sydenham’s chorea typically occurs within 4 to 8 weeks
after an episode of Group A beta-hemolytic streptococcal
infection. Some have drawn an analogy between this
condition and the childhood neurobehavioral disorders
collectively termed PANDAS (pediatric autoimmune neu-
ropsychiatric disorders associated with streptococcal infec-
tion) (65). Although an autoimmune etiology has not been
unequivocally proven, the presence of serum antineuronal
antibodies in Sydenham’s chorea (66) and the reported
success of immunomodulating therapies such as plasma
exchange support this notion (67). With the advent of
effective antibiotic therapy for streptococcal infections, the
incidence of Sydenham’s chorea in the United States has
declined markedly. Sydenham’s chorea typically develops
in early childhood with a mean age at onset of 9 years.
Carditis is present in a large majority of patients (68), its
detection is enhanced by echocardiography (69). The
chorea itself is usually bilateral, although asymmetric, and
in up to 20% of cases it appears as hemichorea. Other neu-
rologic signs and symptoms include dysarthria, hypotonia,
and hypometric saccades. Behavioral abnormalities such as
obsessive compulsive symptoms, emotional lability, and
personality changes are common and often appear weeks
before and occasionally after the onset of chorea. One
survey found that 82% of children with Sydenham’s chorea
met diagnostic criteria for OCD (70). The behavioral and
motoric symptoms usually resolve within 9 months, some-
times leaving behind subtle signs of chorea. Up to 50% of

patients experience recurrent episodes of chorea, some-
times precipitated by subsequent streptococcal infections,
therapy with oral contraceptives, or pregnancy. The reap-
pearance or persistence of the original chorea suggests that
an acute attack of Sydenham’s chorea can result in irre-
versible changes in the basal ganglia in some patients (71).

Diagnostic studies are of limited use in evaluating
Sydenham’s chorea. Evidence of Group A beta-hemolytic
streptococcal infection, such as a positive throat culture or
an elevated antistreptolysin titer, is not consistently present
by the time chorea appears, often several months after the
acute infection. Although 10% of patients gave a history of
sore throat, group A streptococci were isolated in only 1.4%
of patients at the time of chorea onset (72). Anti-DNAse B
titers remain elevated for as long as a year and are therefore
more likely to be abnormal at the onset of chorea. MRI
scans of the brain in Sydenham’s chorea demonstrate
increased size of the caudate, putamen, and globus pallidus
(73) and occasionally show increased signal in the basal
ganglia (74). The specificity of antineuronal antibodies for
Sydenham’s chorea is not proven (75).

No specific therapy is required for mild chorea in this
self-limited condition. Valproic acid (76) or carba-
mazepine (77) may help moderately severe or persistent
chorea. For still more severe or refractory chorea, neurol-
eptic therapy may be required. Pimozide may be the agent
of choice because of its more favorable side effect profile in
children. When other therapies fail, oral or intravenous
corticosteroids, or rarely other immunomodulating
therapies such as plasma exchange and Intravenous
immunoglobulin, have been used (67). Penicillin remains
the most appropriate primary and secondary prophylaxis
for recurrent streptococcal infection (78).

Tardive Dyskinesia
Tardive dyskinesia consists of a variety of involuntary move-
ments appearing in a patient currently or recently exposed
(usually greater than 3 months) to chronic neuroleptic
therapy or another dopamine receptor blocking agent. In
addition to classic tardive dyskinesia, children are prone to
develop withdrawal dyskinesias when dopamine receptor
blocking agent therapy is discontinued. In one of the largest
recent series, 5.9% of children receiving antipsychotic
therapy with neuroleptics had tardive dyskinesia, and
14.5% of those whose treatment was stopped developed
withdrawal dyskinesias (79). Risk factors for developing
tardive dyskinesia or withdrawal dyskinesias in children,
other than exposure to typical neuroleptics (80), include a
high drug dosage, underlying CNS dysfunction, history of
extrapyramidal side effects, concurrent anticholinergic use,
and rapid antipsychotic dose taper, as well as presence of
autism or a history of perinatal complications (81). With-
drawal dyskinesias can appear within a few days to 2
months after dopamine receptor blocking agent withdrawal
but most commonly is seen after about 2 weeks. The value
of slow dopamine receptor blocking agent taper in avoiding
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withdrawal dyskinesias is not well established (80, 81).
Tardive dyskinesia seems to be rare in patients receiving
antipsychotic agents for Tourette’s syndrome (82).

The vast majority of children with tardive dyskinesia
have involuntary, choreiform movements of the face, lips,
tongue, and jaw, often resulting in a typical masticatory
pattern, while the extremities or the trunk are involved in
less than half of the cases (79, 81). The differential diagno-
sis of the classical choreic tardive syndrome in children in-
cludes Wilson’s disease, Sydenham’s chorea and chorea
gravidarum, systemic lupus, Huntington’s disease, hyper-
thyroidism, and lesion of the subthalamic nucleus or its
efferent or afferent connections.

Dopamine receptor hypersensitivity or a shift in the
balance of dopamine receptor subtype function (83, 84), as
well as a complementary mechanism involving GABA
insufficiency in the basal ganglia (85) has been postulated
to explain the pathophysiologic basis of tardive dyskinesia.

Early discontinuance of the neuroleptic or reduction to
the lowest required dosage is thought to improve the
chances for permanent remission and diminished clinical
disability (86), but the benefit of this approach has not
been proven in controlled trials (87). The chances for im-
provement after discontinuance of the dopamine receptor
blocking agent may be higher in younger patients and in
those with a shorter duration of therapy. Total withdrawal
of neuroleptics must be balanced against the risk of reemer-
gence of the underlying psychiatric disorder. One option is
to change therapy to an atypical neuroleptic such as cloza-
pine or olanzapine that is less likely to induce tardive dysk-
inesia. These agents can be used either to replace the more
typical antipsychotic agent that is required for continued
therapy or, in a patient who no longer requires neuroleptic
therapy, can be used to simply suppress the dyskinetic
movements. In adult patients, suppressive medical therapy
with dopamine-depleting agents such as reserpine (88) and
tetrabenazine (89) has been tried with some success.
Preliminary clinical studies have suggested that thiamine
(90), gabapentin (91), branched chain amino acids (92),
or vitamin E (93, 94) may be helpful. Although various
benzodiazepines have been proposed as therapy for tardive
dyskinesia, an extensive literature review indicated that
benzodiazepines were not better than placebo (95).
Tardive dystonia may respond to anticholinergic therapy;
when the cervical muscles are involved, botulinum toxin
injections are very effective (96).

Neuroacanthocytosis
Neuroacanthocytosis, previously referred to as choreoacan-
thocytosis, presents during childhood or any time during
adult life, most commonly in the fourth decade, and has an
average survival of 10 years after disease onset (97). The
gene (VPS13A) has been mapped to chromosome 9q21
(98) and encodes chorein, an evolutionarily conserved
protein that is involved in protein sorting. In addition to
chorea, dystonia, tics, and parkinsonism can be seen. A

characteristic orofaciolingual movement, “feeding dysto-
nia,” can sometimes be so profound as to lead to mutila-
tion of the lips and tongue. Other neurologic abnormalities
include seizures and a variety of neuropsychiatric symp-
toms including personality change, impulsivity, executive
dysfunction (99), and peripheral neuropathy (100). Pe-
ripheral smear reveals spiculated erythrocytes known as
acanthocytes, sometimes only seen by scanning electron
microscopy (101). Creatine kinase levels are typically ele-
vated and correlate with the generalized muscle atrophy
seen in this condition. MRI shows caudate and cortical
atrophy, as well as striatal hyperintensity on T2-weighted
sequences (102).

Other Genetic Causes of Chorea
Benign hereditary chorea presents in the first decade of life is
an isolated, nonprogressive autosomal dominant chorea
that is mapped to chromosome 14q (103). Chorea can
occasionally be seen in patients with trinucleotide repeat ex-
pansion disorders other than Huntington’s disease. A sub-
type of dentatorubropallidoluysian atrophy, an autosomal
dominant condition common in Japan but only infre-
quently observed in the Western Hemisphere, may mimic
Huntington’s disease (104). Chorea seen in autosomal dom-
inant spinocerebellar ataxia types 1 (105) and 2 (106) is not
the predominant neurologic finding. Several conditions,
clinically similar to Huntington’s disease but genetically dis-
tinct, have been identified, consistent with the observation
that approximately 1 to 7% of patients with phenotypically
classical Huntington’s disease do not have expanded CAG re-
peats in the IT15 gene on chromosome 4p (107).

Chorea Associated With Systematic Illness
Chorea can occur in patients with systematic lupus erythe-
matous or the antiphospholipid syndrome (108). Although
chorea associated with antiphospholipid syndrome can oc-
cur at any time in life, it is somewhat more likely to appear
in childhood. Once thought to be due entirely to vasculitis
and ischemia, the finding of striatal hypermetabolism in pa-
tients with antiphospholipid syndrome–related chorea and
the response of the symptoms to immunosuppressive ther-
apy suggest that this syndrome may be the result of an im-
mune-mediated striatal excitatory effect instead (109).

Hyperthyroidism occasionally causes chorea (110), or
even less commonly paroxysmal chorea (111). AIDS can be
associated with chorea or hemichorea through a variety
of mechanisms, including basal ganglia abscess, HIV
encephalopathy, and progressive multifocal leukoen-
cephalopathy (112). Children undergoing cardiac surgery
with deep hypothermia and extracorporeal circulation are
at risk for developing postoperative chorea that may resolve
within a few weeks or persist indefinitely (113).

Ballism
The large amplitude, proximally predominant flinging
movements that are characteristic of ballism are felt to exist
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on a clinical continuum with the smaller amplitude, more
distally predominant movements of chorea. The fact that
these two different types of abnormal involuntary move-
ments are pathophysiologically related is strengthened by
the observation that both may exist in the same individual
at the same time, and ballism, as it improves, may evolve
into chorea. Structural causes of hemiballism include
stroke, multiple sclerosis, abscess, neoplasm, Moyamoya
disease, or arteriovenous malformation that affect subtha-
lamic nucleus, or less commonly striatum, thalamus, and
cerebral cortex. A host of other pathologies including
encephalitis, systemic lupus erythematosus, basal ganglia
calcification, nonketotic hyperglycemia, or minor systemic
infection in children with static encephalopathy can also
result in hemiballism (114, 115). Hemiballism should be
treated aggressively using dopamine blocking or depleting
drugs, valproic acid, or even thalamic deep brain stimula-
tion (116) to prevent physical injury, extreme exhaustion,
or cardiac symptoms.

Myoclonus

Myoclonus is a lightning-like movement produced by a
sudden and brief muscle contraction (positive myoclonus)
or a muscle inhibition (negative myoclonus) (117). Aster-
ixis is an example of negative myoclonus. Myoclonus can
be classified according to its distribution (focal, multifocal,
segmental, or generalized), activation characteristics (spon-
taneous, reflex, or action), temporal profile (continuous or
intermittent, rhythmic or arrhythmic), site of origin (corti-
cal, subcortical [brainstem, reticular], spinal, or periph-
eral), and etiology (physiologic, essential, epileptic, or
symptomatic).

Posthypoxic myoclonus, reflex myoclonus seen in neu-
rodegenerative diseases such as neuronal ceroid lipofusci-
nosis, and epilepsia partialis continua are examples of
cortical myoclonus. Subcortical myoclonus is usually gen-
eralized and may be associated with an exaggerated startle
response (hyperekplexia). Examples of subcortical my-
oclonus include reticular reflex myoclonus, essential my-
oclonus, palatal myoclonus, and uremic myoclonus (118).
Symptomatic palatal myoclonus usually persists during
sleep, whereas essential palatal myoclonus disappears with
sleep (119). Essential palatal myoclonus frequently is
associated with an ear-clicking sound. Symptomatic palatal
myoclonus is often associated with hypertrophy of the infe-
rior olive that develops subsequent to a lesion involving the
dentate-olivary pathway in the Guillain-Mollaret triangle
(118) with accompanying impairment of cerebellar or
brainstem function (119). The differential diagnosis of
startle syndromes also includes reticular reflex myoclonus,
startle epilepsy, exaggerated startle in Tourette’s syndrome,
and hereditary hyperekplexia. This latter syndrome is an
autosomal dominant disorder of childhood, caused by
disinhibition of motor neurons resulting from mutations
on chromosome 5 in the gene for the glycine receptor (120),

leading to impaired glycine- and GABA (A)-receptor
transmission. Clonazepam is the treatment of choice (121).
In essential myoclonus, there are no other significant
neurological signs or symptoms.

Generalized myoclonus is believed to reflect discharges
arising from the brainstem reticular formation. Segmental
myoclonus consists of spontaneous and rhythmic (1 to 3
Hz) contractions of several contiguous muscle groups due
to discharges from the brainstem or the spinal cord (122).
Segmental myoclonus, usually, is symptomatic due to a tu-
mor, demyelinating process, spondylosis, infection, or a
degenerative condition (122). An irritative lesion affecting
a nerve root or a peripheral nerve may give rise to periph-
eral myoclonus (123). Hemifacial spasm, an example of
this condition, is most frequently attributed to compres-
sion of the facial nerve at the root exit zone by an ectatic
blood vessel, possibly resulting in ephaptic transmission. It
is characterized by involuntary, irregular, clonic, or tonic
movements of muscles innervated by the seventh cranial
nerve on one side of the face (124).

Physiologic myoclonus (sleep myoclonus, anxiety or
exercise-induced muscle jerks, hiccups, and benign
infantile myoclonus) is a normal phenomenon that is not
associated with disability (125).

The most common causes of epilepsia partialis continua
include cortical stroke and Rasmussen’s encephalitis, a dis-
order of childhood or adolescence caused by focal cortical
lesion or inflammation, possibly from viral infection
(126). Other epileptic myoclonias include childhood my-
oclonic epilepsies such as juvenile myoclonic epilepsy of
Janz, benign familial myoclonic epilepsy, and progressive
myoclonic epilepsy (117). The progressive forms of epilep-
tic myoclonus, seizures, and myoclonus may ultimately be
accompanied by encephalopathy after time (117).

Symptomatic myoclonus is frequently associated with an
identifiable static or progressive encephalopathy, often one
of the dementing syndromes (127). The underlying causes
include storage diseases, spinocerebellar degeneration, basal
ganglia degeneration, degenerative dementias, spongiform
encephalopathy, malabsorption syndromes, focal central
nervous system lesions, and encephalopathies due to mito-
chondrial, viral, metabolic, endocrinologic, toxic, traumatic,
hypoxic, or paraneoplastic causes (128). The progressive my-
oclonus epilepsies belong to the category of symptomatic
myoclonus. They are clinically characterized by stimulus
sensitive myoclonus, epilepsy, and progressive neurologic
deterioration in cognitive, motor, and psychiatric domains
depending on the etiology (129). Dentatorubropalli-
doluysian atrophy is a trinucleotide repeat—a CAG repeat
expansion in 12p13.31. Mitochondrial encephalomyopathy
with ragged red fibers (MERRF) arises from a RNA Lys muta-
tion in mitochondrial DNA. With the exception of these two
disorders, the progressive myoclonus epilepsies are mostly
autosomal recessive disorders (129). Specific mutations
have been identified in Lafora disease (gene for laforin or
dual specificity phosphatase on 6q), Unverricht-Lundborg
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disease (cystatin B in 21q), Jansky-Bielschowsky ceroid
lipofuscinoses (CLN2 gene for tripeptidyl peptidase 1 in
11q15), Finnish variant of late infantile ceroid lipofusci-
noses (CLN5 gene in 13q), juvenile ceroid lipofuscinoses or
Batten disease (CLN3 gene in 16p), a subtype of Batten
disease, and infantile ceroid lipofuscinoses of the Haltia-
Santavuori type (both caused by mutations in palmitoyl-
protein thiosterase gene at 1p) (129). Ramsay Hunt syn-
drome (dyssynergia cerebellaris myoclonica, progressive
myoclonic ataxia) is characterized by combination of ataxia
and myoclonus with infrequent seizures and absence of de-
mentia. Its differential diagnosis overlaps with that of pro-
gressive myoclonus epilepsies (130). A variety of drugs and
toxins can cause myoclonus (131, 132). The most common
of these are listed in Table 21.3.

Valproic acid and clonazepam probably improve my-
oclonus largely via their GABAergic activity (133). Leve-
tiracetam, an agent that increases adenosine metabolism
and modulates acetylcholine levels, has shown promising
efficacy in the treatment of cortical myoclonus (134)
and progressive myoclonus epilepsies (135), possibly by

reducing corticospinal excitability at the motor cortex level
(136). Posthypoxic myoclonus may respond dramatically
to 5-hydroxytryptophan, a direct precursor of serotonin,
supporting the serotonin deficiency hypothesis for its etiol-
ogy (137). Primidone, phenobarbital, diazepam, carba-
mazepine, baclofen, and phenytoin have also been used for
various types of myoclonus (131).

Tics and Tourette’s Syndrome

Tourette’syndrome, first characterized in 1885 by George
Gilles de la Tourette, is a relatively common, but complex
hereditary neurobehavioral disorder of unknown cause. It
is characterized by motor and vocal tics starting in child-
hood that often are accompanied by behavioral problems
such as OCD, ADHD, and lack of impulse control (138,
139). The clinical expression is often different in various
members of the family (140). Tourette’s syndrome is the
most common cause of tics and affects males approxi-
mately three times as frequently as females. Prevalence
estimates range from 0.7 to 4.2% (138).
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TABLE 21.3
ETIOLOGICAL CLASSIFICATION OF MYOCLONUS

1. Physiological Myoclonus

Sleep jerks, exercise-induced, hiccough, benign infantile myoclonus

2. Essential Myoclonus

Hereditary (may include myoclonus dystonia syndrome), sporadic

3. Epileptic Myoclonus

a. Component of epilepsy: Isolated epileptic myoclonic jerks, epilepsia partialis continua, photosensitive myoclonus, myoclonic
absence

b. Myoclonic epilepsies of childhood and adolescense: Infantile spasms, Lennox-Gastaut syndrome (myoclonic astatic epilepsy),
Aicardi’s infantile myoclonus epilepsy, Janz’s juvenile myoclonus epilepsy, benign familial myoclonic epilepsy

c. Progressive myoclonus epilepsy

4. Symptomatic Myoclonus

a. Hereditary: Progressive myoclonus epilepsy (Lafora body disease, Unverricht-Lundborg disease, neuronal ceroid lipofuscinosis,
dentadorubropallidoluysian atrophy), Friedreich’s ataxia, ataxia telangiectasia, Wilson’s disease, Hallervorden-Spatz disease,
Huntington’s disease, mitochondrial encephalopathies such as MERRF sialidosis, lipidoses (GM2 gangliosidosis, Tay-Sachs, Krabbe’s)

b. Neurodegenerative: Parkinson’s disease, Alzheimer’s disease, corticobasal ganglionic degeneration, multiple system atrophy,
progressive supranuclear palsy, pallidal degenerations

c. Acquired:
i. Drugs: Selective serotonin reuptake inhibitors, tricyclic antidepressants, lithium, levodopa, valproic acid, carbamazepine,

phenytoin, morphine
ii. Metabolic: Hepatic failure, renal failure, hypoglycemia, hyponatremia, dialysis syndrome, nonketotic hyperglycemia
iii. Toxins: Bismuth, heavy metals, methyl bromide, DDT
iv. Physical encephalopathies: Posthypoxic (Lance-Adams), posttraumatic, heat stroke, electric shock, decompression injury
v. Focal CNS lesions: Stroke, tumor, trauma, multiple sclerosis affecting the cortex, thalamus, brainstem (palatal myoclonus), or

spinal cord (segmental or spinal myoclonus)
vi. Infectious: Viral encephalitis (arbovirus, herpes simplex), subacute sclerosing panencephalitis, Creutzfeldt-Jakob disease,

postinfectious
vii. Psychogenic

DDT, dichlorodiphenyltrichloroethane; MERRF, myoclonic epilepsy and ragged red fibers.
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Other tic disorders include transient tic disorder,
chronic tic disorder, and secondary tics due to an identifi-
able cause. Both transient tic disorder and chronic tic dis-
order are idiopathic and typically start before age 18 years
(141). Patients with transient tic disorder have single or
multiple motor or vocal tics that occur for at least 4 weeks,
but for no longer than 12 consecutive months. Patients
with chronic tic disorder have single or multiple motor or
vocal tics, but not both, that have been present for more
than 1 year, during which time there was never a tic-free pe-
riod of more than 3 consecutive months.

Clinical Features

Tics and Motor Symptoms
Tics, the clinical hallmark of Tourette’s syndrome, are sud-
den, brief, intermittent, involuntary or semivoluntary
movements (motor tics) or sounds (phonic or vocal tics)
(138). They typically consist of simple or coordinated,
repetitive or sequential movements, gestures, and utter-
ances that mimic fragments of normal behavior. Simple
motor tics involve a limited number of muscles and can fur-
ther be classified as clonic (brief, jerking movements such as
blinking, nose twitching, or jerking of the head and limbs),
dystonic (slow, briefly sustained abnormal postures such as
blepharospasm, oculogyric movements, bruxism, torticol-
lis, and shoulder rotation), or tonic (isometric contractions
such as tensing of abdominal or limb muscles). Complex
motor tics, a sequence of intense and coordinated move-
ments, may resemble normal, purposeful motor acts or ges-
tures that are incorporated into the flow of movement, but
with inappropriate timing. Specific examples of complex
motor tics include obscene gestures (copropraxia) or imita-
tion of movements of others (echopraxia). Examples of typ-
ical simple vocal tics are sniffing, throat clearing, grunting,
screaming, coughing, and blowing. Complex vocal tics may
include seemingly meaningful but inappropriate utterances
and verbalizations. Specific examples include shouting of
obscenities (coprolalia), repetition of someone else’s words
or phrases (echolalia), and repetition of one’s own utter-
ances (palilalia).

Tics are often preceded by premonitory sensations or
psychological symptoms that are temporarily relieved after
the execution of the tic. These sensations may consist of lo-
calizable paresthesias, or discomfort such as a burning feel-
ing in the eye before an eye blink, tension, or sore throat
before throat clearing. Premonitory psychologic symptoms
include urges, as well as anxiety or a fear of a catastrophic
event if tics are not promptly or properly executed. Patients
may need to repeat a particular tic until this uncomfortable
feeling is relieved, suggesting a compulsive component.

Tourette’s syndrome patients can temporarily suppress
the frequency and severity of their tics volitionally or by con-
centrating on mental or physical tasks. Upon relaxation after
a period of tic suppression (e.g., coming home from school),
the tics may rebound. Suggestibility and exacerbation with
stress, excitement, boredom, or fatigue are other distinguish-

ing features (138). Tics can be socially disabling by causing
embarrassment and interference in interactions with others
or physically disabling by causing pain or discomfort (138).

The definitive criteria for the diagnosis of Tourette’s
syndrome (142) are (1) onset before the age 21 years; (2)
presence of both multiple motor tics and one or more
phonic tics at some time during the illness, although not
necessarily concurrently; (3) occurrence of tics many times
a day, nearly every day, or intermittently throughout a
period of more than 1 year; (4) change of the anatomical
location, number, frequency, type, complexity, or severity
of tics over time; (5) exclusion of other medical conditions
that can cause tics; and (6) confirmation of the tics by a
reliable examiner at some point during the illness by direct
examination or watching an audiovisual recording.

Tourette’s syndrome typically begins between ages 3 and
8 years and is manifested by age 11 years in the large ma-
jority of cases (143). Tics usually become most severe
around 10 years of age and then start declining thereafter.
By age 18 years, half of Tourette’s syndrome patients are
free of tics (144), especially by their own assessment, but
careful examination suggests that 50% of them continue to
have subtle tics (145). Males demonstrate substantially
more variability in improvement but overall tend to im-
prove more than females (146). In females, there has been
no consistent correlation between hormonal levels and
fluctuations in tics or OCD symptoms (147). In children
with developmental stuttering, one should look for clues
for Tourette’s syndrome, since careful study has suggested
that such signs may be present but undiagnosed in almost
50% of cases (148). Except for tics, the neurologic exami-
nation in Tourette’s syndrome is normal. Tics are evident in
all stages of sleep, and sleep abnormalities are observed in
Tourette’s syndrome (149). Table 21.4 displays the clinical
classification and etiology of tic disorders.

Behavioral-Cognitive Symptoms
Although intellectual ability is generally normal in
Tourette’s syndrome, specific cognitive deficits such as vi-
suomotor integration problems, impaired fine motor skill,
and executive dysfunction may be present (150). The pres-
ence of comorbid conditions, notably ADHD and OCD,
appear to significantly increase the likelihood of learning
problems or cognitive impairment. Behavioral disorders
such as ADHD, OCD, or both, are apparent at some time
during the course of Tourette’s syndrome in the majority
(60 to 80%) of patients (151, 152). Anxiety and mood dis-
orders may also be observed (153). They usually interfere
with personal, academic, and professional life more than
the tics and may lead to social and emotional maladjust-
ment if untreated. Impaired attention in Tourette’s
syndrome can result from a number of different factors:
comorbid ADHD, the intrusive thoughts associated with
OCD, the mental effort required to suppress tics and pre-
monitory urges, and as a result of sedation caused by the
drugs used to treat tics.
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Additional cognitive, behavioral and neurological ab-
normalities are seen in patients with Tourette’s syndrome
who have comorbid ADHD (152). Associated poor im-
pulse and anger control may lead to temper outbursts, rage,
inappropriate sexual aggressiveness, and antisocial or op-
positional behavior. Episodic rage can cause significant
morbidity (154). Self-injurious behavior (139) and mi-
graine headaches (155) are also associated with Tourette’s
syndrome. A less well appreciated but not unexpected fact
is that parents of children with Tourette’s syndrome have a
markedly increased caregiver burden and are themselves at
risk for psychiatric morbidity (156).

Pathogenesis
Although postmortem neuropathological examinations of
Tourette’s syndrome brains (157) and standard anatomical
neuroimaging studies have not revealed any specific
abnormalities, various biochemical, functional imaging,
neurophysiological, and genetic studies suggest that it is an
inherited, developmental disorder of synaptic neurotrans-
mission resulting in the disinhibition of cortico-striatal-
thalamic-cortical circuitry (138, 158, 159). The caudate
nucleus and the inferior prefrontal cortex have been
implicated in the pathogenesis of Tourette’s syndrome, as
well as in that of OCD and ADHD (138, 159, 160).

Volumetric MRI studies in Tourette’s syndrome show
loss of the normal asymmetry of the basal ganglia, which are

usually larger on the right, suggesting a developmental ab-
normality (160). Functional MRI studies reveal decreased
neuronal activity during periods of suppression in the ven-
tral globus pallidus, putamen, and thalamus and increased
activity in prefrontal, parietal, temporal, and cingulate
cortical areas; areas normally involved in the inhibition of
unwanted impulses (160). PET studies show a nonspecific
pattern of increased motor cortical activity, as in other
hyperkinetic disorders, as well as a specific brain network
characterized by a reduction in the activity of limbic basal
ganglia (especially caudate) thalamocortical projection
systems (161). There is temporally-related aberrant activity
in the interrelated sensorimotor, language, executive, and
paralimbic circuits during tics that may account for the ini-
tiation and execution of diverse motor and vocal behaviors,
as well as for the urges that often accompany them (162).

Using back-averaging electroencephalographic tech-
niques, the involuntary nature of tics has been demon-
strated in many Tourette’s syndrome patients by the absence
of the premovement potential (Bereitschafts potential) be-
fore the execution of motor tics. Its presence, however, in
other patients, suggests evidence of a voluntary component
to some tics (163). The shortened cortical silent period and
defective intracortical inhibition demonstrated by transcra-
nial magnetic stimulation may explain the decreased motor
inhibition and intrusive phenomena seen in Tourette’s
syndrome and OCD (164, 165). The inability to inactivate
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TABLE 21.4
ETIOLOGICAL CLASSIFICATION OF TICS

Primary

• Tourette’s syndrome
• Chronic (�1 year) tic disorder: Similar to Tourette’s except that patients have only either motor or

vocal tics, but not both
• Transient (�1 year) tic disorder: Similar to chronic tic disorder except total duration of the illness
• Adult-onset tic

Secondary Tics

• Drugs: Stimulants (amphetamines, methylphenydate, cocaine), levodopa, dopamine blockers
(tardive tourettism), carbamazepine, phenytoin, phenobarbital, lamotrigine

• Infectious/immunologic: Encephalitis, Sydenham’s chorea, neurosyphilis, Creutzfeldt-Jakob
disease

• Hereditary: Huntington’s disease, neuroacanthocytosis, Hallervorden-Spatz disease, Wilson’s
disease, tuberous sclerosis, primary dystonia, and chromosomal anomalies such as Down
syndrome, Klinefelter syndrome, and fragile X syndrome

• Others: Developmental disorders with mental retardation and behavioral problems, head trauma,
carbon monoxide poisoning, stroke, schizophrenia, neurodegenerative diseases

Related Disorders

• Stereotypies, habits, and mannerisms
• Akathisia
• Hyperekplexia
• Jumping Frenchmen of Maine, latah, myriachit
• Obsessive-compulsive disorder
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secondary motor areas when no movement is performed
possibly explains Tourette’s syndrome patients’ involuntary
urges to move, resulting in interference with accurate plan-
ning of voluntary behavior (166).

An alteration of neurotransmitters in Tourette’s syn-
drome has been suggested based on the relatively consis-
tent clinical responses to pharmacologic modulation of the
dopaminergic system in patients with the disorder. In-
creased binding of 3H-mazindol to presynaptic dopamine-
uptake-carrier sites indicates dopaminergic hyperinnerva-
tion of the ventral striatum and the associated limbic
system (167). High [18F] Fluorodopa accumulation in the
caudate nucleus and the substantia nigra and ventral
tegmental area provides evidence of high presynaptic
dopaminergic activity (168). However, the response of
some Tourette’s syndrome patients to dopamine agonist
therapy (169) calls into question the role of dopamine
overactivity. In addition to dopamine, other neurotrans-
mitters have been implicated in the pathophysiology of
Tourette’s syndrome. Low levels of serotonin in the brain-
stem, low levels of glutamate in the globus pallidus, and
low levels of cyclic adenosine monophosphate in the cor-
tex have been demonstrated in the few brains available for
postmortem study (157, 167).

Studies of twin have found a �90% concordance for tics
and Tourette’s syndrome, providing strong evidence of a
genetic etiology (170). Bilineal transmission is present in
25 to 41% of families with Tourette’s syndrome (171, 172).
Ethnic differences in the nature and frequency of vulnera-
ble alleles for Tourette’s syndrome and related disorders are
suggested by the finding that the rates of Tourette’s syn-
drome and related disorders in Japan are much lower than
those in studies on twin and family studies in the United
States and Western Europe (173). Genetic studies suggest a
rather complex inheritance pattern with elements of gen-
der-specific penetrance (males are more affected than fe-
males) and the possibility of multiple susceptibility genes
(174–177). Nongenetic prenatal factors also affect the phe-
notype since low birth weight (170), maternal life stress,
and nausea and vomiting during the first trimester of preg-
nancy (178) correlate with tic severity.

Some Tourette’s syndrome patients have been shown to
have elevated titers of antibodies to group A beta-hemolytic
streptococcus (179), possess the B-lymphocyte antigen
D8/17 (180), or display increased levels of antineuronal
antibodies against putamen (181), suggesting an immuno-
logic pathogenesis. The most recent attempts to passively
transfer antineuronal antibodies from the serum of
Tourette’s syndrome patients to animals have been unsuc-
cessful (182). Classification of Tourette’s syndrome under
the controversial category of pediatric autoimmune neu-
ropsychiatric disorders associated with streptococcus
infections (PANDAS) has been proposed (65). However,
well-designed and adequately controlled studies will be
needed to determine whether there is a true etiologic
relation between streptococcal infection and the onset or

exacerbation of childhood neuropsychiatric disorders such
as Tourette’s syndrome and whether the use of immune-
modifying therapies for these conditions is rational (183).

Treatment
Behavioral therapy, a beneficial ancillary modality (184),
and adjustments in the home, school, and classroom envi-
ronments through education play an important part in the
management of patients with Tourette’s syndrome and are
helpful in improving self-esteem and increasing motivation
(185). Pharmaceutical treatment should only be started
when symptoms begin to interfere with peer relationships,
social interactions, academic or job performance, or activi-
ties of daily living and should be tailored to the individual
needs of the patient by targeting the most troublesome
symptom first (138). Each medication and dosage regimen
should be given an adequate trial to avoid unnecessary
changes that might be made in response to normal varia-
tions in symptoms during the natural course of the disease.

Treatment of Tics
Neuroleptics are the most effective agents for treating tics.
However, given that their side effects include tardive dyski-
nesia, parkinsonism, sedation, depression, weight gain,
school phobia, and hepatotoxicity, they should be used ju-
diciously. The goal should be to relieve tic-related discom-
fort or embarrassment and to achieve a degree of control of
tics that allows the patient to function as normally as pos-
sible, rather than elimination of all the tics. Haloperidol
and pimozide are the only neuroleptic drugs currently ap-
proved by the Food and Drug Administration for the treat-
ment of Tourette’s syndrome. Pimozide has been found to
be superior to haloperidol for controlling tics at equivalent
doses, while causing fewer side effects (186). However, pi-
mozide may prolong the QT interval and requires periodi-
cal monitoring with electrocardiography.

Risperidone (187–189) and ziprasidone (190) have
been found to be beneficial in placebo-controlled, double-
blind studies. Other neuroleptics such as quetiapine (191),
fluphenazine, thioridazine, trifluoperazine, molindone,
thiothixene, or tiapride are also used. Tetrabenazine, a drug
that depletes monoamine and blocks the dopamine recep-
tors, is a powerful antitic drug that, unlike the conventional
neuroleptics, has not been demonstrated to cause tardive
dyskinesia (192). However, worsening of hyperkinetic
movement disorders while on tetrabenazine has been ob-
served in a small subset of patients (193).

Baclofen (194) and pergolide (169) have also been
demonstrated to be modestly useful in Tourette’s syndrome
by placebo-controlled, double-blind studies. Other drugs
found to be useful in the treatment of tics include clon-
azepam, quetiapine, olanzapine, cannabinoids, nicotine
gum, and transdermal nicotine patches, but none of these
drugs have been studied in well-designed, placebo-
controlled trials (195). Focal motor and vocal tics have also
been treated successfully with injections of botulinum
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toxin in the affected muscles (196–198). Such local chem-
ical denervation not only ameliorates involuntary move-
ments but may also eliminate the premonitory sensory
component. However, tic reduction may not necessarily
translate into global subjective improvement (196). Al-
though stereotactic surgery has not generally been found to
be useful in the treatment of tics (199), preliminary reports
of successful thalamatomy (200) and high-frequency deep-
brain stimulation of the thalamus (201) in severe, refrac-
tory Tourette’s syndrome are encouraging.

Treatment of Coexisting Behavioral Symptoms
Central nervous system stimulants, such as
methylphenidate, controlled-release methylphenidate,
dextroamphetamine, a mixture of amphetamine salts, and
pemoline, are very effective in the treatment of ADHD
(202). Potential side effects include nervousness, irritabil-
ity, insomnia, anorexia, abdominal pain, headaches, and
rare hepatotoxicity (pemoline) (203). Previous concerns
over the safety of stimulants used to treat Tourette’s syn-
drome have largely been erased (204). The initial increase
of severity and intensity of tics with stimulant use is usually
not sustained (205, 206), but if necessary, dopaminergic
blockers can be added for exacerbation of tics.

If central nervous system stimulants are not well toler-
ated or are contraindicated, presynaptic alpha2-adrenergic
agonists can be considered. Clonidine, also available as a
transdermal patch, and guanfacine (longer acting, less
sedative, and better tolerated) reduce the symptoms of
ADHD and impulse-control problems and may also ame-
liorate tics (207–209). The most frequently encountered
side effects of clonidine and guanfacine include sedation,
dry mouth, itchy eyes, dizziness, headaches, fatigability,
and postural hypotension. A randomized, double-blind
clinical trial found that methylphenidate and clonidine
(particularly in combination) are effective for ADHD in
children with comorbid tics (210). Other drugs occasion-
ally used in the treatment of mild cases of ADHD disorder
include selegiline (211) and tricyclic antidepressants, such
as imipramine, nortriptyline, and desipramine.

The selective serotonin-reuptake inhibitors (SSRIs) are the
most effective drugs for OCD (212) and can also help with as-
sociated anxiety and social phobias (213). In some refractory
cases they may need to be combined with buspirone,
clonazepam, lithium, or neuroleptics (214). With such com-
binations, one should be vigilant to monitor for serotonin
syndrome (confusion, hypomania, agitation, myoclonus,
hyperreflexia, sweating, tremor, diarrhea, and fever), with-
drawal phenomena, and possible extrapyramidal side effects
(215). Limbic leucotomy or cingulotomy may be considered
as a last resort in extremely severe and refractory OCD (216).

Paroxysmal Dyskinesias

Paroxysmal dyskinesias manifest as episodic chorea, dysto-
nia, ballism, or a mixture of these abnormal involuntary

movements (217). The patient is generally normal in be-
tween the episodes. Although some paroxysmal dyskinesias
respond well to therapy, they often go untreated because
they are commonly misdiagnosed as being psychogenic.
Paroxysmal dyskinesias are classified as “paroxysmal kine-
sigenic dyskinesia,” referring to disorders induced by
sudden movement, or “paroxysmal nonkinesigenic dyski-
nesia,” indicating those in which it is not (217). Those cases
in which exercise is the precipitating cause are described as
paroxysmal exercise-induced dyskinesia. The term “parox-
ysmal hypnogenic dyskinesia” is used when dyskinesias
occur only during sleep. The majority of paroxysmal dyski-
nesias are idiopathic (primary, familial), while approxi-
mately 20% are classified as symptomatic (secondary) due
to trauma, vascular lesions, multiple sclerosis, kernicterus,
and encephalitis (218).

Paroxysmal kinesigenic dyskinesia starts in childhood
and is characterized by a distinct predominance of males
(219). Family history is present in about a quarter of cases
and usually follows an autosomal dominant pattern of in-
heritance (219). Typical paroxysmal kinesigenic dyskinesia
(220) and the syndrome of benign familial infantile
convulsions and paroxysmal choreoathetosis (221) have
been linked to the pericentromic region of chromosome 16
(16p12–q12) and are also referred to as dystonia 10
(DYT10). Rolandic epilepsy with paroxysmal exercise-
induced dystonia and writer’s cramp has also been mapped
to this area (221a).

Attacks in paroxysmal kinesigenic dyskinesia usually
consist of episodes of dystonia or choreodystonia precipi-
tated by a sudden change in position such as moving
from a sitting to standing position. Startle, hyperventila-
tion, vigorous exercise, or a sudden change in the speed of
an ongoing movement can also induce an attack (219). A
premonitory phase consisting of tingling or other sensory
phenomena that is generalized or felt in the body part
that subsequently becomes dyskinetic occurs in most
cases (219). Attacks commonly involve the hemibody and
rarely generalize. Speech can be affected but there is no
change in consciousness. Typically, paroxysmal kinesi-
genic dyskinesia attacks last from seconds to 1 to 2 min-
utes and occur up to dozens of times per day with a
subsequent refractory period. Some patients can abort or
prevent an attack by stopping moving or starting their
movement slowly. The large majority of patients with
paroxysmal kinesigenic dyskinesia respond dramatically
to low doses of anticonvulsants, especially to carba-
mazepine or phenytoin (219). The attack frequency of
paroxysmal kinesigenic dyskinesia diminishes over time
with potential remission in adulthood (222).

Paroxysmal nonkinesigenic dyskinesia presents in child-
hood with intermittent episodes of involuntary movements
that are a mixture of dystonia and chorea (222). These
episodes are much more infrequent then those in paroxys-
mal kinesigenic dyskinesia but usually last for a few hours.
The attacks can be spontaneous, but more often there are
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one or more precipitants such as stress, fatigue, alcohol, or
caffeine. It may be possible to abort an attack by going to
sleep (223). Similar to paroxysmal kinesigenic dyskinesia,
there is a male predominance and a tendency for improve-
ment with age. The pattern of inheritance is autosomal
dominant with linkage to chromosome 2q, classified as
DYT8 (224). In sporadic cases, adulthood onset and female
predominance has been noted (225). Another paroxysmal
condition—referred to as choreoathetosis/spasticity,
episodic movement disorder, or DYT9—is linked to chro-
mosome 1p. These patients have accompanying perioral
paresthesias, diplopia, headache, generalized myoclonus
with seizures, and spastic paraparesis (226). Paroxysmal
nonkinesigenic dyskinesia is more difficult to treat than
paroxysmal kinesigenic dyskinesia (217). Clonazepam is
useful in some patients (225). Patients usually do not ben-
efit from anticonvulsants, but occasionally individuals re-
spond to levodopa suggestive of an abnormality of
dopamine metabolism in this disorder (227).

Paroxysmal exercise-induced dyskinesia is provoked by
ongoing exertion such as walking for at least 10 to 15 min-
utes. The dyskinetic episode usually lasts 5 to 30 minutes
(228). The attacks are usually dystonic and appear in the
body part involved in the exercise, such as leg dystonia af-
ter prolonged walking or jaw dystonia after chewing gum,
and then wane in 10 to 15 minutes after stopping the of-
fending exercise (229). Exposure to cold (230), or passive
movements and vibration (231) may also precipitate at-
tacks. Both sporadic and autosomal dominant cases have
been described, the latter being more common (228).
Anticonvulsants, levodopa, acetazolamide, and trihex-
iphenidyl have been used with limited success (228).

Paroxysmal hypnogenic dyskinesia is sporadic or famil-
ial (232–235). Affected individuals awaken often with a
shout or cry and then exhibit dystonic and ballistic move-
ments lasting up to 45 seconds, usually with no detectable
concurrent EEG abnormalities. Several attacks can occur
each night (232). Most cases, especially the familial ones,
have autosomal nocturnal frontal lobe epilepsy, which has
been linked to chromosomes 15q24 (236) and 20q13.2
(237), genes coding for the acetylcholine receptor (234,
235). Discharges arise from the mesial frontal lobe explain-
ing the difficulty in detecting EEG abnormalities on surface
recordings (235). Carbamazepine is an effective therapy for
most cases of paroxysmal hypnogenic dyskinesia (235).

Stereotypies

A stereotypy is a voluntary repetitive movement. Like tics, the
movement may be simple or complex. Typical stereotypies
include hand ringing, repetitive lip pursing, and body rock-
ing. This form of excessive movement is common in individ-
uals with moderate or severe mental retardation, autism, or
Rett syndrome and can also be seen as a part of the symptom
complex of tardive dyskinesia. Such repetitive behaviors can
be also induced environmentally in confined settings.

Confinement in adulthood results in a functional disorder
that rapidly dissipates when normal conditions are restored,
but confinement in infancy may have a more lasting effect
(238).

Rett Syndrome
Rett syndrome is one of the leading causes of mental retar-
dation and developmental regression in girls. The majority
of cases of sporadic Rett syndrome are caused by mutations
in the gene encoding methyl-CpG-binding protein 2
(MeCP2) (239) that likely regulates gene expression and
chromatin structure. The type of the specific mutation cou-
pled with possible variation in X-chromosome inactivation
appears to determine phenotype–genotype correlations
(240). After the first 6 months of life, there is developmental
slowing and loss of social interest accompanied by deceler-
ating brain growth. This is followed by a severe dementia
and loss of hand skills, development of stereotypies such as
frequent hand wringing, apraxia and ataxia, autistic features,
irregular breathing with hyperventilation, and seizures.
Patients stabilize somewhat during the preschool to school
years, associated with more emotional contact but also ab-
normalities of the autonomic and skeletal systems. After the
age of 15 to 20 years, a late motor deterioration occurs with
dystonia and spasticity, but seizures become milder (241).

OTHER MOVEMENT DISORDERS

Wilson’s Disease

Wilson’s disease is an autosomal recessive disorder due to
mutations in the ATP7B gene on chromosome 13q, which
encodes for a copper-transporting P-type adenosinetriphos-
phatase (ATPase) (242). More than 200 mutations of the
Wilson’s disease gene have been detected, and most patients
are compound heterozygotes who carry at least two muta-
tions (243). Correlations between genotype and phenotype
are weak. The disease occurs in every ethnic and geographic
population, with a worldwide prevalence of �1 in 30,000
and a heterozygous carrier frequency of �1 in 90 (243).

The abnormality in copper-transporting P-type ATPase
leads to a marked reduction in biliary copper excretion. Ini-
tially, copper accumulates in the liver, causing progressive
damage, but ultimately it overflows, producing toxic effects
in the brain and other sites, including the eye, kidney, bones,
and bone marrow. Symptoms usually start between the ages
of 11 and 25 years but can occur as early as 4 years of age and
rarely as late as in the sixth decade. The clinical features are
age dependent (244). In about half of patients, usually chil-
dren, the clinical onset may be heralded by hepatic distur-
bances. The initial manifestations of the illness are neuro-
logical in about 40% of patients (usually after the age of 12
years) and psychiatric in about 15% (245). Both modes of
presentation are almost always accompanied by Kayser-
Fleischer rings, golden brown copper depositions in the
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cornea. The diagnosis of Wilson’s disease may occasionally
be made when Kayser-Fleischer rings are observed during
routine ophthalmologic examination by slit-lamp (246).
Kayser-Fleischer rings may be absent in patients presenting
only with hepatic symptoms. In about 5% of patients, the
clinical onset reflects neither a hepatic nor a central nervous
system disturbance (247) but rather atypical features such as
primary or secondary amenorrhea. In about half of Wilson’s
disease patients, the initial symptoms are misinterpreted re-
sulting in an average delay of the diagnosis by 2 years.

In children, the initial neurologic symptoms usually con-
sist of progressive dystonia, rigidity, and dysarthria. Tremor
that typically involves the proximal upper extremity (“wing-
beating tremor”) is the most common presenting neurolog-
ical feature in adults. Many patients with neurological signs
of Wilson’s disease develop prominent disorders of speech,
swallowing and facial expression. Dysarthria can be a man-
ifestation of lingual and facial dystonia, parkinsonism with
hypophonia, or a result of cerebellar involvement with fea-
tures of scanning speech. Facial dystonia often results in a
peculiar grinning appearance. An akinetic-rigid state resem-
bling Parkinson’s disease can be seen, but chorea is uncom-
mon. Rarely, seizures are part of the syndrome.

Psychiatric or behavioral abnormalities occur in the ma-
jority of patients with Wilson’s disease. Although psychi-
atric symptoms are the presenting sign in a relatively small
percentage, they emerge somewhat later in the course of the
disease in the majority of patients. Symptoms range from
relatively mild behavioral manifestations in about 45.9%,
which include personality change, irritability and emo-
tional lability or aggression. Depression may occur in 27%.
Other less frequent psychiatric symptoms include anxiety,
psychosis, and catatonia (247a). In one study, depressive
symptomatology was shown to be negatively correlated
with presynaptic serotonin transporter availability (247b).
Dementia and psychosis may also occur. The dopamine
blocking drugs used to treat psychiatric symptoms of Wil-
son’s disease may incorrectly be considered the etiology of
later-developing extrapyramidal symptoms.

Diagnosis
Wilson’s disease should be considered in any young patient
with an unexplained liver disease or a movement disorder,
cognitive dysfunction, or psychiatric abnormalities. The
most useful laboratory screening test for Wilson’s disease is
plasma ceruloplasmin, which usually is less than 20 mg/dl.
Normal ceruloplasmin levels, however, can be present in
up to 5% of Wilson’s disease patients (248), and low ceru-
loplasmin levels can be seen in patients with other forms of
severe liver disease. The serum copper level is usually less
than 100 �g/dl in Wilson’s disease, and 24-hour urine ex-
cretion of copper is usually above 100 �g/24 hours (nor-
mal less than 50) (243). Since serum and urine copper
levels are influenced by dietary intake of copper, these tests
are not entirely reliable in the diagnosis of Wilson’s disease.
The diagnosis is confirmed by the demonstration of either

a serum ceruloplasmin level �20 mg/dL and Kayser-Fleis-
cher rings, or a serum ceruloplasmin level �20 mg/dL and
copper concentration in a liver biopsy sample �250 �g/g
dry weight (243, 247). Other abnormalities in Wilson’s dis-
ease include hemolytic anemia, hematuria, abnormalities
in liver and renal function, increased excretion of amino
acids in the urine, and elevated CSF levels of copper. MRI
scans of the brain are usually abnormal (249) and may
show decreased signal intensity on T1-weighted scans, and
on T2-weighted scans hyperintensity in the striatum and
superior colliculi. A characteristic, but rare MRI finding is
increased signal intensity in the midbrain tegmentum (ex-
cept for the red nucleus) and in the lateral substantial nigra
pars reticulata, giving the appearance of “face of the giant
panda” on T2-weighted images (250). Due to the high
number of possible mutations over the entire length of the
gene, commercial genetic testing is not feasible. However,
genetic testing of full siblings of Wilson’s disease patients
can be useful in identifying presymptomatic individuals
and starting prophylactic treatment (251).

Postmortem examination of the brain shows Alzheimer
type II astrocytes in the striatum, and Opalski cells in the
gray matter (252, 253) with 10- to 15-fold increased
concentration of copper in all brain regions.

Treatment
Pharmacological treatment is aimed at preventing or re-
versing the copper deposition. The strategies include a low
copper diet, removing copper by the use of chelating agents
(D-penicillamine, trientine hydrochloride, British An-
tilewisite-BAL, and tetrathiomolybdate), and maintenance
therapy with zinc salts that compete for intestinal copper
absorption and stimulate the production of the copper-
sequestering protein metallothionein in the liver (243).
Penicillamine therapy can result in initial worsening due to
mobilization of copper stores. Symptomatic therapies for
the movement disorders associated with Wilson’s disease
include levodopa for parkinsonism and anticholinergics or
botulinum toxin for dystonia.

Liver transplantation is indicated in cases of fulminant
hepatitis and Coombs-negative hemolytic anemia or if pro-
gressive hepatic insufficiency occurs despite adequate treat-
ment with penicillamine or trientine (254). Although an
improvement of the neurologic picture has been seen in al-
most 80% of cases, the decision to perform liver transplan-
tation in patients with Wilson’s disease solely on the basis
of neurological impairment must be considered experi-
mental (255).

Wilson’s disease treatment must be continued for life.
Inadequate treatment or interruption of therapy can be fa-
tal or cause an irreversible relapse.

Hallervorden-Spatz Syndrome

Hallervorden-Spatz syndrome, now referred to as neurode-
generation with brain iron accumulation (256), is an
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autosomal recessive disorder that usually presents in child-
hood and is characterized by dystonia, parkinsonism, and
iron accumulation in the brain (257). Additional features
may include spasticity, progressive intellectual impairment,
retinitis pigmentosa or optic atrophy (258), tourettism, or
hemiballism (259). Many patients with this disease have
mutations in the gene encoding pantothenate kinase 2
(PANK2); these patients are said to have pantothenate
kinase-associated neurodegeneration (257). Hypoprebetal-
ipoproteinemia, acanthocytosis, retinitis pigmentosa, and
pallidal degeneration (HARP syndrome) are part of the pan-
tothenate kinase-associated neurodegeneration disease spec-
trum (260).

There is considerable clinical variation from patient to
patient and even within the same family (261). The disease
is progressive. Patients who become symptomatic in early
childhood have the most rapid progression. Adults progress
more slowly, with the mean survival being 11 years (262).
Those who present in late childhood progress at an inter-
mediate rate. In a large series of patients with neurodegen-
eration with brain iron accumulation, all patients with the
classical syndrome (characterized by early onset with rapid
progression) and approximately one third of those with
atypical disease (later onset with slow progression) had
PANK2 mutations (257). Patients with atypical disease who
had PANK2 mutations were more likely to have prominent
speech-related and psychiatric symptoms than patients with
classic disease or mutation-negative patients with atypical
disease. Predicted levels of PANK2 protein correlated with
the severity of disease (257). On T2-weighted MRI of the
brain, all patients with neurodegeneration with brain iron
accumulation, whether classic or atypical, have hyperinten-
sity within the hypointense medial globus pallidus (“eye of
the tiger” pattern (263)), a pattern not seen in any patients
without PANK2 mutations (257).

The pathology of neurodegeneration with brain iron
accumulation/pantothenate kinase-associated neurode-
generation includes iron accumulation, demyelination,
and gliosis especially in the globus pallidus and pars retic-
ulata of the substantia nigra. Swollen axons, also known as
axonal spheroids, and Lewy-type bodies are present (264,
265). Both the Lewy-like bodies and the axonal spheroids
seen in this disorder have been found to contain �-synu-
clein, linking this disease to the class of degenerative con-
ditions collectively termed the synucleinopathies, which
also includes Parkinson’s disease (266).

There is no curative therapy for neurodegeneration with
brain iron accumulation or pantothenate kinase-associated
neurodegeneration. Iron chelation therapy has not been
successful in this condition. Symptomatically, dystonia re-
sponds to levodopa, dopamine agonists, or anticholinergic
agents in some patients (258). Sterotactic pallidotomy has
been reported to be a benefit for relieving painful dystonia
and improving limb function in a single case (267). Lev-
odopa may also be useful to treat parkinsonism in late-on-
set patients (268). Antioxidant therapies have been pro-

posed to treat this disorder, based on histologic evidence of
oxidative stress and lipid peroxidation that has been found
in autopsy studies (269).

Psychogenic Movement Disorders

Psychogenic movement disorders are defined as abnormal
movements for which no organic cause can be found or is
likely. In this respect, they are ultimately considered to
be due to a somatoform disorder or a result of overt
malingering. The diagnosis is often suggested by abnor-
mal movements that conform to a pattern of onset, inter-
mittency, inconstancy, medication responsiveness, or
anatomic distribution that is not seen in any of the recog-
nized organic movement disorder syndromes. In addition
to these atypical clinical features, a variety of behavioral or
historical risk factors have been associated with the devel-
opment of psychogenic movement disorders (270), such
as a history of psychiatric treatment, suicide attempt, self-
injurious behavior, drug or alcohol use, physical or sexual
abuse, previous somatization, exposure to a person with
an organic movement disorder, or medicolegal conflict
over the current or a past illness. Added to these risk fac-
tors are accompanying clinical findings such as false
weakness or anatomically unlikely sensory loss. Yet the
clinician must be aware that 100% accuracy cannot be
achieved even when the maximal numbers of predictors
are present. Confounding issues include patients with
bonafide movement disorders who also manifest concur-
rent psychogenic movements or bizarre exaggerations of a
true underlying abnormal movement, which then domi-
nates the clinical syndrome (271).

Tremor is the most commonly encountered psychogenic
movement disorder followed by dystonia (272). Psy-
chogenic tremor often changes frequency or direction
within the span of a few minutes and often displays an in-
termittency that cannot be associated with any apparent
precipitating factors such as a specific position or motor ac-
tivity. A common feature of psychogenic dystonia is abrupt
onset, rapid progression, and immediate progression to a
fixed dystonic posture.

The treatment of a psychogenic movement disorder in-
volves informing the patient, family members, and care-
givers of the diagnosis and the relatively high degree of
certainty of its correctness. A confrontational approach
must be avoided and commentary on the validity of other
physician’s opinions should not be central to the discus-
sion, as opposed to the current diagnostic process and con-
clusions. Referral to a mental health professional with an
interest and expertise in these disorders should be sug-
gested as an option. Despite this approach, experience has
suggested that these disorders are often relatively refractory
to therapy. Poor outcome with respect to resolution of
these movements appears to be associated with long dura-
tion of symptoms, insidious onset of movements, and psy-
chiatric comorbidity (273).
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INTRODUCTION

Epilepsy occurs in 4 per 1,000 children (Hauser and Hes-
dorffer, 1990) with a lifetime incidence of 4 to 9 /1,000 in
10-year-old children (Murphy et al., 1995). Since epilepsy
is a recurrent chronic disorder that involves the brain, child
clinicians need to be aware of the neurological and behav-
ioral aspects of this disorder to understand the impact of
this illness on the child and his or her family.

The Commission on Classification and Terminology
of the International League Against Epilepsy (1989) di-
vided the epileptic syndromes by seizure types (i.e., partial,
focal, or localized versus generalized) and by etiology into
idiopathic (primary) or symptomatic (secondary) (Table
22.1). Using the Commission classification, this chapter
describes the clinical and behavioral aspects of the most
common epileptic syndromes in childhood and adoles-
cence. It then reviews the clinical manifestations, associ-
ated disorders, diagnosis, and treatment of pseudoseizures
in childhood and adolescence. The chapter concludes with
a brief discussion on how epilepsy affects school achieve-
ment, cognition, and language in children.

LOCALIZATION-RELATED EPILEPSIES
AND SYNDROMES

Symptomatic

Temporal Lobe Epilepsy (TLE)
Seizures originating from the temporal lobe can be simple
partial, complex partial, secondarily generalized, or a com-
bination of the above (Commission, 1989). As described
for adolescents and adults, the etiology of temporal lobe

epilepsy in childhood includes mesial temporal sclerosis,
tumors, and cortical dysplasia (Aso et al., 1994; Porter et
al., 2003; Wyllie et al., 1993). However, dual pathology
involving both mesial temporal sclerosis (hippocampal
pathology) and cortical dysplasia is more common in chil-
dren with temporal lobe epilepsy (Bocti et al., 2003; Mo-
hamed et al., 2001).

Nonetheless, the younger the cohort of children, the more
infrequent is mesial temporal (hippocampal) sclerosis. Mag-
netic resonance imaging (MRI) studies show that only 46%
of children and 44% of adolescents with temporal lobe
epilepsy have focal atrophy of the hippocampal head or
body; whereas the remaining patients in these age groups
have asymmetry of total hippocampal volumes (Mohamed et
al., 2001). As described for adults, the presence of mesial tem-
poral sclerosis in childhood is associated with a history of
febrile convulsions and status epilepticus (Aso et al., 1994;
Harvey et al., 1993; Scott et al., 2001; Wyllie et al., 1993).

In terms of ictal semiology, simple partial seizures of
temporal origin present with sensory (e.g., rising unpleas-
ant epigastric sensation, olfactory or auditory hallucina-
tions or illusions), autonomic (e.g., nausea, vomiting), or
psychic symptoms (e.g., forced thinking, déja vue, déja en-
tendu) (Commission, 1989). Complex partial seizures last
less than 1 minute and present with loss of consciousness,
a motor arrest, oroalimentary automatisms followed by
other automatisms, and postictal confusion or amnesia
(Commission, 1989).

In contrast to adults, the clinical manifestations of tem-
poral lobe epilepsy in children are not homogenous and
motor phenomena, such as tonic, clonic, hypermotor
movements as well as epileptic spasms, occur (see the re-
view in Fogarasi et al., 2002). Other ictal manifestations of
temporal lobe seizures in children include shouting, tonic
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TABLE 22.1
CLASSIFICATION OF EPILEPSY AND EPILEPTIC SYNDROMES

1. Localization-Related Epilepsies

a. Partial (Focal)
Temporal lobe epilepsy
Frontal lobe epilepsy
Parietal lobe epilepsy
Occipital lobe epilepsy

b. Idiopathic
Benign rolandic with centro-temporal spike
Childhood epilepsy with occipital paroxysms
Primary reading epilepsy

c. Symptomatic
Chronic progressive epilepsia partialis continua of childhood (Kojewnikow’s syndrome)

2. Generalized Epilepsies and Syndromes

a. Idiopathic
Benign neonatal familial convulsions
Benign neonatal convulsions
Benign myoclonic epilepsy in infancy
Childhood absence epilepsy
Juvenile absence epilepsy
Juvenile myoclonic epilepsy
Epilepsy with grand mal seizures on awakening
Other generalized epilepsies not defined previously

b. Cryptogenic or symptomatic
West syndrome (infantile spasms)
Lennox-Gastaut syndrome
Epilepsy with myoclonic-astatic seizures
Epilepsy with myoclonic absences

c. Symptomatic
Epilepsies and syndromes undetermined whether focal or generalized
Neonatal seizures
Severe myoclonic epilepsy in infancy
Epilepsy with continuous spike-waves during slow wave sleep
Acquired epileptic aphasia (Landau-Kleffner syndrome)

3. Special Syndromes

Febrile convulsions
Isolated seizures or isolated status epilepticus
Seizures with acute metabolic or toxic event

Source: Adapted from Commission on Classification and Terminology of the International League Against
Epilepsy, 1989.

posturing, versive seizures, vomiting, eye deviation, and
laughing, but these are more infrequent in children (Aso et
al., 1994; Olbrich et al., 2002).

In terms of auras, like adults, children with temporal
lobe epilepsy due to mesial temporal sclerosis have ab-
dominal or gustatory auras (Wyllie et al., 1993) or rising
epigastric sensation (Aso et al., 1994); whereas those with-
out mesial temporal sclerosis have more complex auras
with somatosensory and visual phenomena, dizziness, or
headache (Aso et al., 1994; Wyllie et al., 1993). The au-
tomatisms of complex partial seizures are, however, more
infrequent and simpler in children compared to adults and
are limited to lip smacking and fumbling hand gestures

(Mohammed et al., 2001; Wyllie et al., 1993). Secondary
generalization occurs infrequently in 2 to 24% of the
seizures of children with temporal lobe epilepsy (Aso et al.,
1994; Wyllie et al., 1993).

Whereas the EEG of adolescents with temporal lobe
epilepsy present with unilateral anterior temporal interictal
spikes, the anterior temporal spikes of children with tem-
poral lobe epilepsy are associated with mid/posterior
temporal, bilateral temporal, extratemporal, or generalized
spikes in 60% of the cases (Mohammed et al., 2001).

Studies on the course and outcome of pediatric tempo-
ral lobe epilepsy indicate that these are difficult-to-control
seizures and usually do not remit spontaneously (Aso et al.,
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1994). A retrospective chart study of 120 children, ages 1 to
18 years revealed that failure of the first antiepileptic drug
(AED) trial accurately predicts refractory pediatric TLE at
the 2-year follow-up (Dlugos et al., 2001). Bilateral tempo-
ral interictal sharp waves and bilateral hippocampal
sclerosis on MRI are associated with a tendency for lower
seizure-free outcome at the 2.6 year follow-up (Mohamed
et al., 2001).

In terms of long-term outcome, in a prospective study
Lindsay et al. (1979a) reported that one third of 100 chil-
dren with temporal lobe epilepsy were seizure free as
adults. However, they might have included cases of benign
focal epilepsy of childhood (discussed later), an entity un-
known at that time, in their sample (Kotagal et al., 1987).
Aso et al. (1994) described a similar course in children with
mesial temporal sclerosis and in those with other underly-
ing etiologies. This finding led Aso et al. (1994) to
conclude that, irrespective of the underlying pathology, pe-
diatric complex partial seizures originating from the tem-
poral lobe have a bad prognosis.

Behavioral Aspects of Temporal Lobe Epilepsy
Several older studies suggest that children with temporal
lobe epilepsy have characteristic behavioral disturbances
(Hoare, 1991; Lindsay et al., 1979a, 1979b, 1984; Rutter et
al., 1970; Stores, 1978a; Stores et al., Taylor, 1975), partic-
ularly if they have left-sided foci (Lindsay et al., 1979b,
1984; Stores, 1978a). These include hyperactivity, antiso-
cial behavior, and aggression (Hoare, 1991; Rutter et al.,
1970; Stores, 1978), and a schizophrenia-like psychosis
(Caplan et al., 1991; Lindsay et al., 1979a and b).

Antisocial behavior was related to male sex, poor seizure
control, low IQ, and childhood rages (Lindsay et al., 1979a,
179b; Stores, 1978a, 1978b). Lindsay et al. (1979a) re-
ported that 10% of children with temporal lobe epilepsy
developed psychosis by adulthood, in particular, if they
had experienced cataclysmic rage attacks and hyperkinetic
reactions in childhood. The schizophrenia-like psychosis
appeared to be associated with hallucinations, delusions,
and illogical thinking but not with loose associations or
negative signs of schizophrenia (Caplan et al., 1991,
1992a). Unlike adults with temporal lobe epilepsy and
schizophrenia-like psychosis (Dongier, 1959; Kristensen
and Sindrup, 1978; Landolt, 1958; Pakalnis et al., 1987;
Slater et al., 1963), middle childhood onset of interictal
psychosis was not associated with a long latency period,
seizure control, or normalization of EEG (Caplan et al.,
1991). Despite these behavioral difficulties, a prospective
study by Lindsay et al. (1979a, 1979b) demonstrated a sig-
nificant reduction of behavioral disturbances in adulthood
compared to adolescence, particularly if seizures were con-
trolled prior to age 12 years.

In contrast to these findings, Kaminer et al. (1988) were
unable to demonstrate increased psychopathology in
adolescents with temporal lobe epilepsy compared to ado-
lescents with asthma. Other researchers were unable to

identify differences in measures of psychopathology in
children with temporal lobe and generalized epilepsy (Her-
mann et al., 1988; Whitman et al., 1982). Camfield et al.
(1979) found that dysfunction on neuropsychological tests
rather than lateralization of the temporal lobe focus was
related to differences in the psychopathology profile of
children with epilepsy.

Studies indicate high rates of psychopathology in chil-
dren with complex partial seizures, many of whom have
temporal lobe epilepsy. Sixty percent of the children have
an axis I diagnosis compared to age- and gender-matched
normal control subjects (Caplan et al., 2004). Subtle verbal
difficulties, not seizure variables, are a robust predictor of
these behavioral problems (Caplan et al., 2004). Of note,
this high rate of behavioral problems is not specific for chil-
dren with TLE and is also found in childhood absence
epilepsy (Caplan et al., 1998; Ott et al., 2001, 2003).

Shortterm follow-up 3 months after surgery of 21 sur-
gically treated children with intractable epilepsy, 13 of
whom had anterior temporal lobectomy, showed
significant improvement in parent-based internalizing, ex-
ternalizing, attention, and thought problems of the Child
Behavior Checklist (Achenbach, 1991) compared to
presurgical measures and to a control group of medically
treated children with comparable psychopathology scores
(Lendt et al., 2000). A good seizure outcome predicted
these behavioral changes similar to the findings of earlier
studies indicating reduced aggression in surgically treated
TLE children with seizure control (Green, 1977; Hopkins
and Klug, 1991; Lindsay et al., 1984). However, none of
these earlier studies used standardized psychiatric instru-
ments to follow the postoperative behavioral changes of a
representative sample of children undergoing temporal
lobectomy.

In contrast, seizure variables were unrelated to the find-
ings of a follow-up study of 30 children who had anterior
temporal lobectomy compared to 21 medically controlled
children with intractable TLE. There were no psychosocial
differences between the groups 1 year after surgery other
than a trend toward promotion of independence and less
satisfaction with the family of the surgical patients (Smith
et al., 2004).

Lower IQ scores and impaired performance on neu-
ropsychological tests are also found in both new onset
(Hermann et al., 2005) and chronic childhood temporal
lobe epilepsy (Caplan et al., 2004; Schoenfeld et al., 1999).
These neuropsychological deficits have been associated
with reduction in total white matter volume in the chronic
patients (Hermann et al., 2002) but not in the new onset
patients (Hermann et al., 2005). Parent reports support at-
tentional difficulties, particularly in children with left-sided
lesions (Duval et al., 2002).

In children who had temporal lobe epilepsy surgery, ear-
lier reports indicated unchanged cognition and memory
(Miranda and Smith, 2001; Williams et al., 1998), decline
in memory and language (Szabo et al., 1998), or improved

Chapter 22: Epilepsy Syndromes in Childhood 455

75191_ch22.qxd  9/28/05  23:16  Page 455



attention and memory (Lendt et al., 1999; Mabbott and
Smith, 2003). Smith et al. (2004) found no difference at
the 1-year follow-up in cognition and behavior in children
who had undergone epilepsy surgery compared to medical
control subjects. Compared to children with other epilepsy
syndromes (e.g., frontal lobe epilepsy, childhood absence
epilepsy), children with temporal lobe epilepsy have sig-
nificantly worse memory function and reduced perfor-
mance on most verbal and visual tasks (Nolan et al., 2004).

In addition, these children have significantly impaired lin-
guistic skills when compared to either normal (Caplan et al.,
2004) or sibling-control subjects (Schoenfeld et al., 1999). In
formulating and organizing their thoughts, they also perform
poorly compared to age- and gender-matched normal sub-
jects (Caplan et al., 2002a). Additionally, they monitor and
correct communication breakdowns more infrequently than
do the normal children (Caplan et al., 2001).

Diagnosis
A child who presents with abdominal, gustatory, so-
matosensory, or psychic aura automatisms, such as lip
smacking or hand gestures, decreased level of awareness,
and postictal amnesia, might have temporal lobe epilepsy.
An EEG finding of focal interictal spikes or sharp waves in
the temporal area using scalp or depth electrodes will con-
firm the diagnosis.

The differential diagnosis should include other seizure
disorders, such as childhood absence epilepsy if the child
presents with absences; frontal lobe epilepsy if the child
presents with aura, motor seizures, or tonic versive seizures;
benign focal epilepsy if the seizures are nocturnal and
involve the orofacial area; and benign occipital epilepsy if
the child presents with visual aura. Psychic symptoms, like
hallucinations, illusions, and forced thinking, that occur
during temporal lobe epilepsy auras need to be differenti-
ated from those that occur in psychoses, such as
schizophrenia, manic depressive disorder, psychosis not
otherwise specified, or dissociative psychosis associated
with posttraumatic stress disorder.

Ictal psychic symptoms are stereotyped and consistent
across ictal episodes. In contrast, the form and content of the
hallucinations, illusions, and abnormal thoughts of psy-
chotic children vary over time. Furthermore, children with
ictal auditory hallucination usually do not recall the content
of their hallucinations. Psychotic children describe the con-
tent, albeit bizarre, of their auditory hallucinations. Ictal psy-
chic phenomena cause marked subjective distress to children
who perceive them as an unreal experience. In the acute
phase of psychosis, children might respond with subjective
distress and insight as to the unreal nature of the experience.
The child with chronic psychosis, however, does not become
upset and has poor reality testing when he or she experiences
hallucinations, illusions, or forced thinking.

Finally, forced thinking should be differentiated from
the obsessions of obsessive-compulsive disorder. Forced
thinking and obsessions can both cause subjective distress

in the child. Unlike the epileptic child with stereotyped
forced thinking, the child with obsessive-compulsive disor-
der usually has more than one obsession, and these obses-
sions change over time.

Treatment
The drugs commonly used in children with temporal lobe
epilepsy include carbamazepine and valproic acid, and
more recently lamotrigine, topiramate, oxcarbazepine, and
gabapentin (French et al., 2004). Children who fail to re-
spond to the first AED have a high rate of treatment failure
(89%) to a subsequent AED trial (Dlugos et al., 2001). An-
terior temporal lobectomy (Clusmann et al., 2004; Sinclair
et al., 2004) and vagal nerve stimulation have variable
success rates. Normal intelligence at baseline and tumor as
etiology are associated with better outcome in pediatric
epilepsy surgery that also includes anterior temporal lobec-
tomy (Gashlan et al., 1999; Sherman et al., 2003).

Frontal Lobe Epilepsy
A good understanding of the clinical and behavioral as-
pects of this epileptic syndrome is important because they
often involve bizarre behaviors (Chauvel et al., 1995;
Delgado-Escueta et al., 1994) that are labeled as hysteria
(Saygi et al., 1992; Stores et al., 1991) or other psychiatric
syndromes (Boone et al., 1988; Sinclair et al., 2004). In ad-
dition to bizarre behaviors, this syndrome poses diagnostic
difficulties because the ictal and interictal scalp EEG is of-
ten normal, particularly in patients with mesial or orbital
frontal lobe epilepsy (Shigematsu et al., 1992; Van Ness,
1993; Williamson et al., 1985).

Typically, frontal lobe seizures are characterized by
auras, bilateral coarse and upper extremity movements,
rare oroalimentary automatisms, short duration of less
than 1 minute, minimal postictal confusion, and frequent
seizures (Kotagal et al., 2003; Laskowitz et al., 1995; Ques-
ney et al., 1992; Salanova et al., 1995; Wieser et al., 1992;
Williamson, 1992, 1995). The clinical presentation of
frontal lobe seizures depends on the anatomical location of
the focus and ipsilateral or bilateral seizure spread.

There are different opinions on the anatomical classifi-
cation of frontal lobe seizures (Quesney et al., 1992), and
in some cases the epileptic zone might be a continuum
rather than a discrete focus (Quesney et al., 1990). Penfield
and Jasper (1954) originally classified them into focal mo-
tor seizures, supplementary motor seizures, and psy-
chomotor seizures, and this classification is supported by
Wieser et al.’s (1983) cluster analysis of psychomotor
seizures and by more recent studies (Chauvel et al., 1995;
Salanova et al., 1995).

Focal motor seizures involve unilateral clonic
movements of the face followed by the arm, speech arrest,
blinking, version of the head and eyes, but no loss of con-
sciousness (Salanova et al., 1995). Seizures originating in
the supplementary motor area occur in clusters at night
(Bancaud and Talairach, 1992; Wieser et al., 1992) and
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present with somatosensory auras, unilateral or bilateral
posturing and tonic movements that spread to the whole
body, vocalizations from simple groaning to shouted ob-
scenities, laughing, crying, and version of the head and eyes
(Laskowitz et al., 1995; Salanova et al., 1995; Williamson
et al., 1985). Patients with supplementary motor seizures
maintain consciousness prior to generalization of the
seizure and spread to the other side (Bancaud and Ta-
lairach, 1992; Morris et al., 1988; Wieser et al., 1992).

Complex partial seizures occur if the seizure focus is in
the frontal opercular convexity or the anterofrontal region
(Quesney et al., 1992). Complex partial seizures of frontal
origin have a sensory aura with a feeling of pins and nee-
dles, tingling, or sensation of heaviness or light headedness
on the contralateral side (Quesney et al., 1992). The patient
can also experience whole body dizziness, fear, or visual
phenomena. During a seizure, the patient stares ahead with
partial or complete unresponsiveness, vocalizes, has bilat-
eral tonic arm movements, laughs, cries, makes pedaling
bicycle movements, or turns the head and eyes contralat-
eral to the seizure focus (Salanova et al., 1995).

Seizures from the mesial frontal cortex produce emotional
and autonomic manifestations, such as aura with panic or
fear and changes in sympathetic tone. Seizures of or-
bitofrontal origin are silent until they spread to the adjacent
cingulate or insular regions and then produce autonomic
signs (i.e., facial reddening, tachycardia), olfactory hallucina-
tions, or oroalimentary automatisms (Laskowitz et al., 1995).
The presence of sexual automatisms reflects involvement of
the anterior cingulate gyrus (Stoeffels et al., 1980). Finally,
frontal lobe seizures from the frontal pole present with a mo-
tionless stare, loss of postural tone, and secondary general-
ization (Laskowitz et al., 1995).

Preschool children with frontal lobe epilepsy have fre-
quent short seizures that occur at night or during sleep with
motor manifestations and automatisms, such as moaning,
groaning, and crying, but rare secondary generalization and
laughing or pedal movements (Fogarasi et al., 2002). In
older children asymmetric tonic posturing, contralateral
head/eye deviation, and unilateral clonic jerking were
associated with reduced blood flow in dorsolateral, front
central, and medial frontal regions while vocalization, hy-
perventilation, truncal flexion, and complex gestural
automatisms were found in children with reduced blood
flow in orbital and polar frontal regions (Harvey et al.,
1993). Seizures occur mainly in sleep and are associated
with bilateral ictal and interictal epileptiform EEG findings
(Lawson et al., 2002).

Behavioral Aspects of Frontal Lobe Epilepsy
There have been no studies on the psychiatric aspects of
frontal lobe seizures in children to date. Children with
complex partial seizures with EEG evidence for frontal
involvement have more severe formal thought disorder
(Caplan et al., 1992) and discourse deficits (Caplan et al.,
1994) than those with temporal involvement. Two case re-

ports (Boone et al., 1988; Stores et al., 1991) describe sex-
ual disinhibition, pressured and tangential speech, scream-
ing, aggression, disorganized behavior, and nightmares in
children with frontal lobe epilepsy. Children with frontal
lobe epilepsy appear to have more deficits in planning and
executive function (Culhane-Shelburne et al., 2002), but
no difference in language scores (Blanchette and Smith,
2002) compared to those with temporal lobe epilepsy.

Diagnosis
This is a difficult disorder to diagnose (Bass et al., 1995;
Riggio and Harner, 1992). One should entertain a diagno-
sis of frontal lobe epilepsy in a child if he or she presents
with brief sudden unresponsiveness without loss of con-
sciousness and continued understanding of spoken lan-
guage during the episode with either clonic or tonic motor
phenomena that involve the face and arms and become
bilateral. The presence of vocalizations, laughing, crying, or
rarely pedaling movements could be suggestive of this di-
agnosis. A normal EEG with scalp electrodes does not rule
out the diagnosis of frontal lobe epilepsy.

The two main disorders to consider in the differential di-
agnosis are complex partial seizures of temporal origin and
pseudoseizures. The aura, stare, and automatisms of frontal
lobe epilepsy might resemble the complex partial seizures
of temporal lobe origin. Unlike complex partial seizures of
temporal lobe origin, the amnesia of complex partial
seizures of frontal origin is more pronounced than the de-
gree of loss of consciousness (Chauvel et al., 1995). Fur-
thermore, frontal complex partial seizures have associated
unilateral or bilateral tonic posturing and bicycling move-
ments, partial rather than complete loss of consciousness,
and contralateral head and eye deviation. In contrast, pa-
tients with complex partial seizures of temporal lobe origin
have more oroalimentary and repetitive hand automatisms
and looking around (Salanova et al., 1995).

Among the similarities of pseudoseizures and frontal
lobe seizures, children with both disorders present with un-
responsiveness or partial loss of consciousness and no EEG
correlates during continuous video-EEG monitoring of
these episodes. In addition, the vocalizations of children
with frontal lobe seizures can be interpreted as emotional
lability or dissociative phenomena in children with pseu-
doseizures. Among the differences between these two
disorders, pseudoseizures have a prolonged onset and du-
ration and usually do not occur during sleep, whereas
frontal lobe seizures start suddenly, last less than 1 minute,
and are nocturnal. The motor phenomena of pseudo-
seizures involve thrusting or rolling rather than the rhyth-
mic flexion and extension of clonic movements in frontal
lobe epilepsy. Children with pseudoseizures, in contrast to
frontal lobe epilepsy, have a primary conflict that involves
difficulty expressing negative affect and a secondary gain
that reinforces their pseudoseizures. In some cases, how-
ever, it is difficult to differentiate between these disorders,
particularly when a child has both disorders. Continued
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video-EEG monitoring with depth electrodes is helpful in
providing a definitive diagnosis of frontal lobe epilepsy in
these children (Bass et al., 1995).

Finally, the presence of sensory, gustatory, or olfactory
hallucinations underscore the importance of ruling out
psychotic disorders, such as schizophrenia, psychosis not
otherwise specified, manic psychosis, or another organic
psychosis as previously described in the section on tempo-
ral lobe epilepsy.

Treatment
Typically this is a difficult disorder to treat medically or sur-
gically (Fish et al., 1993: Kral et al., 2001).

Benign Rolandic Epilepsy
Benign rolandic epilepsy begins in childhood between
ages 3 and 10 years and remits by age 16 years (Blom and
Heijbel, 1992; Lerman and Kivity, 1975; Loiseau et al.,
1988; Kramer and Lerman, 2001). This form of epilepsy is
frequent in childhood and accounts for 15 to 25% of all
epileptic syndromes in children under age 12 years
(Astradsson et al., 1998; Cavazutti, 1980). Benign
rolandic epilepsy occurs more frequently in children with
a history of febrile seizures (Degen and Degen, 1990; Gre-
gory and Wong, 1984; Kajitani et al., 1992; Lerman and
Kivity, 1975), a family history of febrile seizures (Kajitani
et al., 1992), or benign rolandic epilepsy (Heijbel et al.,
1975). It is also frequent in children with fragile X syn-
drome (Berry-Kravis, 2002). MRI studies might reveal hip-
pocampal asymmetries and white matter abnormalities
(Lundberg et al., 1999).

Benign rolandic seizures usually occur nocturnally dur-
ing sleep (Drury and Beydoun, 1991). The children have
brief and mild tonic–clonic seizures of the face, lips,
tongue, pharyngeal and laryngeal muscles, speech arrest,
saliva pooling and drooling, and no loss of consciousness
(de Weerd and Arts, 1993; Iannetti et al., 1994; Lerman and
Kivity, 1991). Although partial, these seizures tend to gen-
eralize (de Weerd and Arts, 1993; Iannetti et al., 1994; Ka-
jitani et al., 1992). Daytime seizures that are simple/partial,
involving the face and tongue, occur in one third of the
children (Camfield and Camfield, 2002).

The EEG findings include normal background, as well as
interictal spikes or blunted monomorphic sharp waves
(Drury and Bedoun, 1991; Lüders et al., 1989). Similar EEG
findings occurring in 1.3 to 2.4% of normal children
(Cavazutti, 1980) are thought to reflect central nervous sys-
tem immaturity in terms of brain excitability and inhibi-
tion (Ferri et al., 2000). The cortical generators for rolandic
discharges are localized in the sulcal or gyral cortices on ei-
ther side of the central sulcus of the precentral motor cor-
tex, closer to hand secondary somatosensory cortex than to
primary cortex (Jung et al., 2003; Lin et al., 2003). Spike
propagation involves spreading across the central sulcus
(Jung et al., 2003). Spikes in the high central region are as-
sociated with hand involvement, whereas those in the low

central region are associated with oromotor phenomena
and drooling (Legarda et al., 1994). Studies demonstrate
rare or no association between this syndrome and child-
hood absence epilepsy (Dimova and Daskalova, 2002; Ge-
lisse et al., 1999).

Most children with benign rolandic epilepsy have few
seizures, 15% have one seizure, 56% have two to six seizures,
and 29% have more than six seizures (Ambrosetto et al.,
1987). The children who present with a generalized convul-
sive seizure and with a long interval between the first and
second seizure have the best prognosis (Ambrosetto et al.,
1987). The course is benign in 95 to 100% of the children.

Behavioral Aspects of Benign Rolandic Epilepsy
Although these children were thought to have normal psy-
chomotor development and functioning, parents recog-
nize difficulties with concentration, temperament, and
impulsiveness (Croona et al., 1999). In addition, neu-
ropyschological testing reveal significantly lower scores on
immediate and delayed recall of auditory-verbal and
visual material, verbal fluency, problem-solving ability, vi-
suospatial constructional ability, and Raven’s Coloured-
Progressive Matrices compared to age- and gender-
matched normal control subjects (Croona et al., 1999;
Deonna et al., 2000). The findings of some investigators,
however, imply preferential impairment of executive func-
tion in these children (Chevalier et al., 2000), cognitive
impairment and attentional difficulties in children with
EEG evidence of a prolonged slow focus, and strong acti-
vation of spike and wave discharges at night (Saint-Martin
et al., 2001). Given the small sample size of these studies,
the possible role of carbamazepine on these findings
needs to be considered (Seidel and Mitchell, 1999).

Diagnosis
A diagnosis of benign rolandic epilepsy should be consid-
ered when a child presents with a history of hemifacial noc-
turnal seizures with normal EEG background activity and
midtemporal spikes. From the clinical perspective, these
seizures differ from complex partial seizures of temporal
origin because they are partial motor seizures and do not in-
volve loss of consciousness. Like benign rolandic epilepsy,
frontal lobe epilepsy that involves the supplementary mo-
tor area also occurs during sleep. However, children with be-
nign rolandic seizures do not have posturing and tonic
movement, vocalizations, laughing, crying, and version of
the head and eyes. The possibility of facial and eye move-
ments during REM sleep should also be ruled out.

Regarding midtemporal spikes, these are not pathog-
nomonic for benign rolandic epilepsy (van der Meij et al.,
1992) and, as previously mentioned, occur in children who
have no clinical epileptic manifestations (de Weerd and
Arts, 1993; Ferri et al., 2000). Midtemporal spikes are also
found in children with neurological disorders, such as cere-
bral palsy, epilepsy, developmental delays, and attention
deficit hyperactivity disorder (van der Meij et al., 1992).
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Finally, parental anxiety and misinterpretation of chil-
dren’s myoclonic movements during sleep can be easily dif-
ferentiated from benign rolandic epilepsy. Myoclonic jerks
involve large groups of muscles other than the face and do
not present with a consistent pattern.

Treatment
Although carbamazepine, valproic acid, and levetiracetam
have been successfully used in these children, randomized
trials have been conducted only with gabapentin (Bour-
geois et al., 1998) and sulthiame (Rating et al., 2000).

Benign Occipital Epilepsy
This form of epilepsy presents with visual, motor, and mi-
grainous symptoms with unilateral or bilateral spike-wave
complexes in the occipital regions that are inhibited by eye-
opening (Lerman and Kivity, 1991). In 25% of cases the
seizures are precipitated by going from light to dark or vice
versa (Gastaut, 1985). Benign occipital epilepsy has greater
morbidity than benign rolandic epilepsy. Antiepileptic
drugs control about 60% of the cases of benign occipital
seizures, and seizures stop between ages 13 and 19 years
(Lerman and Kivity, 1991; Oguni et al., 2001).

The benign form of the disease, most frequent in 4- to 
8-year-old boys (Beaumanoir and Nahory, 1983; Lerman
and Kivity, 1989), involves nocturnal motor seizures with
tonic deviation of the head and eyes, clonic (i.e., nystag-
moid) eye movements, and loss of consciousness, which
can be prolonged (Lerman and Kivity, 1991). In
Panayiotopulous syndrome, autonomic symptoms (e.g.,
ictal vomiting), lateral eye deviation, and impairment of
consciousness, followed by hemi- or generalized seizures
occur more frequently in girls (Lada et al., 2003).

Children older than 8 years have the Gastaut type with a
more protracted course of illness with diurnal seizures, vi-
sual symptoms, migrainous symptoms, and preserved or
impaired consciousness (Lerman and Kivity, 1991; Marti-
novic, 2001; Tsai et al., 2001). The visual symptoms include
partial or complete loss of vision, elementary or complex vi-
sual hallucinations, and visual illusions (i.e., micropsia,
macropsia, metamorphosia) (Gastaut, 1982; Gastaut and
Zifkin, 1984; Lerman and Kivity, 1991; Panayiotopoulos,
1989). The symptoms of migraine can be ictal or postictal
and include a diffuse nonpulsatile headache and vomiting
(Gastaut, 1985; Lerman and Kivity, 1991).

The EEG findings typically entail unilateral or bilateral
spikes or sharp waves in posterior head regions. Non-REM
sleep, closed eyes, or lack of visual fixation activate, and
REM sleep and eye opening inhibit the epileptic discharges
(Lerman and Kivity, 1991). Among children with early on-
set occipital seizures (e.g., Panayiotopoulous syndrome),
occipital spike focus is seen in younger children, ages 2 to
5 years; whereas independent frontopolar, occipital, and
centroparietotemporal spike foci appear between ages 6 to
10 years (Ohtsu et al., 2003). These EEG patterns are unre-
lated to the prognosis.

Behavioral Aspects of Benign Occipital Epilepsy
To date, the single study that examined neuorpsycholgoical
functioning in 21 children with this disorder found lower
attention, memory, and intellectual functioning compared
to 21 children without epilepsy with whom they were
matched by age, gender, and socioeconomic status (Gulgo-
nen et al., 2000).

Diagnosis
A diagnosis of benign occipital epilepsy should be considered
in children who have nocturnal adversive seizures with loss
of consciousness, diurnal seizures with visual, autonomic,
and migrainous symptoms, but preserved or somewhat im-
paired consciousness, and EEG evidence of posterior epilep-
tic discharges that disappear with eye opening. Based on the
clinical symptoms, this syndrome should be differentiated
from supplementary motor epilepsy, temporal lobe epilepsy
with autonomic manifestations (e.g., abdominal epilepsy),
migraine, occipital lobe tumor, and psychotic disorders.

Unlike occipital epilepsy, the nocturnal tonic deviation
of the head and eyes in supplementary motor epilepsy is as-
sociated with somatosensory auras, posturing and tonic
movement, vocalizations, laughing, and crying. Children
with temporal lobe epilepsy with autonomic symptoms do
not have tonic deviation of the eyes. Compared to mi-
graine, children with benign occipital epilepsy have visual
hallucinations and illusions, not scotomata. Their
headache is diffuse, not pulsatile.

If unilateral, the EEG findings of benign occipital
epilepsy could mimic those of a cortical lesion in the occip-
ital lobe. During an attack of migraine, there might be slow-
ing rather than posterior sharp waves or spikes on the EEG.
Activation of the epileptic discharges on EEG by closed eyes
and nonREM sleep do not occur in other conditions.

Finally, the visual hallucinations of psychotic disorders
are complex, variable, and associated with auditory hallu-
cinations, not with symptoms of migraine.

Treatment
Most patients respond well to classic AEDs (Oguni et al.,
2001).

Chronic Progressive Epilepsia Partialis Continua of
Childhood (Rasmussen’s Syndrome)
Rasmussen encephalitis, a progressive disorder of un-
proven viral or autoimmune etiology (Park and Vinters,
2003; Pardo et al., 2004; Watson et al., 2004), presents with
increasingly intractable unilateral seizures, emerging hemi-
paresis that sometimes progresses to hemiplegia, and a
downhill cognitive course (Granata et al., 2003a; Honavar
et al., 1992; Oguni et al., 1991; Rasmussen and Ander-
mann, 1989; Vining et al., 1993). The onset occurs in child-
hood, adolescence, or adulthood (Honavar et al., 1992;
McLachlan et al., 1993; Rasmussen and Andermann), but
in 85% of cases the illness begins before age 10 years (Ras-
mussen and Andermann).
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There is a characteristic progression observed in both the
MRI scan and EEG. By 4 months after the onset of symp-
toms, the MRI reveals focal contralateral white matter hy-
perintensity with cortical atrophy that always involves the
insula and in most cases, the head of the caudate (Granata
et al., 2003a). As the disorder progresses, there is increasing
MRI signal intensity. Subsequently, signal intensity de-
creases, with or without progressive unilateral cortical atro-
phy (Kim et al., 2002). Initially the EEG reveals focal slow-
ing and ictal and interictal multifocal spikes. Over the next
few months there is progressive slowing and voltage atten-
tuation, with unilateral multifocal independent spikes.
Contralateral asynchronous slow waves were often noted.

Behavioral Aspects of Rasmussen Syndrome
Despite earlier normal development, children with Ras-
mussen’s syndrome have impaired cognitive (Honavar et
al., 1992; Vining et al., 1993) and linguistic function (Ca-
plan et al., 1999; Vargha-Khadem et al., 1991).

Diagnosis
Diagnosis is based on the evolving clinical picture of in-
tractable unilateral motor seizures with epilepsia partialis
continua, contralateral increased signal intensity with or
without cortical atrophy on MRI, and brain biopsy. The his-
tological hallmarks of Rasmussen encephalitis include
chronic inflammation, microglial nodules, and focal
patchy gliosis.

Treatment
AEDs usually do not control the seizures. Treatment with
hemispherectomy (Jonas et al., 2004; Rasmussen and An-
dermann, 1989) and immunomodulatory treatments
(Granata et al., 2003b) appear to stop progression of the
disorder (Honavar et al., 1992). Postsurgical improvement
in the communication deficits of children with Rasmussen
encephalitis is associated with later age of onset and shorter
duration of illness prior to surgery (Caplan et al., 1999).

Generalized Epilepsies and Syndromes 
Idiopathic (With Age-Related Onset) 
Childhood Absence Epilepsy
An absence is a brief change in the state of consciousness
during which the child suddenly stops ongoing activity and
stares vacantly (Lockman, 1989). Typical absence seizures
(also known as petit mal) occur frequently and are associ-
ated with automatisms of the eyes (i.e., eyelid fluttering)
and face (i.e., twitching of the perioral muscles), un-
changed tone, and generalized spike and wave discharges at
a rate of three per second on a normal EEG background
(Holmes et al., 1987; Lockman). Atypical absence seizures
last longer, are associated with a decrease in postural tone
or tonic activity, greater than three per second spike and
wave ictal recordings, abnormal interictal EEGs, and multi-
ple seizure types (Holmes et al., 1987). Hyperventilation
can induce typical absence seizures, but not atypical ab-

sence seizures. Both typical and atypical absence seizures
start and stop suddenly without postictal symptoms (Erba
and Browne, 1983; Holmes et al., 1987). During a typical
or atypical absence, the child maintains receptive and ex-
pressive speech (Holmes et al., 1987). In petit mal status,
however, the child might experience cognitive clouding
and difficulties with comprehension and expression of
language.

Typical absence seizures are found in school-age children,
more frequently in girls than boys (Camfield et al., 1996)
They remit in 64 to 90% of the cases if therapy is adequate
and given for at least 2 years (Bouma et al., 1996; Camfield
and Camfield, 2002; Siren et al., 2002; Wirrell et al., 1996,
2001). Predictors of good remission include the absence of
generalized tonic clonic seizures, absence status, cognitive
problems, myoclonic seizures, abnormal background, and a
family history of generalized tonic clonic seizures

Behavioral Aspects of Absence Seizures
Children with absence seizures have high rates of
psychopathology including disruptive disorders (i.e.,
attention-deficit hyperactivity disorder, oppositional defi-
ant disorder, conduct disorder), anxiety/affective disorders,
and comorbid disruptive and anxiety/affective disorders
(Caplan et al., 1998). They have difficulties using language
to organize and formulate their thinking (Caplan et al.,
2001, 2002a), as well as problems with general cognition
(Mandelbaum and Burack, 1997; Pavone et al., 2001), at-
tention (Levav et al., 2002), memory, particularly nonver-
bal memory (Nolan et al., 2004; Pavone et al.), and perfor-
mance IQ (Caplan et al., 2004). As previously mentioned,
children with atypical absence seizures usually have mental
retardation or developmental delay (Holmes et al., 1987).

Diagnosis
A child who presents with brief staring spells during mid-
dle childhood, eyelid fluttering or twitching of the perioral
muscles, no loss of tone, generalized three per second spike
and wave on EEG, and induction of episodes by hyperven-
tilation has typical absence seizures. From the neurological
perspective, typical absence seizures should be differenti-
ated from the absences of complex partial seizures. In
contrast to children with typical absence seizures, hyper-
ventilation will not induce the absence episodes of children
with complex partial seizures. In addition, children with
complex partial absences also have lip smacking and hand
fumbling automatisms, postictal amnesia or tiredness, and
focal interictal spikes rather than generalized 3 Hz spike
and wave complexes. EEG findings of 3 Hz spike and wave
together with eye opening and eyelid flutter differentiate
typical absence seizures from hyperventilation-induced
high-amplitude rhythmic slowing also associated with loss
of awareness but with automatisms, such as yawning, smil-
ing, and fidgeting (Lum et al., 2002).

From a behavioral perspective, children with typical ab-
sence seizures might first be noticed by the teacher who will
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complain that the child is inattentive or has lost ground in
his or her studies. Unlike the child with attention-deficit hy-
peractivity disorder (ADHD), children with typical absence
seizures do not have a history of hyperactivity, impulsive-
ness, and distractibility since the toddler period, and they
are unaware of their attentional difficulties. Children with a
learning disorder will report specific learning difficulties;
whereas the child with typical absence seizures will be un-
aware of why he or she is having learning difficulties.

Finally, the stares of autistic children that precede or oc-
cur together with their stereotyped behaviors, such as hand
flapping, could be misinterpreted as absences. Children
with typical absences do not have stereotyped behaviors
other than the stare, eyelid fluttering, or twitching of lip
muscles. Unlike autistic children, they do not have im-
paired communication skills and poor social relationships.
Children with atypical absence seizures might have devel-
opmental delays like autistic children; however, unlike the
brief staring associated with the stereotypies of autistic chil-
dren, the staring spells of children with atypical absence
seizures are long and associated with some loss of tone.

Treatment
Monotherapy ethosuximide, valproic acid, and lamotrigine
control typical absences in 70%, 75%, and 50 to 60% of the
cases, respectively (see the review in Panayiotopoulos,
2001; Coppola et al., 2004; Henriksen and Johannessen,
1982; Wirrell et al., 2001) with no cognitive or behavioral
adverse effects (Mandelbaum and Burack, 1997). In con-
trast, atypical absence seizures are more difficult to control,
particularly in children with early onset or with late onset
and lower intelligence, necessitating antiepileptic drug
polytherapy.

Juvenile Myoclonic Epilepsy
Juvenile myoclonic epilepsy affects 7% of adolescents with
epilepsy; 3 to 8% of whom had childhood absence epilepsy
(see the review in Renganathan and Delanty, 2003). The clin-
ical seizures and/or the EEG abnormalities may be observed
in relatives (Delgado-Escueta et al., 1994; Obeid, 1994). Ju-
venile myoclonic epilepsy is an inherited disorder that is ge-
netically heterogenous, and is associated with mutations in a
number of genes, including the short arm of chromosome 6
(Greenberg et al., 2000; Sander et al., 1997). Relatively few
cases can be linked to single genes and most cases appear to
be the result of the interaction of complex genetic and envi-
ronmental factors (Zifkin, Andermann, Andermann, 2005).

All cases have myoclonic jerks that occur shortly after
awakening in the neck and upper extremities without loss
of consciousness. In addition to sudden awakening, sleep
deprivation, photic stimulation, alcohol consumption,
menses, and stress precipitate the jerks (Dreifuss, 1989).
Usually these jerks are undiagnosed because adolescents
interpret them as clumsiness or nervousness (Gordon,
1994). The jerks are usually bilateral but can be unilateral,
arrhythmic, and repetitive. A massive myoclonic jerk can

make the patient fall to the ground with brief loss of con-
sciousness and no postictal phenomena (Lockman, 1989).

The disorder becomes progressive with onset of clonic
seizures and generalized tonic-clonic seizures in 90 to 95%
of the cases. The symmetric and violent generalized tonic-
clonic seizures have a long tonic component (see the re-
view in Renganathan and Delanty, 2003). Absences occur
in 40% of the cases.

Ictal EEGs reveal bilateral diffuse spikes at a rate of 16 to
24 Hz (Delgado-Escueta et al., 1994) that can be preceded by
asymptomatic spike and wave complexes and followed by 1
to 3Hz spike and slow wave complexes. The interictal EEG is
also abnormal with 4 to 6 Hz multiple spike and slow wave
complexes. Photic stimulation leads to a generalized parox-
ysmal EEG discharge in about 30 to 40% of the cases. Some
of these patients also have absence seizures, which often are
undiagnosed because they are unaccompanied by behav-
ioral phenomena (Voeller, 1995).

The prognosis is excellent with AED treatment (Gordon,
1994) in 80 to 90% of the cases. Intractibility occurs in pa-
tients who have all three seizure types and behavior prob-
lems (see the review in Renganathan and Delanty, 2003).

Behavioral Aspects of Juvenile Myoclonic Epilepsy
Other than clumsiness, nervousness, or ill-defined atten-
tional difficulties prior to the onset of generalized tonic
clonic convulsions, there have been no studies to date on
the behavioral aspects in adolescents with juvenile my-
oclonic epilepsy.

Diagnosis
Several studies emphasize the long lag time between onset
of the syndrome and correct diagnosis (Asconape and
Penry, 1984; Gordon, 1994; Obeid, 1994). When pre-
sented with an adolescent with poorly defined complaints
about clumsiness, nervousness, and difficulties concentrat-
ing, one should ascertain if the clumsiness is precipitated
by sleep deprivation, photic stimulation, or alcohol con-
sumption. A positive family history and characteristic ictal
and interictal EEG findings will help confirm the diagnosis
of juvenile myoclonic epilepsy.

Among the neurological disorders, one needs to rule out
nonepileptic myoclonus and movement disorders. Unlike
myoclonic seizures, myoclonus is not precipitated by sen-
sory stimuli, continues during sleep, has no EEG correlates,
and does not remit in response to AEDs. The jerks of move-
ment disorders, such as Tourette’s disorder, dystonia, or
chorea, involve repetitive involuntary movements of parts
of the body rather than isolated movements of large muscle
groups. In addition, tics, dystonia, and chorea usually dis-
appear during sleep. Finally, complaints of poor self-esteem
(associated with clumsiness and poor concentration) can
present in adolescents with psychiatric disorders, such as de-
pression, schizophrenia, or adjustment disorder. The early
stages of juvenile myoclonic epilepsy might suggest the pro-
drome of one of these psychiatric disorders.
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Treatment
The treatment response to valproic acid is excellent (Gordon,
1994; Dreifuss, 1989; Obeid, 1994). Topiramate and vagal
nerve stimulation have been used in intractable patients with
success (see the review in Renganathan and Delanty, 2003).

Cryptogenic or Symptomatic Infantile Spasms
(West Syndrome)
Infantile spasm is a generalized seizure disorder with clus-
ters of flexion, extension, or brief tonic seizures often asso-
ciated with hypsarrhythmia, high voltage slowing, and
multifocal spikes on EEG (Commission, 1989). This syn-
drome usually begins by age 4 to 8 months (Glaze et al.,
1988; Jeavons and Bower, 1964; Riikonen, 1982) and is
cryptogenic (e.g., normal prior development, no known
causative factors, normal neuroimaging) in 20% and symp-
tomatic in 80% of the cases associated with a variety of eti-
ological causes (see Hrachovy and Frost, 2003 for a review).

Although regarded as a generalized seizure disorder
(Commission, 1989), focal cortical abnormalities due to
cortical dysplasia (Alvarez et al., 1987; Cusmai et al., 1988),
tumors (Branch and Dyken, 1979; Mimaki et al., 1983), or
other etiologies underlie the symptomatic form of infantile
spasms. The origin of the pathology, whether interaction of
focal cortical and brainstem pathology, brainstem, or basal
ganglia pathology (Avazini et al., 2002; Chugani, 2002;
Hrachovy and Frost, 1989), increased proconvulsant activ-
ity in both cortical and brainstem regions (Lado and Moshe,
2002), or abnormal release of corticotrophin release hor-
mone (Brunson et al., 2002) continue to be debated.

The rate of spontaneous remission is 25% and occurs
from 1 to12 months after the onset of infantile spasms
(Hrachovy et al., 1991). Although 51% of the children con-
tinue to have seizures (see the review in Frost and Hra-
chovy, 2003), infantile spasms and hypsarrhythmia are
age-specific phenomena (Yamatogi and Ohtahara, 1981).
If treatment does not control infantile spasms, the children
develop other seizures and the EEG no longer shows the
hypsarrhthymia characteristic of infantile spasms (Yam-
atogi and Ohtahara, 1981). Ultimately, 25% of children
with infantile spasm develop Lennox-Gastaut syndrome
(see the review in Frost and Hrachovy, 2003).

Behavioral Aspects of Infantile Spasms
In the absence of early seizure control (Kivity et al., 2004),
the developmental outcome for these children is poor (Du-
lac et al., 1986, 1993; Favatta et al., 1987; Fois et al., 1984;
Glaze et al., 1988; Guzzetta et al., 1993; Jeavons and Bower,
1964; Hrachovy et al., 1991; Jonas et al., 2004; Kurokawa et
al., 1980; Lacy and Penry, 1976; Matsumoto et al., 1981; Ri-
ikonen, 1982; Vigevano et al., 1993). Children who respond
to medical treatment with seizure control (Koo et al., 1993;
Riikonen, 1982; Schlumberger and Dulac, 1994) have a bet-
ter developmental outcome than those who do not re-
spond. In addition to seizure control, there is evidence that
developmental regression at the onset of the illness (Dulac
et al., 1993; Guzetta et al.,), delayed development prior to

the onset of infantile spasms (Guzetta et al., 1993; Koo et
al.; Ohtahara et al., 1993; Riikonen, 1982; Schlumberger
and Dulac, 1994), and impaired visually mediated social in-
teraction following ACTH treatment (Dulac et al., 1993) are
associated with a poor cognitive outcome.

About 6% of children with infantile autism had hypsar-
rhythmia in the first year of life (Olsson et al., 1988).
Follow-up of children with infantile spasms also reveals
varying degrees of impaired social relationships (Caplan et
al., 2002b; Dulac et al., 1993; Jambaque et al., 1993) and
autism (Askalan et al., 2003; Riikonen, 2001). Riikonen
(1982) reported that about 10% of the infantile subjects
they followed met criteria for infantile autism, particularly
those with EEG and CT evidence for temporal lobe abnor-
malities. About two thirds of children with infantile spasms
who have autism also meet criteria for hyperkinetic disor-
der (Riikonen and Amnell, 1981), and about 15% of
children with infantile spasms have severe “nonautistic”
overactivity (Caplan and Gillberg, 1998).

Diagnosis
A 4- to 8-month-old infant with onset of clusters of unilat-
eral or bilateral jerks, after normal or abnormal develop-
ment, with and without developmental arrest, should have
an EEG to rule out infantile spasms as soon as possible.
Table 22.2 lists the neurological disorders to be included in
the differential diagnosis of infantile spasms.
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TABLE 22.2
DIFFERENTIAL DIAGNOSIS OF INFANTILE
SPASMS IN INFANCY

1. Other Seizure Disorders

a. Febrile seizures
b. Nonfebrile seizures

(i) Generalized tonic–clonic seizures
(ii) Partial seizures
(iii) Benign myoclonus
(iv) Myoclonic epilepsy

Benign
Severe

2. Neurocutaneous Disorders Causing Seizures in 
Infancy

a. Neurofibromatosis
b. Sturge-Weber syndrome
c. Tuberous sclerosis
d. Incontinentia pigmenti
e. Linear nevus sebaceous syndrome

3. Dystonia

a. Glutaric aciduria
b. Transient paroxysmal dystonia of infancy

4. Breatholding spells

a. Cyanotic
b. Pallid
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Treatment
The classical and most successful shortterm treatment of in-
fantile spasms is with ACTH, but vigabatrin is also possibly
effective (see the review in Mackay et al., 2004). Pred-
nisone, valproic acid, other AEDs (felbamate, nitrazapam,
topiramate), and their combinations have been variably
successful (Mackay et al.). The longterm developmental
outcome is related to early rather than late control of in-
fantile spasms, the absence of underlying pathology as in
symptomatic infantile spasms, and no early developmental
regression (Mackay et al.)

Lennox-Gastaut Syndrome
This epileptic syndrome is characterized by early onset of
intractable seizures (tonic, generalized tonic–clonic, atypi-
cal absence, atonic and myoclonic), bilateral slow spike
and wave complexes (1.5 to 2Hz) while awake, and parox-
ysmal fast activity (8–26Hz) during nonREM sleep on EEG
(see the review in Markland, 2003). About 25% of children
with infantile spasms go on to develop Lennox-Gastaut
syndrome. Follow-up of children with Lennox-Gastaut syn-
drome reveals continued seizures in about 60% (Gold-
smith et al., 2000) and mental retardation in about half,
particularly in children with minor motor seizures and
multifocal independent spikes (Ohtsuka et al., 1990).

Behavioral Aspects of Lennox-Gastaut Syndrome
Children with Lennox-Gastaut syndrome usually have
marked language delays. As in other cases of mental retarda-
tion, the children are sometimes irritable and hyperactive.
These behavioral symptoms might decrease with seizure
control and exacerbate with increased seizure frequency or
when the children are on high doses of AED polytherapy.

Diagnosis
A diagnosis of Lennox-Gastaut syndrome is based on the
EEG finding of interictal slow spike and wave discharges in
a child with early onset of poorly controlled mixed seizures
and developmental delay.

Treatment
Until the development of new AEDs and vagal nerve stim-
ulation, the treatment response of children with this syn-
drome was poor. Benzodiazepines such as nitrazapam
and clonazapam were somewhat successful in decreasing
the seizure frequency of these children. Although felba-
mate improved control of drop attacks and tonic seizures
(Felbamate Study Group, 1993), its use in children has
been limited by the need for frequent blood studies due
to possible aplastic anemia. Among the new AEDs, lamot-
rigine and topiramate improve seizure control in these pa-
tients (see the review in French et al., 2004). Vagal nerve
stimulation led to a median reduction of seizure fre-
quency in 50 children by 42% (Frost et al., 2001) and to
a significant 4.5-month increase in the mental age of chil-
dren with more than a 50% reduction in their seizures
(Majoie et al., 2001).

Epilepsies and Syndromes Undetermined
Whether Focal or Generalized

Landau-Kleffner Syndrome 
(Acquired Epileptic Aphasia)
All children with this syndrome have aphasia and epilepti-
form abnormalities on EEG (Landau and Kleffner, 1957;
see the review in Galanopoulou et al., 2000). About two
thirds of the children develop clinical seizures (Beau-
manoir, 1985; Bishop, 1985) that are focal motor or gener-
alized tonic clonic seizures (Hirsch et al., 1990), easy to
control (Gascon et al., 1973; Landau and Kleffner), and
resolve by age 15 years (Beaumanoir, 1985). Due to the be-
nign course of the clinical seizures, this syndrome is classi-
fied as one of the benign epilepsy syndromes. The course of
the aphasia, however, is fluctuating with remissions and ex-
acerbations (Billard et al., 1991; Deonna et al., 1977;
Paquier et al., 1992). A few children make some speech and
language gains, but most children continue to be aphasic.
Children with a later onset of Landau-Kleffner syndrome
have a better prognosis (Bishop, 1985).

The syndrome occurs in males more than in females
and begins between ages 5 to 7 years (Nevs̆ímalová et al.,
1992). In most cases the aphasia appears after normal
language development and presents with word deafness
or auditory agnosia (Aicardi, 1986; Bishop, 1985; Deonna
et al., 1977; Dlouhă and Nevs̆ímalová, 1990; Gascon et
al., 1973; Landau and Kleffner, 1957). These children ap-
pear not to hear what is being said to them by their par-
ents, who then increase the volume of their speech. The
child’s responsivity to verbal language decreases gradually
and he or she becomes unresponsive. In addition to ex-
pressive difficulties, 90% of these children have receptive
difficulties (Deonna et al., 1989). Older children who ac-
quired reading and writing skills before the onset of their
aphasia lose these skills (Rapin et al., 1977). Most chil-
dren with Landau-Kleffner syndrome do not learn to write
or to sign (Deonna et al., 1989). Some children use ges-
tures and other forms of nonverbal communication to get
their needs met.

The EEG abnormalities typically involve bilateral inde-
pendent temporal or temporoparietal spike and wave dis-
charges, bilateral 1 to 3 Hz spike wave activity maximal
over the temporal areas, generalized sharp waves or spike
wave discharges, and multifocal or unilateral spikes
(Bishop, 1985; Deonna et al., 1977; Nakano et al., 1989;
Paquier et al., 1992). These EEG abnormalities are contin-
uous or nearly continuous during sleep, and in some cases
they meet the criteria for electrical status epilepticus.

It is unclear if there is a causal relationship between the
three components of this syndrome: aphasia, epileptiform
abnormalities involving the temporal lobe, and seizures.
Among the theories on the etiology of this syndrome, some
suggest that continuous convulsive discharge (Deonna,
1991; Dulac et al., 1983; Gordon, 1990; Landau and Kl-
effner, 1957; Pateau et al., 1999), focal subacute encephali-
tis (Gascon et al., 1973; Perniola et al., 1993; Ravnik,
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tis (Gascon et al., 1973; Perniola et al., 1993; Ravnik,
1985), cerebral arteritis (Pascual-Castroviejo, 1990),
deficits in high level auditory processing (Bishop, 1985), or
an encephalopathic process (Holmes et al., 1981; Perniola
et al., 1993) cause the aphasia.

Behavioral Aspects of Landau-Kleffner Syndrome
Children with this syndrome develop mild to pronounced
behavioral disturbances (Humphrey et al., 1975) includ-
ing hyperactivity, aggression, depression (Sawhney et al.,
1988; White and Sreenivasan, 1987), and psychosis
(Dugas et al., 1982; Gordon, 1990; Humphrey et al.,
1975; Zivi et al., 1990).

Diagnosis
This diagnosis should be considered when faced with a
child who presents with gradual loss of expressive lan-
guage skills after a period of normal development, in the
context of seizures and epileptiform EEG abnormalities.
Among the behavioral disorders, children with develop-
mental dysphasia have a history of impaired language de-
velopment and an increased rate of EEG abnormalities
while awake (Nasr et al., 2001) and during sleep
(Echenne et al., 1992). Unlike autistic children, children
with Landau-Kleffner syndrome are socially relating and
responsive and use nonverbal communication to make
their needs known. Like children with Landau-Kleffner
syndrome, some autistic children develop seizures and
epileptiform abnormalities (Tuchman and Rapin, 1997;
Caplan and Gillberg, 1998).

Among the neurological disorders, children with onset
of Rasmussen encephalitis during the toddler period lose
language, like children with Landau-Kleffner syndrome.
However, they present with difficult-to-control sensorimo-
tor seizures, which may be almost continuous. Language
loss occurs after the onset of seizures in these young cases
of Rasmussen encephalitis. In contrast, the seizures of
Landau-Kleffner syndrome can begin before, during, or af-
ter the onset of aphasia (Deonna et al., 1977; Gascon et al.,
1973; Landau and Kleffner, 1957).

A tumor that involves the speech areas might cause loss
of language skills and seizures (Nass et al., 1993). Imaging
findings of a space-occupying lesion would help make the
definitive diagnosis. There are no typical magnetic reso-
nance imaging (MRI) (Sankar et al., 1990), single-photon
emission computed tomography (Guerreirro et al., 1996;
Tauma et al., 1995), or positron emission tomography
findings (Rintahaka et al., 1995; Sankar et al., 1990) in chil-
dren with Landau-Kleffner syndrome.

Children with the syndrome of continuous spike and
wave sleep, to be discussed next, have marked behavioral
changes other than language loss, and their EEG abnor-
malities occupy 85% of slow wave sleep and disappear
during REM sleep. In contrast, the epileptiform discharges
of children with Landau-Kleffner syndrome are activated
at sleep onset and during REM (Genton and Guerrini,
1993).

Treatment
Valproate, ethosuximide, and some benzodiazepines
alleviate the seizures not the aphasia of children this syn-
drome. Treatment with steroids (Lerman et al., 1991;
Marescaux et al., 1990), ACTH (Perniola et al., 1993),
nifedipine (Pascual-Castroviejo, 1990), sulthiame (Wakai
et al., 1997), and subpial resection (Sawheny et al., 1995)
has been associated with improved language skills in these
children.

Continuous Spike and Wave During 
Slow-Wave Sleep
Continuous spike and wave during slow sleep syndrome oc-
curs in 0.5% of children (Morikawa et al., 1985) and in-
volves behavioral changes, intellectual deterioration,
seizures, and continuous spike and wave during at least 85%
of slow-wave sleep (Bureau et al., 1990; Perez et al., 1993;
Tassinari et al., 1982). Due to the long duration of the
epileptic discharges during slow-wave sleep, this syndrome
has also been called electrical status epilepticus during slow-
wave sleep (Tassinari et al., 1982).

This syndrome begins in children, ages 4 to 6 years, af-
ter normal or abnormal development and presents with
subtle behavioral or intellectual changes followed by
marked deterioration of behavior and intellect (Perez et al.,
1993; Tassinari et al., 1982). Children with continuous
spike and wave sleep have motor seizures, nocturnal partial
motor seizures or generalized convulsive seizures, and sub-
sequent development of absences or atypical absences,
which are well controlled with AEDs and remit by age 15
years (Boel and Caesar, 1989; see the review in
Galanopoulou et al., 2000; Perez et al., 1993).

Sleep EEGs reveal continuous generalized spike and
wave during 85% of slow-wave sleep. Awake EEGs, how-
ever, may be normal (Perez et al., 1993; Tassinari et al.,
1982), or reveal sporadic generalized spike and wave (Boel
and Caesar, 1989), or focal paroxysmal discharges (see the
review in Galanopoulou et al., 2000).

Behavioral Aspects of Continuous Spike 
and Wave Sleep
In 25% of the children, the behavioral changes are the first
sign and include inattention, hyperactivity, impulsiveness,
loss of sense of danger, aggressiveness, mood changes, dis-
inhibition, mouthing of objects, reduced play, and perse-
veration (Perez et al., 1993). In others, subtle cognitive
changes first occur (Boel and Caesar, 1989; Perez et al.,
1993; Roulet et al., 1991) with subsequent downhill
cognitive deterioration (see the review in Galanopoulou et
al., 2000). Several studies have described language distur-
bances in 40 to 60% of the cases with an expressive apha-
sia (see the review in Galanopoulou et al., 2000).

Diagnosis
This syndrome should be considered in children who pre-
sent with gradual onset of inattention, hyperactivity,
impulsiveness, behavioral regression, intellectual deteriora-
tion, and seizures after prior normal or abnormal develop-
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ment. A sleep EEG will provide a definitive diagnosis. The
differential diagnosis should include neurological disorders
that cause dementia in children (Table 22.3), benign seizure
syndromes, such as Landau-Kleffner syndrome, and psychi-
atric disorders, such as disintegrative psychosis, pervasive
developmental disorder, and schizophrenia.

Among the neurological disorders, the onset of Landau-
Kleffner involves gradual appearance of auditory agnosia
and later onset of aggressive and hyperactive behavior
(Landau and Kleffner, 1957). In contrast, children with
continuous spike and wave sleep present with behavioral
disturbances or cognitive deficits, as well as expressive
aphasia (see the review in Galanopoulou et al., 2000).
Their communicative deficits involve the form and content
of their speech, as well as their expressive skills (Boel and
Caesar, 1989; Genton and Guerrini, 1993; Paquier et al.,
1992; Perez et al., 1993; Tassinari et al., 1982). The charac-
teristic EEG findings of continuous spike and wave sleep
are generalized and occur only in slow-wave sleep com-
pared to the focal temporo-parietal epileptic discharges in
Landau-Kleffner syndrome that are found in the sleep and
awake states (Genton and Guerrini, 1993).

Among the psychiatric disorders, children with disinte-
grative psychosis, also known as Heller’s syndrome or de-

mentia infantilis, have marked regression in multiple areas
of their functioning following at least 2 years of normal de-
velopment (American Psychiatric Association, 1994, p.
74). The children have associated mental retardation, EEG
abnormalities, and seizure disorder. In some cases, one of
the disorders listed in Table 22.3 might cause this syn-
drome. In most cases, however, extensive investigation
does not reveal an underlying cause.

Most of the cases of pervasive developmental disorder be-
gin in infancy or during the toddler period and involve im-
paired development of communication and social reciprocal
interaction skills, as well as stereotyped, behavior, interests,
and activities (American Psychiatric Association, 1994, pp.
70–71). In contrast, they clearly demonstrate a gradual and
progressive regression in behavioral and cognitive function-
ing from the previous normal or abnormal baseline. Finally,
they might present with disorganized behavior and what
might appear to be formal thought disorder (Perez et al.,
1993). However, they do not have hallucinations or delu-
sions, and their cognitive deficits are apparent.

Treatment
Although clinical seizures respond well to AEDs, control of
the electrical status is more difficult and has been achieved
with high doses of ACTH and prednisone, ethosuximide,
benzodiazepines, and combinations of AEDs (see the re-
view in Galanopoulou et al., 2000). Reports differ on the ef-
ficacy of treatment of the electrical status on the children’s
behavior and cognition. Some researchers describe re-
versibility of the behavioral and cognitive changes with con-
trol of the electrical status (Bureau et al., 1990; Tassinari et
al., 1982). Others (Perez et al., 1993; Boel and Caesar, 1989)
have found behavioral and cognitive improvements but no-
ticeable residual deficits in these areas of functioning.

PSEUDOSEIZURES

Definition and Incidence

Pseudoseizures, epileptic-like phenomena due to psycho-
logical causes, have also been called hysterical seizures, psy-
chogenic seizures, and more recently nonepileptic events.
The term “pseudoseizure,” unlike the terms “hysterical” and
“psychogenic,” refers to the clinical phenomenology rather
than to the psychological cause of these episodes. Pediatric
pseudoseizures can be due to an underlying conversion dis-
order, a factitious disorder, misinterpretation of seizures by
the adults who care for the child, or a Munchausen-
syndrome by proxy. In children under age 5 years, the ma-
jority of cases of nonepileptic seizures involve daydream-
ing, physiological events, such as inattention/daydreaming,
stereotyped movements, hypnic jerks, and parasomnias
that are misinterpreted by parents as epileptic seizures (Ko-
tagal et al., 2003).

Despite the morbidity and marked cost to health care
services, only few studies and case reports describe

Chapter 22: Epilepsy Syndromes in Childhood 465

TABLE 22.3
NEUROLOGICAL DISORDERS ASSOCIATED 
WITH CHILDHOOD DEMENTIA

1. Infectious Diseases

a. Subacute sclerosing panencephalitis (SSPE)

2. Disorders of Gray Matter

a. Ceroid lipifuscinosis
b. Heller syndrome
c. Huntington disease
d. Mitochondrial disorders
e. Xeroderma pigmentosum

3. Disorders of White Matter

a. Adrenoleuokodystrophy
b. Alexander disease
c. Cerebrotendinous xanthomatosis

4. Lysosomal Enzyme Disorders

a. Mucopolysaccharidoses
(i) Hunter syndrome
(ii) Sly disease

b. Sphingolipidoses
(i) Gaucher disease
(ii) Juvenile Tay-Sachs
(iii) Late-onset Krabbe’s disease
(iv) Late-onset sulfatide lipidoses
(v) Sphingomyelin lipidosis

c. Glycoprotein Degradation Disorders
(i) Aspartylglycosaminuria
(ii) Mannosidosis
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pseudoseizures in children and adolescents (see the review
in Papavasiliou et al., 2004). About 12.5% of children re-
ferred to a pediatric neurology inpatient service (Schneider
and Rice, 1979) and 15.2% referred to a pediatric epilepsy
monitoring service (Kotagal et al., 2002) are given a diag-
nosis of pseudoseizures.

The disorder is more common in children with con-
firmed epileptic seizures (19–46%) (Kotagal et al., 2002)
and in nonepileptic children who are exposed to this dis-
order through a family member, a neighbor, or a friend
(Goodyer, 1985). There are both age- and sex-related dif-
ferences in the incidence of pseudoseizures. Pseudoseizures
occur more frequently in adolescents than in younger chil-
dren (Finalyson and Lucas, 1979; Gross and Huerta, 1980;
Mohr and Bond, 1982). In adolescence, but not in middle
childhood, pseudoseizures occur more commonly in girls
(Finalyson and Lucas, 1979; Gross and Huerta, 1980; Ko-
tagal et al., 2002; Mohr and Bond, 1982) who also tend to
have a more chronic course than boys (Schneider and Rice,
1979). In middle childhood, a high rate of prior head
trauma was noted in boys with pseudoseizures (Pakalnis
and Paolicchi, 2003b),

Clinical Manifestations
Although pseudoseizures mimic all seizure types, earlier
studies suggested that in middle childhood they most com-
monly present with atypical movements and behaviors (Sas-

sower and Duchowny, 1992), whereas in early adolescence
pseudoseizures begin to mimic generalized tonic–clonic
convulsions and complex partial seizures (Sassower and
Duchowny). One study found no significant difference
across ages in the presentation of motor pseudoseizures
compared to unresponsive events (Kotagal et al., 2002).

Table 22.4 compares the clinical manifestations of
epileptic and pseudoseizures. Despite differences in the
clinical manifestations of epileptic and pseudoseizures,
these are not always clear-cut and one cannot base the di-
agnosis of pseudoseizures solely on the clinical picture (see
Diagnosis).

In terms of onset, epileptic seizures start suddenly or af-
ter a brief aura that is stereotyped and consistent across
epileptic events. In contrast, pseudoseizures begin gradu-
ally with a buildup of anxiety or some other emotion, a
“weird” poorly defined feeling, or hyperventilation. Typi-
cally, pseudoseizures do not occur when the child is alone.
Epileptic seizures, however, occur when the child is alone
or with others.

Generalized tonic–clonic seizures often begin with a cry
followed by a sudden fall to the ground, which injures the
patient. Pseudoseizure patients might cry out after slump-
ing to the ground without sustaining any bodily injuries.
During a motor seizure, the clonic-like movements of the
child with pseudoseizures look more like thrusting, jerking,
or side-to-side rolling movements that are unsynchronized
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TABLE 22.4
CLINICAL MANIFESTATIONS IN EPILEPTIC AND PSEUDOSEIZURES

Clinical Manifestations Epileptic Seizures Pseudoseizures

Onset

Premonition Brief stereotyped aura Ill-defined “weird” feeling
Evolution Sudden Gradual
Environment Anywhere, with or without Only in presence of others

people present

Description of Seizure

Generalized tonic–clonic Cry, sudden fall, injury Slumps, cry, no injury
Motor component Synchronized clonic movements Unsynchronized, thrusting, 

jerking, side-to-side rolling
Complex partial Automatic, quasipurposive Varied

Motionless stare Wavering stare

Level of consciousness

Ictal Marked change, unresponsive Inconsistent response
Postictal Tiredness, confusion, irritability Resumption of activities
Repeated seizures Clouding of consciousness Clearheaded

Continence

Urinary Frequent Rare
Fecal Infrequent Infrequent
End of seizure Abrupt Waxes and wanes
Duration Brief Brief to hours

T
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compared to the synchronized and brisk movements of the
clonic phase. The distribution of these movements does
not follow known anatomical patterns. Other motor be-
haviors described in pseudoseizures include episodic star-
ing, blinking, grimacing, laughing, crying, hand and head
movements, and unresponsiveness (Wyllie et al., 1990).

The automatic and quasipurposive behaviors of complex
partial seizures are sometimes difficult to differentiate from
the complex behaviors that occur in children with pseudo-
seizures. Pseudoseizures that resemble complex partial
seizures involve a wavering rather than a motionless stare
with a preoccupied look. There are marked changes in the
level of consciousness in children with generalized or
complex partial seizures, and they do not respond to envi-
ronmental stimuli. Children with pseudoseizures appear
unresponsive, but might respond inconsistently to their
environment.

In addition to differences in onset and clinical manifes-
tations, urinary or fecal incontinence occur during epileptic
seizures, not pseudoseizures. Epileptic seizures are brief
events that last seconds to minutes and end abruptly. The
duration of pseudoseizures varies and can last as long as
hours with waxing and waning of symptoms.

The postictal period also differentiates between these
two conditions. The child with pseudoseizures resumes
previous activities without confusion or tiredness. In con-
trast, epileptic seizures are often accompanied by postictal
sleeping, confusion, or irritability. If the child with pseu-
doseizures has repeated events, he or she is clearheaded
between events, whereas the child with repeated epileptic
seizures becomes more obtunded and confused.

Associated Psychopathology
A wide range of psychopathology is associated with pseu-
doseizures including conversion, affective, and anxiety dis-
orders (Kotagal et al., 2002; Wyllie et al., 1999). Learning
disorders or poor school achievement, as well as environ-
mental stressors in the family or social milieu, are consistent
findings in children with pseudoseizures. Sexual or physical
abuse is also described (Gudmundsson et al., 2001; Pakal-
nis and Paolicchi, 2003a, 2003b; Wyllie et al., 1999).

Pseudoseizures Due to Conversion Disorder
In a conversion disorder (American Psychiatric Associa-
tion, 1994, p. 457), the child’s seizures or convulsions
suggest that he or she has epilepsy and suffers significant
distress or impairment from these attacks. Appropriate in-
vestigations do not confirm the epileptic basis for these
episodes. Psychological factors in the form of conflicts or
stressors, however, initiate or exacerbate these attacks. The
child with a conversion disorder does not intentionally
produce or feign the seizures.

The underlying primary conflict in pseudoseizures usu-
ally involves the child’s difficulty expressing negative feel-
ings, such as anger. Social difficulties, strife with parents,
learning difficulties (Silver, 1982), or sexual abuse (Alper et

al., 1993) can give rise to the negative feelings associated
with the primary conflict. Expression of the primary con-
flict through seizures usually leads to significant attention
from caregivers, friends, teachers, and others. This sec-
ondary gain reinforces the conversive symptoms and pre-
vents the child from dealing with his or her problems in an
adaptive manner.

The children’s affective response can often be described
as “la belle indifference.” They usually minimize or deny
any concern about the problems and difficulties in their
lives even when these are significant. These children, how-
ever, respond with concern only about their attacks.

In terms of outcome, given the maladaptive nature of
the symptoms of this disorder, a definitive diagnosis is
needed as soon as possible. Wyllie et al. (1990) reported a
good outcome in 14 of 18 children and adolescents diag-
nosed with nonepileptic seizures who had their symptoms
for a mean duration of 7 months. Rather than duration of
illness, Gudmundsson et al. (2001) found that among psy-
chiatrically hospitalized children with pseudoseizures,
more types of seizures, younger age at presentation, and fe-
male gender were associated with a better outcome.

Misinterpretation of Children’s Behavior
Misinterpretation of the child’s behaviors as epileptic
seizures can reflect parental anxiety (Meadow, 1989). Sev-
eral investigators have shown that the primary reason for
nonepileptic events in children, particularly those with im-
paired intellectual function, was misinterpretation of be-
havior by parents and caretakers (Duchowny et al., 1988;
Holmes et al., 1983; Neil and Alvarez, 1986). These behav-
iors included staring episodes, abnormal reactions to envi-
ronmental stimuli, and repetitive movements, such as
rocking, shaking, or arm waving. Unusual movements
based on abnormal muscle tone were also often misinter-
preted as seizures (Holmes et al., 1983; Neil and Alvarez,
1986). Unlike Munchausen syndrome by proxy (discussed
later), these cases usually present with only one episode of
factitious complaints. In addition, the parent’s main con-
cern is that their child recover rather than that the child be
put through repeated medical examinations and proce-
dures to determine that he or she is ill, as in the Mun-
chausen syndrome by proxy.

Factitious Disorders
Factitious disorders (American Psychiatric Association,
1994, p. 474) involve intentional production or feigning of
seizure symptoms specifically to assume the sick role. Un-
like malingering, there are no external incentives for these
behaviors, such as avoiding a legal responsibility like going
to school. More commonly, the parent rather than the child
has the factitious disorder and imposes a diagnosis of
epilepsy on the child, as in Munchausen syndrome by
proxy. To date, many of the cases of Munchausen syn-
drome by proxy present with seizures (see the review in
Barber and Davis, 2002). In Meadow’s original series
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(1984) of 76 cases, 32 children had a primary diagnosis of
epilepsy. In 21 cases the mothers fabricated the symptoms
of the illness. In 11 cases the mothers caused seizures by
suffocation, carotid sinus pressure, or use of drugs. Sixteen
of the children in Meadow’s sample had medical symp-
toms other than seizures. In Rosenberg’s (1987) series,
42% of the 117 cases presented with seizures. It is impor-
tant to note that Munchausen syndrome by proxy can also
occur in a child with genuine epilepsy.

Unlike other disorders, clinicians do not usually observe
the seizures of children with epilepsy and need to rely on
parental report for a description of the clinical manifesta-
tions of the child’s seizure (Meadow, 1984). Since it is dif-
ficult to confirm parental reports, it is relatively easy for a
parent to fabricate a history of seizures and a lack of re-
sponse to AEDs in the child (Meadow, 1984).

These cases present with a history of uncontrolled
seizures, an inconsistent description of the child’s
seizures, repeated normal EEG recordings, repeated con-
sultation with different physicians, particularly if the
physician determines that there is no evidence that the
child has epilepsy. Only the parent, not medical or school
personnel have observed the child’s seizures. The mothers
of these children (McGuire and Feldman, 1989), some-
times employed in the health care field, are often very
knowledgeable about epilepsy, EEG findings, and the use
of AEDs. They are concerned and devoted to the child and
appear at ease in the hospital and even form close rela-
tionships with hospital staff. The fathers usually are ab-
sent or play no role in the process so that they appear to
be in “passive collusion” (Meadow, 1991) with the
mother. In some cases of Munchausen syndrome by
proxy, the father has been described as the perpetrator
(Makar and Squier, 1990).

Diagnosis
The possibility of pseudoseizures should be entertained in
cases of unexpectedly poor seizure control despite ade-
quate AED levels, inconsistent seizure pattern, marked
change in clinical presentation of seizures, and normal EEG
recordings. A definitive diagnosis of the disorders underly-
ing pseudoseizures is based on the lack of correlation be-
tween “seizure” behaviors and epileptic activity on
video/EEG. Some researchers claim that provocative testing
with suggestion can be a good and inexpensive tool to di-
agnose pseudoseizures in adults (Bazil et al., 1994) and in
children (Sassower and Duchowny, 1992). Studies in
adults attest to the reduced sensitivity of prolactin in differ-
entiating epileptic from nonepileptic seizures (Shukla et
al., 2004; Willert et al., 2004). However, although an in-
crease in prolactin occurring 10 minutes after a seizure is a
somewhat sensitive (64%) indicator of epileptic seizures
(generalized tonic–clonic, complex partial), a negative
serum prolactin within the first 100 minutes is highly pre-
dictive (98%) that a child did not have an epileptic seizure
or had a pseudoseizure (Banjeree et al., 2004).

From the psychiatric perspective, to make a diagnosis of
conversion, one must demonstrate both a primary conflict
and secondary gain. The absence of a correlation between
clinical seizures and epileptic activity on video-EEG alone is
not indicative of pseudoseizures due to conversion if there
is no evidence for both primary and secondary conflicts.

A diagnosis of misinterpretation of a child’s behaviors as
seizures is also best diagnosed by video-EEG. Psychiatric
evaluation of the parent(s) and child can help rule out con-
version and factitious disorder. It will also help determine
underlying parental anxiety or difficulty coping with the
child’s epilepsy or behavior.

The diagnosis of Munchausen syndrome by proxy in-
volves careful demonstration that the parent, usually the
mother, has fabricated or is causing the child’s symptoms.
To do this, one has to methodically document all informa-
tion obtained from the mother and check it for consistency
in terms of dates, times, and descriptions of seizures. In ad-
dition, one needs to obtain information on previous and
current AED blood levels to determine if the mother is
overmedicating or undermedicating the child (Meadow,
1991). Furthermore, one should contact physicians who
have previously cared for the child and find out if the
mother left these physicians after they concluded that there
was no evidence of a seizure disorder. Video-EEG record-
ings of the child’s “seizures” and parent child interactions
can provide important information on the factitious nature
of the disorder and the mother’s inability to parent (Ep-
stein et al., 1987). A detailed psychiatric evaluation of the
mother and child are also needed to make a definitive di-
agnosis of Munchausen syndrome by proxy.

Differential Diagnosis
When presented with a child who might have pseudo-
seizures, it is important to rule out neurological, sleep, and
systemic disorders that might mimic seizures. For more de-
tailed reviews of these disorders, see Sassower and
Duchowny (1992), Mahowald and Rosen (1990), and
Oppenheimer and Rosman (1983). Table 22.5 lists the
diagnoses that should be considered in the differential di-
agnosis of pseudoseizures.

Neurological Disorders
Among the neurological disorders, movement disorders
could mimic seizures, particularly if they are associated with
sudden movements or tonic posturing. Unlike epileptic and
pseudoseizures, none of these disorders are associated with
change in state of consciousness even when they present
with bilateral symptoms. Moreover, the symptoms of move-
ment disorders occur when the child is alone or with others
and change over time. Like pseudoseizures, however, the
symptoms might last from seconds to hours. A family his-
tory of a movement disorder might support this diagnosis.

Migraine in middle childhood is not always associated
with a headache and can present with confusion or disori-
entation (Gascon and Barlow, 1970), a transient hemi-
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paresis that might mimic a Todd’s paralysis, and visual aura
(Bodensteiner, 1990), symptoms that occur in children
with pseudoseizures. It is important to note that migraine
and epilepsy frequently coexist in the same child (Septien
et al., 1991). Although migraine and epilepsy can cause a
headache, a migrainous headache occurs at the beginning
and an epileptic headache at the end of the episode. Mi-
graine headache in the child is usually associated with a
family history of migraine.

Children with vertigo appear pale and complain of nau-
sea, vomiting, dizziness, and ataxia (Basse, 1964). Unlike
children with pseudoseizures, these children look sick, are
frightened, and cling to their parents (Dunn and Snyder,
1976).

Sleep Disorders
Night terrors present as crying or screaming, a state of
panic, semipurposeful, and automatic behaviors that occur
while the child is in deep sleep and unable to be roused.
They might mimic a pseudoseizure, but the child with
night terrors returns to sleep with no recollection for the
night’s events. Children with pseudoseizures remember
their episodes and they occur in front of other people. The
child with sleep walking gets out of bed with a glassy look
in the eyes, walks around the house, and can be easily led
back to bed. Sleep studies provide a definitive diagnosis by
demonstrating that night terrors occur in stage 3 or 4 of
nonREM sleep and sleep walking in REM sleep.

Children with narcolepsy fall asleep suddenly and might
also have drop attacks due to sudden loss of muscle tone

(cataplexy), hypnagogic hallucinations, and sleep paraly-
sis. Unlike pseudoseizures, rapid eye movements herald
the onset of the narcolepsy, and sudden fright or excite-
ment usually induce the cataplectic attacks.

Systemic Disorders
There are cardiopulmonary, autonomic, gastrointestinal,
and metabolic disorders that can mimic seizures. Of these,
syncope or fainting occurs most commonly in school-aged
children. Syncope is often precipitated by an intense emo-
tional stimulus, a systemic illness, or a mechanical cause,
such as prolonged standing. Like pseudoseizures, the loss
of consciousness of syncope occurs gradually, and the child
becomes limp and usually falls backward without rigidity,
clonus, incontinence, or physical injury. Children who
present with these symptoms should have a cardiac evalu-
ation to determine if they have cardiogenic or simple syn-
cope. Some children might need Holter monitoring to rule
out arrhythmias.

Breath-holding spells or infantile syncope should be
considered in the differential diagnosis of pseudoseizures
in young children. They begin between the ages of 6 and 18
months and subside by age 6 years in most cases (Lom-
broso and Lerman, 1967). In the cyanotic type, the child
usually starts to cry vigorously because of some frustration
or a sudden fright, then becomes apneic and cyanotic, loses
consciousness, and the limbs become rigidly extended. The
child regains consciousness in less than 1 minute. About
20% of children with breath-holding spells develop syn-
cope later in life (Lombroso and Lerman, 1967). The child
with pallid infantile syncope responds to a fright without
crying but with pallor, loss of consciousness, and associ-
ated clonic jerks.

Treatment
Wyllie et al. (1990) suggest that psychiatric intervention
should not begin until a definitive diagnosis of pseudo-
seizures is made. A psychiatric evaluation can begin as soon
as the epileptologist thinks that the child might have pseu-
doseizures. Typically, this occurs after the first few days of
telemetry. Once the psychiatric and neurological diagnostic
procedures confirm a diagnosis of pseudoseizures, the
child and family should be given diagnostic feedback. In
giving the feedback, the pediatric neurologist should first
inform the child and family of the nonictal nature of the
child’s seizures. The psychiatrist then explains the possible
psychogenic basis for the child’s attacks. The pseudo-
seizures are no longer called seizures, but “attacks,”
“episodes,” or “the problem” (Aylward, 1984). It is impor-
tant to ensure that the child and parents do not perceive the
feedback as suggesting that the child has been faking the
attacks (Aylward). In addition, the feedback should pro-
vide the child with an easy out without losing face (Ayl-
ward). Many parents have difficulty accepting a psychiatric
diagnosis of pseudoseizures and need to be helped to ac-
cept this diagnosis.
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TABLE 22.5
DIFFERENTIAL DIAGNOSIS OF
PSEUDOSEIZURES

1. Neurological Disorders

a. Epilepsy and status epilepticus
b. Migraine

(i) Confusional
(ii) Abdominal

c. Movement disorders
(i) Familial paroxysmal choreoathetosis
(ii) Tic disorder

2. Systemic Disorders

(i) Breath-holding spells
(ii) Cardiogenic syncope
(iii) Cardiac arrhythmias

3. Sleep Disorders

(i) Night terrors
(ii) Somnambulism
(iii) Narcolepsy
(iv) Cataplexy
(v) Hypnogogic hallucinations and sleep paralysis
(vi) Nocturnal myoclonus
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The aims of psychiatric treatment are to stop the child’s
episodes and to teach the child adaptive coping strategies
for dealing with his or her difficulties expressing negative
affect or anger. Decreasing in the amount of attention and
secondary gain the child receives during his or her
episodes will usually reduce the frequency of attacks. To
achieve this goal, one has to work with both the parents
and siblings. If the child is having episodes at school, the
psychiatrist also needs to work with the teachers and
school nurse. A behavioral approach is often helpful in
decreasing the secondary gain. In parallel with the psychi-
atric intervention, the child’s AEDs should be gradually
decreased or maintained at a lower dose if the child also
has epilepsy.

In cases where the frequency of pseudoseizures is so
high that it impairs the functioning of the child and family,
psychiatric hospitalization needs to be considered. Once
the frequency of episodes has decreased sufficiently so the
child can function, one needs to work psychotherapeuti-
cally with the child and family. The length of treatment is
dependent on the severity of the child’s underlying emo-
tional difficulties and those of his immediate family.

In Munchausen syndrome by proxy cases, once the di-
agnosis has been confirmed, the responsible physician
needs to report the case to the local child protection au-
thorities and then confront the mother with this diagnosis
in the presence of the child protective services. Child pro-
tective services need to remove the child from the parents’
care to ensure the child’s safety and the child’s AEDs are
gradually withdrawn. The length and indications for treat-
ment of the child and parent(s) vary in different cases.

PEDIATRIC EPILEPSY: SCHOOL
ACHIEVEMENT, COGNITION,
LANGUAGE, AND BEHAVIOR

The previous sections of this chapter characterized the phe-
nomenology, clinical, and behavioral manifestations of
different epilepsy syndromes in childhood and adoles-
cence. This section reviews the impact of epilepsy on chil-
dren’s academic, cognitive, linguistic, and psychosocial
functioning. Using a developmental and integrative per-
spective, it also examines how children’s developmental
level and neurocognitive functioning interact with their
academic and psychosocial functioning.

Academic Achievement and School Factors

School, with its focus on academic achievement, acquisi-
tion of knowledge, and socialization, represents one of the
primary developmental contexts and tasks for children and
adolescents, including those with epilepsy. The sequelae as-
sociated with management of a chronic illness like epilepsy
can substantially affect children’s school experience in the
areas of academic underachievement, increased remedial

placement, grade retention, and negative student attitudes
toward school and learning (Olson et al., 2004).

Academic underachievement is prevalent in pediatric
epilepsy (Fastenau et al., 2004). Epilepsy patients have a
higher risk of learning disorders (Motamedi and Meador,
2003) and score significantly below both their healthy peers
and those with other chronic illness across academic
content areas. For example, Austin et al. (1999) found, in a
4-year longitudinal study, that children with epilepsy per-
formed significantly worse than children with asthma on
measures of reading, mathematics, language, and vocabu-
lary. Subjects with the highest seizure severity performed
most poorly on the measures of academic achievement. An-
tonello (1999) found that, after adjusting for IQ, 9- to 
13-year-old children with epilepsy read more slowly than
healthy children, and those with left-side complex partial
seizures, as compared to either right-side complex partial
seizures or primary generalized epilepsy, showed the most
impairment in math and reading skills. Williams et al.
(1996a) demonstrated that children with poorly-controlled
complex partial seizures performed more poorly on mea-
sures of reading and attention than did children with better
controlled seizures. In contrast to the preceding findings,
Mitchell et al. (1991) found no relation between either
seizure severity or duration of illness on academic achieve-
ment.

The academic underachievement of children with
epilepsy places them at increased risk for grade retention and
special education services. Bailet and Turk (2000) found that
children with idiopathic epilepsy had higher rates of grade
retention and placement in special education classes than
did their healthy siblings. Likewise, Oostrom et al. (2002)
found, both before diagnosis and over a period of 1 year af-
ter diagnosis, significantly more children with epilepsy, 51
versus 27% of their healthy classmates, required special edu-
cation services. School difficulties, such as poor grades, re-
mediation, or retention, can decrease a child’s self-esteem
and affect his or her learning style (Aldenkamp, 1983).
Sturniolo and Galletti (1994) showed that emotional mal-
adjustment in children with idiopathic epilepsy was associ-
ated with poor school performance. Similarly, Oostrom et
al. (2003) found that children with epilepsy had poor moti-
vation and attitude toward school and felt less socially ac-
cepted at school than did their healthy classmates.

The academic and school-related difficulties experi-
enced by children with epilepsy reflect the interrelations
among psychosocial and neuropsychological factors. For
example, Fastenau et al. (2004) found both a direct asso-
ciation of neuropsychological functioning with achieve-
ment (e.g., verbal, memory, and executive function factors
strong relation to reading, math, and writing) as well as a
moderating role of family functioning on academic
achievement in pediatric epilepsy patients ages 8 to 15
years. Specifically, a supportive and organized home envi-
ronment moderated the impact of neuropsychological
deficits on children’s academic achievement (Fastenau 
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al.), conceivably by requiring consistent homework com-
pletion, regular sleep, and medication schedules. Williams
et al. (2001) noted that the academic underachievement
of children with epilepsy may be related to lower self-es-
teem, inattention, or memory inefficiency. Controlling for
intelligence in a sample of 65 children with well-con-
trolled epilepsy, Williams et al. (2001) found that atten-
tion was the only variable associated with achievement
scores. The lower academic achievement and school prob-
lems may be related to both cognitive and psychosocial
factors.

Cognition

Because epilepsy disrupts brain maturation, it has been
thought to produce nonspecific cognitive consequences
(Lassonde et al., 2000). Past and current research has doc-
umented a link between epilepsy and cognitive impair-
ment in children (e.g., see the review in Nolan et al., 2003).
To understand how pediatric epilepsy disrupts cognitive
functioning and subsequently children’s academic perfor-
mance and behavioral adjustment, we briefly review the
complex relation between epilepsy and cognition, focusing
first on general cognitive function. However, because cog-
nitive impairment may affect a variety of neurocognitive
skills (e.g., attention, perception, concept formation, read-
ing, thought process, learning, memory, and problem
solving) (Motamedi and Meador, 2003), the specific neu-
rocognitive skills of attention, memory, and executive func-
tions, as well as how seizure variables modify children’s
cognitive abilities, are also reviewed.

While generally within the normal range, the IQ scores
of children with epilepsy are distributed more toward the
lower end of functioning (Black and Hynd, 1995; Mo-
tamedi and Meador, 2003). Caplan et al. (2004) found that
5- to 16-year-old children with complex partial seizures
earned significantly lower standardized IQ and language
scores than healthy subjects while controlling for demo-
graphic and perinatal factors. Using a test-retest design,
Bjornaes et al. (2001) assessed the long-term consequences
of refractory seizures on intellectual functioning and found
that mean IQ scores decreased in children with epilepsy.
One possible explanation for the cognitive impairment
noted in children with epilepsy is not that they are experi-
encing cognitive decline, but rather acquiring skill at a
slower rate or have a decreased capacity to learn compared
to healthy peers (Cornaggia and Gobbi, 2002).

Assessment of seizure variables (e.g., seizure type, fre-
quency, severity, localization of seizure activity, age at
onset, duration, and number of AEDs) is somewhat chal-
lenging as seizure variables are themselves interrelated
(e.g., number of AEDs may reflect seizure severity). In ad-
dition, seizure variables, such as the severity of the child’s
seizure disorder, might differentially affect child adjust-
ment, and, in turn, cognitive functioning. Nonetheless, this
research has yielded additional understanding of the link

between pediatric epilepsy and cognition. For example,
generally, there appears to be a positive association
between severity of epilepsy and cognitive impairment.
Several clinical studies have indicated that high seizure fre-
quency (e.g., Caplan et al., 2004; Hermann, 1982; Rodin et
al., 1986; Seidenberg, 1989), early onset (Schoenfeld et al.,
1999; Smith et al., 2002), or a history of status epilepticus
(Singhi et al., 1992) are associated with poor academic per-
formance and lower IQ in children with epilepsy. Cornag-
gia and Gobbi (2002) and Schoenfeld et al. (1999) noted
that cognitive impairment was more pronounced in chil-
dren with a higher lifetime total number of seizures, partic-
ularly if they had multiple seizure types (Cornaggia and
Gobbi).

Finally, use of multiple AEDs in children with epilepsy
is a marker for intractable seizures, severity of epileptic dis-
order, multiple seizure types, and often early onset of
epilepsy. While treatment with AEDs may improve learning
by reducing the number of seizures, negative side effects of
AEDs such as sleepiness, slowed reaction time, and atten-
tional difficulties may also impair learning and cognitive
performance (Cornaggia and Gobbi, 2002). Although be-
yond the scope of this chapter, it is important to note that,
because some AEDs produce global changes in excitatory
neurotransmitters, such as glutamate (Ortinski and
Meador, 2004), and others in inhibitory neurotransmitters,
such as gabba amino butyric acid (Keller et al., 2002), they
might cause or exacerbate both cognitive and behavioral
difficulties in children with epilepsy.

Executive Function
As with seizure severity, seizure variables, such as type of
seizure disorder and localization of epileptic focus may dif-
ferentially affect the nature of the cognitive impairment ex-
perienced by children with epilepsy. Executive functions
are one neurocognitive skill in which this has been exam-
ined. Research has documented executive function like
deficits (e.g., impairment of planning, working memory,
impulse control, attention, and set shifting) in children
with epilepsy, similar to the deficits seen in children diag-
nosed with ADHD and adults with frontal lobe lesions
(Hernandez et al., 2002; Lassonde et al., 2000). Not
surprisingly, this has most often been noted in children
with frontal lobe epilepsy, a rare form of pediatric epilepsy.
For example, Culhane-Shelburne et al. (2002) found that
children with this seizure disorder showed deficits in plan-
ning and executive functions but not in verbal and nonver-
bal memory, while the opposite pattern was true for chil-
dren with TLE. Similarly, Hernandez and colleagues (2002,
2003) found that children with frontal lobe epilepsy, as
compared to temporal lobe or generalized epilepsy, had
more deficits in the executive function tasks of planning
and impulse control, performance speed, motor coordina-
tion rigidity, and more intrusion and interference errors on
a task of verbal recall. Finally, Riva et al. (2002) noted that
children with frontal lobe epilepsy with a left, in compari-
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son to a right-sided EEG  foci showed more deficits in
categorization, verbal long-term memory, and detailed
visuol-spatial analysis. More studies are needed to replicate
these findings given that the sample sizes for the previously
cited studies have all been relatively small, ranging from 8
in the Riva et al.’s (2002) study to 32 in the Hernandez et
al. (2002, 2003) research.

Attention
Attention, an important aspect of general cognition and com-
ponent of executive functions, encompasses sustained, selec-
tive, or divided attention. Attention problems are frequently
seen in children with both new onset and chronic epilepsy
(Caplan et al., 2004; Dunn et al., 2003; Oostrom et al., 2003).
In his early studies on children with epilepsy, Stores (1973,
1978b) described parent and teacher reports of inattention
and hyperactivity, but no evidence for impaired vigilance, im-
pulsivity, or distractibility based on laboratory measures.
Semrud-Clikeman and Wical (1999) found that children
with comorbid complex partial seizure disorder and ADHD
had increased reaction time and made significantly more er-
rors of omission and commission than did healthy children,
but were similar in performance on these attentional tasks to
children diagnosed with only epilepsy or ADHD. Similarly,
medically and surgically treated children with epilepsy evi-
denced slow reaction time, increased errors of omission, and
variability in response, but no increase in errors of commis-
sion (Aldenkamp et al., 2000; Billingsley et al., 2000; Mitchell
et al., 1993; Oostrom et al., 2003; Semrud-Clikeman and
Wical 1999; Lendt et al., 2002).

The attentional problems of children with epilepsy and
ADHD are related to lower IQ scores (Kinney et al., 1989;
Williams et al., 1996b), impaired memory (Billingsley et
al., 2000), and poor school performance (Oostrom et al.,
2003; Williams et al., 2001). From an integrative perspec-
tive, Oostrom et al. (2003) found that children with prior
school or behavioral difficulties and those whose parents
responded maladaptively to the new epilepsy diagnosis
performed more poorly on a reaction time task than did pa-
tients without these additional risk factors. According to
Motamedi and Meador (2003), the attentional difficulties
of children with epilepsy may affect their encoding of new
information leading to memory problems. Finally, from a
practical perspective, Kadis et al. (2004) suggested that at-
tentional problems may also underlie everyday memory
problems found in children with intractable epilepsy.

Memory
Memory, a specific neurocognitive ability, represents the
complex skills of information storage and retrieval. Gen-
eral conceptualizations of memory include its division
into short- and longterm memory, with the latter further
subdivided into implicit and explicit (semantic and
episodic) memory. Decreased memory skills have been re-
ported in children with epilepsy (e.g., Nolan et al., 2004).
For example, Pavone et al. (2001) found nonverbal and

delayed memory disturbances in 16 children with absence
epilepsy compared to matched control subjects. Williams
et al. (2001b) assessed the verbal memory of 8- to 13-
year-old children with well controlled seizures: 44 chil-
dren with complex partial seizures and 21 with general-
ized seizures. They found that children with both seizure
types performed better on short-term memory tasks than
long-term delayed recall tasks, although no differences in
memory performance were noted based on seizure type.
In contrast, Nolan et al. (2004) found that syndrome type
differentially affected memory functioning in children
with epilepsy. Specifically, of the 70 subjects, ages 6 to 18,
with absence, frontal lobe, or temporal lobe epilepsy,
those with TLE evidenced significantly worse verbal mem-
ory functioning than the other two groups. Moreover,
Nolan et al. (2004) found that longer duration of in-
tractable epilepsy was associated with reduced memory
ability. Finally, Lespinet et al. (2002) found that children
with epilepsy onset at age 5 or before showed substantial
verbal and nonverbal memory deficits, whereas subjects
with onset at age 10 or older evidenced minor deficits
consistent with lateralization (i.e., verbal deficits with left
TLE and nonverbal deficits with right TLE).

Other researchers have assessed the link between pedi-
atric epilepsy and memory in subjects undergoing epilepsy
surgery using a presurgical and postsurgical test–retest de-
sign. Using this paradigm, Mabbott and Smith (2003) as-
sessed the verbal and visual memory of 44 children and
adolescents with focal epilepsy who underwent either right,
left, or extratemporal excisions and found that all surgical
groups improved on the visual memory task of facial
recognition after surgery. In contrast, Kuehn et al. (2002),
also using a presurgical and postsurgical test–retest design,
found no significant improvement in the memory func-
tioning of 20 subjects with temporal and 6 with extratem-
poral resections. Unlike what has been found in adults,
they did not find that children with surgically treated left
TLE had more verbal and those with right TLE had more vi-
sual memory deficits.

Cognition and Psychopathology
As noted earlier, both general and more specific epilepsy-
related cognitive impairments are detrimental to children’s
academic achievement. Likewise, cognitive impairments,
ranging from minimal to more severe, also affect the psy-
chosocial and behavioral functioning of children with
epilepsy. In children with average IQ scores who had com-
plex partial seizures, Caplan et al. (2004) found that mild
verbal IQ deficits, but not seizure variables, predicted psy-
chopathology. Buelow et al. (2003) found pediatric
epilepsy patients with an IQ of 85 or lower had more be-
havior and mental health problems than children with
higher IQ scores. In the most severe form, the presence of
epilepsy and mental retardation increases the severity of
psychopathology in children (see the review in Caplan and
Austin, 2000).
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Language

Language, communication, and speech delays are a perva-
sive type of developmental difficulty, which may result
from specific language impairment, cognitive impairment,
hearing impairment, or chronic illness (Watkins, 1994)
such as epilepsy. Language delays may include difficulties
in the areas of expressive, receptive or pragmatic skills,
phonological and grammatical rules, word learning, se-
mantics, recognizing and using speech regularities, vocabu-
lary, using clarification responses, repairing conversational
breakdowns, and modifying speech to fit the social situa-
tion (Rice, 1991). These same types of language difficulties
are seen in children with epilepsy.

Farwell et al. (1985) found that 6- to 16-year-old chil-
dren with epilepsy made more mistakes on language-related
tasks than on other cognitive tasks. Regarding children with
complex partial seizures, Antonello (1999) found they had
both expressive and receptive language delays, while
Schoenfeld et al. (1999) found they performed significantly
worse than their siblings on linguistic tasks of word knowl-
edge, category fluency, and response to commands of in-
creasing length and complexity, even after controlling for
IQ. In addition, Caplan et al. (2001, 2002a, 2004) reported
that children with epilepsy had both basic and higher-level
linguistic deficits. Despite average IQ scores, they had sig-
nificantly lower language age scores than normal children
(Caplan et al., 2004), as well as more illogical thinking, dis-
course deficits, and poor monitoring and correction of
communication breakdowns (Caplan et al., 2001, 2002a).
Evidence for significantly more language deficits in younger
compared to older children with epilepsy led Caplan et al.
(2001) to conclude that epilepsy syndromes, particularly
complex partial seizures and primary generalized epilepsy,
impact the ongoing development of children’s communica-
tive skills. Moreover, Saltzman et al. (2002) found that a
higher proportion of children with seizure onset prior to age
5 showed speech deficits as compared to children with
seizure onset after age 5.

From an integrative perspective, linguistic impairments
exert comprehensive deficits on the cognitive and psy-
chosocial functioning of children with epilepsy. Wheless et
al. (2002) noted that language development may be
disrupted in children with epilepsy given the disorder’s
negative effect on intellectual functioning. Impairment in
specific linguistic skills may also, in turn, impact children’s
memory and learning. Likewise, impaired linguistic func-
tioning has lasting negative consequences on the academic
and social adjustment of children with epilepsy (Wheless et
al., 2002). For example, Caplan et al. (2004) noted that ver-
bal deficits were predictive of behavioral difficulties in chil-
dren with complex partial seizures. More specifically, the
presence of illogical thinking and discourse deficits, as
noted in the Caplan et al. studies (2001, 2002a), might in-
crease the social difficulties of these children because their
peers have difficulty following what they are talking about.

Developmental and Integrative Summary

From an integrative perspective, epilepsy has a profound
impact on children’s adjustment across the developmental
domains of academic achievement, cognition, language,
and psychosocial functioning. Moreover, the way in which
epilepsy influences these domains of functioning varies de-
pending on the interrelations among these factors and the
child’s developmental level. For example, throughout child-
hood, seizures have important implications for brain devel-
opment in that they may interfere with neural maturation
and subsequently with brain structure, which may then
have both immediate and lifelong cognitive implications
(e.g., Hermann and Seidenberg, 2002). In middle child-
hood, seizures may negatively impact children’s ongoing
acquisition of higher level cognitive and linguistic skills, as
well as their success in achievement and socialization tasks,
which are tantamount to maturational success during this
developmental period. Finally, evidence for continued mat-
uration of brain regions involved in higher level integrative
functions, such as language and cognition during adoles-
cence (Gogtay et al., 2004; Sowell et al., 2003), points to the
potential negative cognitive impact of epilepsy on older
youth. In addition, the adolescent maturational challenge
of developing a self-identity and autonomy may also be
compromised in youth with epilepsy given their increased
dependence on parents and necessary adherence to seizure-
reducing medication and schedule routines.

Although a review of the social and family factors rele-
vant to pediatric epilepsy is beyond the scope of this
chapter, it is important to briefly note that peer and fam-
ily influences may differentially affect the interaction of
epilepsy with neurocognitive and psychosocial factors
across children’s developmental level. For example, the
unpredictability and possible severe consequences of
seizures causes anxiety and fear for parents of children
with epilepsy (e.g., Austin et al., 1993; Ziegler, 1985).
Thus, parents must negotiate the difficult task of provid-
ing adequate supervision without being overanxious or
overprotective, thereby limiting children’s participation in
typical socialization experiences and development of age-
appropriate autonomy. In contrast, a supportive and sta-
ble family environment may serve a protective function
and promote positive adjustment for children with
epilepsy (Fastenau et al., 2004).

REFERENCES

Achenbach T: Manual for the Child Behavior Checklist and Revised
Child Behavior Profile. Burlington, Vermont: Department of Psy-
chiatry, University of Vermont, 1991.

Asconape J, Penry JK: Some clinical and EEG aspects of benign juvenile
myoclonic epilepsy. Epilepsia 25:108–114, 1984.

Aicardi J: Epilepsy in Children. New York: Raven Press, 1986, p 124.
Aldenkamp A, van Bronswijk K, Braken M, et al: A clinical comparative

study evaluating the effect of epilepsy versus ADHD on timed cog-
nitive tasks in children. Neuropsychol Dev Cogn Sect C Child Neu-
ropsychol 6:209–217, 2000.

Chapter 22: Epilepsy Syndromes in Childhood 473

75191_ch22.qxd  9/28/05  23:16  Page 473



Aldenkamp AP: Epilepsy and learning behavior. In Advances in
Epileptology: XIVth Epilepsy International Symposium. Edited by
Parsonage M, Grant RHE, Craig, AG, Ward AA, Jr. New York: Raven
Press, 1983, pp. 221–229.

Alper K, Devinsky O, Perrine K, et al: Nonepileptic seizures and child-
hood sexual and physical abuse. Neurology 43:1950–1953, 1993.

Alvarez LA, Shinnar S, Moshe SL: Infantile spasms due to unilateral
cerebral infarcts. Pediatrics 6:1024–1026, 1987.

Ambrosetto G, Rossi PG, Tassinari CA: Predictive factors of seizure fre-
quency and duration of antiepileptic treatment in rolandic
epilepsy: a retrospective study. Brain Dev 9:300–304, 1987.

American Psychiatric Association: Diagnostic and Statistical Manual of
Mental Disorders, 4th ed. Washington, DC, American Psychiatric
Association Press, 1994.

Antonello JL: Epilepsy and reading in children. Dissertation Abstracts
International 60: (3, a) 1999, p. 644.

Askalan R, Mackay M, Brian L, et al: Prospective preliminary analysis
of the development of autism and epilepsy in children with infan-
tile spasms. J Child Neurol 18:165–170, 2003.

Aso K, Watanabe K, Maeda N, et al: Temporal lobe epilepsy of child-
hood onset. Jpn J Psychiatry Neurol 48:217–220, 1994.

Astradsson A, Olafsson E, Ludvigssion P, et al: Icelandic epilepsy: an
incidence study in Iceland. Epilepsia 39:884–886, 1998.

Austin JK, Huberty JT, Huster GA, et al: Does academic achievement in
children with epilepsy change over time? Dev Med Child Neurol
41:473–479, 1999.

Austin JK, Dunn DW, Levstek DA: First seizures: concerns and needs of
parents and children. Epilepsia 34 (6):24, 1993.

Avanzini G, Panzica F, Franceschetti S: Brain maturational aspects rel-
evant to pathophysiology of infantile spasms. Int Rev Neurobiol
49:353–365, 2002.

Aylward GP: Description of a therapeutic approach to pseudoseizures
in adolescents. Community Ment Health J 20:155–158, 1984.

Bailet LL, Turk WR: The impact of childhood epilepsy on neurocogni-
tive and behavioral performance: a prospective longitudinal study.
Epilepsia 41:426–431, 2000.

Bancaud J, Talairach J: Clinical semiology of frontal lobe seizures. Adv
Neurol 57:3–58, 1992.

Banerjee S, Paul P, Talib VJ: Serum prolactin in seizure disorders. In-
dian Pediatr 41:827–831, 2004.

Barber MA, Davis PM: Fits, faints, or fatal fantasy? Fabricated seizures
and child abuse. Arch Dis Child 86 :230–233, 2002.

Bass N, Wyllie E, Comair Y, et al: Supplementary sensorimotor area
seizures in children and adolescents. J Pediatrics 126:537–544, 1995.

Basse LS: Benign paroxysmal vertigo of childhood. Brain 87:141–152,
1964.

Bazil CW, Kothari M, Luciano D, et al: Provocation of nonepileptic
seizures by suggestion in a general seizure population. Epilepsia 35:
768–770, 1994.

Beaumanoir A: The Landau-Kleffner syndrome in Epileptic Syn-
dromes, in Infancy, Childhood, and Adolescence. Edited by Roger
J, Dravet C, Bureau M, Dreifuss FE, Wolf P. London-Paris, John
Libbey Eurotext, 1985, pp. 181–191.

Beaumanoir A, Nahory A: Les epilepsies benignes partielles: 41 cas
d’epilepsie partielle frontal a evolution favorable. Revue EEG Neu-
rophysiologique 13:207–211, 1983.

Berry-Kravis E: Epilepsy in fragile X syndrome. Dev Med Child Neurol
44:724–728, 2002.

Beydoun A, Garofalo EA, Drury I: Generalized spike-waves, multiple
loci and clinical course in children with EEG features of benign
epilepsy of childhood with centrotemporal spikes. Epilepsia 33:
1091–1096, 1992.

Billard C, Loisel ML, Gillet P, et al: Relationship between acquired
neuropsychological deficits and nocturnal EEG abnormalities in a
case of Landau-Kleffner syndrome. ANAE 3:39–43, 1991.

Billingsley R L, Smith M L, McAndrews MP: Material-specific and non-
specific attention deficits in children and adolescents following
temporal-lobe surgery. Neuropsychologia 38:292–303, 2000.

Bishop DVM: Age of onset and outcome of “acquired aphasia with
convulsive disorder” (Landau-Kleffner syndrome). Dev Med Child
Neurol 27:705–712, 1985.

Bjornaes H, Stabell K, Henriksen O, et al: The effects of refractory
epilepsy on intellectual functioning in children and adults: a longi-
tudinal study. Seizure 10:250–259, 2001.

Black KC, Hynd GW: Epilepsy and the school aged child: cognitive-
behavioral characteristics and effects on academic performance.
School Psychology Quarterly 10:345–358, 1995.

Blanchette N, Smith ML: Language after temporal or frontal lobe
surgery in children with epilepsy. Brain Cogn 48:280–284, 2002.

Blom S, Heijbel J: Benign epilepsy of children with centro-temporal
EEG foci: A follow-up study in adulthood of patients initially diag-
nosed as children. Epilepsia 23:629–631, 1992.

Blomquist HK, Zetterlund B: Evaluation of treatment in typical ab-
sence seizures. The roles of long-term EEG monitoring and etho-
suximide. Acta Peda Scand 74:409–415, 1985.

Bocti C, Robitaille Y, Diadori P, Lortie A, Mercier C, Bouthillier A, Car-
mant L: The pathological basis of temporal lobe epilepsy in child-
hood. Neurology 60:191–195, 2003.

Bodensteiner JB: Visual symptoms in childhood migraine. J Child
Neurol 5:190, 1990.

Boel M, Caesar P: Continuous spikes and waves during slow sleep: A
30 months follow-up study of neuropsychological recovery and
EEG findings. Neuropediatrics 20:176–180, 1989.

Boone KB, Miller BL, Rosenberg L, et al: Neuropsychological and be-
havioral abnormalities in an adolescent with frontal lobe seizures.
Neurology 38:583–586, 1988.

Bourgeois B, Brown LW, Pellock JM, et al: Gabapentin (Neurontin)
monotherapy in children with benign childhood epilepsy with cen-
trotemporal spikes (BECTS): a 36-week, double-blind, placebo-
controlled study. Epilepsia 39(suppl 6):163, 1998.

Bouma PA, Westendorp RG, van Dijk JG, Peters AC, Brouwer OF: The
outcome of absence epilepsy: a meta-analysis. Neurology 47:802–
808, 1996.

Braathen G, Theorell K, Persson A, et al: Valproate in the treatment of
absence epilepsy in children: A study of dose-response relation-
ships. Epilepsia 29:548–552, 1988.

Branch CE, Dyken PR: Choroid plexus papilloma and infantile
spasms. Ann Neurol 5:302–304, 1979.

Brunson KL, Avishai-Eliner S, Baram TL: ACTH treatment of infantile
spasms: mechanisms of its effects in modulation of neuronal ex-
citability. Int Rev Neurobiol 49:185–197, 2002.

Buelow JM, Austin JK, Perkins SM, et al: Behavior and mental health
problems in children with epilepsy and low IQ. Dev Med Child
Neurol 45:683–692, 2003.

Camfield P, Camfield C. Epileptic syndromes in childhood: clinical
features, outcomes, and treatment. Epilepsia 43:27–32, 2002.

Camfield CS, Chaplin S, Doyle AB, et al: Side effects of phenobarbital
in toddlers: behavior and cognitive aspects. J Pediatrics 95:
361–365, 1979.

Caplan R, Siddarth P, Gurbani S, et al: Psychopathology and pediatric
complex partial seizures: seizure-related, cognitive, and linguistic
variables. Epilepsia 45:1273–1281, 2004.

Caplan R, Guthrie D, Komo S, et al: Social communication in pediatric
epilepsy. J Child Psychol Psychiatry 43:245–253, 2002a.

Caplan R, Siddarth P, Mathern G, et al: Developmental outcome with
and without successful intervention. Int Rev Neurobiol 49:269–
284, 2002b.

Caplan R, Guthrie D, Komo S et al: Conversational repair in pediatric
complex partial seizure disorder. Brain Lang 78:82–93, 2001.

Caplan R, Austin JK: Behavioral aspects of epilepsy in children with
mental retardation. Ment Retard Dev Disabil Res Rev 6:293–299,
2000.

Caplan R, Curtiss S, Chugani HC et al: Pediatric Rasmussen en-
cephalitis: Social communication, language, PET, and pathology
before and after hemispherectomy. Brain Cogn 39:116–132, 1999.

Caplan R, Gillberg C: Child psychiatric disorders. In Epilepsy: A Com-
prehensive Textbook. Edited by Engel J Jr., Pedley T. New York:
Raven Press, vol. 2, pp. 2125–2139, 1998.

Caplan R, Guthrie D, Shields WD, et al: Formal thought disorder in pe-
diatric complex partial seizure disorder. J Child Psychitry Psychol
33:1399–1412, 1992a.

Caplan R, Shields WD, Mori L, et al: Middle childhood onset of inter-
ictal psychoses: Case studies. J Am Acad Child Adolesc Psychiatry
30:6:893–896, 1991.

Cavazutti GB: Epidemiology of different types of epilepsy in school
age of Modena, Italy. Epilepsia 2:57–62, 1980.

Chauvel P, Vignal JP, Chodkiewicz JP, et al: The clinical signs and
symptoms of frontal lobe seizures. Phenomenology and Classifica-

474 Section III: Neuropsychiatric Aspects of Neurologic Disorders of Children and Adolescents

75191_ch22.qxd  10/5/05  22:06  Page 474



tion. In Epilepsy and the functional Anatomy of the Frontal Lobe.
Edited by Jasper HH, Riggio S, Godman-Rakic PS. New York: Raven
Press, 1995, pp. 115–125.

Chevalier H, Metz-Lutz MN, Segalowitz SJ: Impulsivity and control of
inhibition in benign focal childhood epilepsy (BFCE). Brain Cogn
43:86–90, 2000.

Chugani HT: Pathophysiology of infantile spasms. Adv Exp Med Biol
497:111–121, 2002.

Clusmann H, Kral T, Gleissner U, et al: Analysis of different types of re-
section for pediatric patients with temporal lobe epilepsy. Neuro-
surgery 54:847–859, 2004.

Commission on Classification and Terminology of the International
League Against Epilepsy: Proposal for revised clinical and elec-
troencephalographic classification of epileptic seizures. Epilepsia
30:389–399, 1989.

Coppola G, Licciardi F, Sciscio N, Russo F, Carotenuto M, Pascotto A:
Lamotrigine as first-line drug in childhood absence epilepsy: a clin-
ical and neurophysiological study. Brain Dev 26:26–29, 2004.

Cornaggia CM, Gobbi G: Epilepsy and learning disorders. In the Neu-
ropsychiatry of Epilepsy. Edited by Trimble M, Schmitz B. New
York: Cambridge University Press, 2002, pp. 62–69.

Croona C, Kihlgren M, Lundberg S, et al: Neuropsychological findings
in children with benign childhood epilepsy with centrotemporal
spikes. Dev Med Child Neurol 41:813–818, 1999.

Culhane-Shelburne K, Chapieski L, Hiscock M et al: Executive func-
tions in children with frontal and temporal lobe epilepsy. J Int Neu-
ropsychol Soc 8:623–632, 2002.

Cusmai R, Dulac O, Diebler C: Lesions focales dans les spasmes in-
fantiles. Neurophysiology Clinique 18:235–241, 1988.

da Silva EA, Chugani DC, Muzik O, et al: Landau-Kleffnersyndrome:
metabolic abnormalities in temporal lobe are a common feature. J
Child Neurol 12:489–495, 1997.

Degen R, Degen HE: Some genetic aspects of rolandic epilepsy: waking
and sleep. Epilepsia 31:795–801, 1990.

Delgado-Escueta AV, Serratosa JM, Liu A, et al: Progress in mapping
human epilepsy genes. Epilepsia 35:S29–40, 1994.

Deonna T, Zesiger P, Davidoff V, et al: Benign partial epilepsy of child-
hood: a longitudinal neuropsychological and EEG study of cogni-
tive function. Dev Med Child Neurol 42:595–603, 2000.

Deonna TW: Acquired epileptiform aphasia in children (Landau-
Kleffner syndrome). J Clin Neurophysiol 7:288–298, 1991.

Deonna TW, Peter C, Ziegler AL: Adult follow-up of the acquired
aphgasia-epilepsy syndrome in childhood. Report of 7 cases. Neu-
ropediatrics 20:132–138, 1989.

Deonna T, Beaumanoir A, Gaillard F, Assal G: Acquired aphasia in
childhood with seizure disorder: A heterogenous syndrome. Neu-
ropediatrics 8:263–273, 1977.

de Weerd AW, Arts WFM: Significance of centro-temporal spikes on
the EEG. Acta Neurological Scandinavia 87:429–433, 1993.

Dimova PS, Daskalov DS: Coincidence of rolandic and absence fea-
tures: rare, but not impossible. J Child Neurol 17:838–846, 2002.

Dlouhá O, Nevs̆imalová S: Speech disorder and hearing in Landau-
Kleffner syndrome. C̆esk Otolaryngol 39:114–120, 1990.

Dlugos DJ, Sammel MD, Strom BL, Farrar JT: Response to first drug
trial predicts outcome in childhood temporal lobe epilepsy. Neu-
rology 26;57:2259–2264, 2001.

Dongier S: Statistical study of clinical and electroencephalographic
manifestations of 536 psychotic episodes occurring in 516 epilep-
tics between clinical seizures. Epilepsia 1:117–142, 1959.

Dreifuss FE: Juvenile myoclonic epilepsy: characteristics of a primary
generalized epilepsy. Epilepsia 30:S1–S7, 1989.

Drury I, Beydoun A: Benign epilepsy of childhood with monomorphic
sharp waves in centrotemporal and other locations. Epilepsia 32:
662–667, 1991.

Duchowny MS, Resnic TJ, Deray M, et al: Video EEG diagnosis of repet-
itive behavior in childhood and its relationship to seizures. Ped
Neurology 2:162–164, 1988.

Dugas M, Masson M, Le Heuzey MF, et al: Aphasi ‘acquise’ de l’enfant
avec épilepsie (syndrome de Landau et Kleffner): douze observa-
tions personelles. Revue Neurologique (Paris) 138:755–780, 1982.

Dulac O, Plouin P, Jambaque I: Predicting favorable outcome in idio-
pathic West syndrome. Epilepsia 34:747–756, 1993.

Dulac O, Chiron C, Luna D, et al: Vigabatrin in childhood epilepsy. J
Child Neurol 6 (Suppl):2S30–2S37, 1991. 

Dulac O, Plouin P, Jambaque I, et al: Spasmes infantiles epileptique
benins. Rev EEG Neurophysiol Clin 16:371–382, 1986.

Dulac O, Billard C, Arthuis M: Aspects électro-cliniques et évolutifs de
l’épilepsie dans le syndromes aphasie-épilepsi. Archives Francais
Pediatrie 40:229–308, 1983.

Dunn DW, Austin JK, Harezlak J, et al: ADHD and epilepsy in child-
hood. Dev Med Child Neurol 45:50–4, 2003.

Dunn DW, Snyder CH: Benign paroxysmal vertigo of childhood. Am J
Diseases Child 130:1099, 1976.

Duval J, Braun CM, Daigneault S, Montour-Proulx I: Does the child be-
havior checklist reveal psychopathological profiles of children with
focal unilateral cortical lesions? Appl Neuropsychol 9:74– 83, 2002.

Echenne B, Cheminal R, Rivier F, et al: Epileptic electroencephalo-
graphic abnormalities and developmental dysphasias: a study of 32
patients. Brain Dev 14:216–225, 1992.

Epstein M, Markowitz R, Gallo D, et al: Munchausen syndrome by
proxy: considerations in diagnosis and confirmation by video
surveillance. Pediatrics 80:220–224, 1987.

Erba G, Browne TR: Atypical absence, myoclonic, atonic, and tonic
seizures and the Lennox-Gastaut syndrome. In Epilepsy: Diagnosis
and Management. Edited by Browne TR, Feldman RG. Boston, Lit-
tle, Brown, 1983, pp. 75–94.

Farwell JR, Dodrill CB, Batzel LW: Neuropsychological abilities of chil-
dren with epilepsy. Epilepsia 26:395–400, 1985.

Fastenau PS, Shen J, Dunn DW, et al: Neuropsychological predictors of
academic underachievement in pediatric epilepsy: moderating
roles of demographic, seizure, and psychosocial variables. Epilep-
sia 45:1261–1272, 2004.

Favatta I, Leuzzi V, Curatolo P: Mental outcome in West syndrome:
Prognostic value of some clinical factors. J Mental Def Res 31:9–15,
1987.

Felbamate Study Group in the Lennox-Gastaut Syndrome: Efficacy of
felbamate in childhood epileptic encephalopathy (Lennox-Gastaut
syndrome). N Engl J Med 328:29–33, 1993.

Ferri R, Del Gracco S, Elia M, Musumeci SA: Age-related changes of cor-
tical excitability in subjects with sleep-enhanced centrotemporal
spikes: a somatosensory evoked potential study. Clin Neurophysiol
111:591–599, 2000.

Finalyson GW, Lucas A: Pseudoepileptic seizures in children and ado-
lescents. Mayo Clinic Proc 54:83–87, 1979.

Fish DR, Smith SJ, Quesney LF, et al: Surgical treatment of children
with medically intractable frontal or temporal lobe epilepsy: results
and highlights of 40 years experience. Epilepsia 34:244–247, 1993.

Fogarasi A, Jokeit H, Faveret E, et al: The effect of age on seizure semi-
ology in childhood temporal lobe epilepsy. Epilepsia 43:638–643,
2002.

Fois A, Malandrini F, Balestri P, et al: Infantile spasms—long term
results of ACTH treatment. Eur J Pediatr 142:1–55, 1984.

French JA, Kanner AM, Bautista J, et al: Efficacy and tolerability of the
new antiepileptic drugs II: treatment of refractory epilepsy: report
of the Therapeutics and Technology Assessment Subcommittee and
Quality Standards Subcommittee of the American Academy of
Neurology and the American Epilepsy Society. Neurology 62:
1261–1273, 2004.

Frost JD Jr, Hrachovy RA: Infantile spasms. Boston: Kluwer Academic,
2003.

Frost M, Gates J, Helmers SL, et al: Vagus nerve stimulation in children
with refractory seizures associated with Lennox-Gastaut syndrome.
Epilepsia 42:1148–1152, 2001.

Funakoshi A, Morikawa T, Maramatsu R, et al: A prospective WISC-R
study in children with epilepsy. Jap J Psychiat Neurol 42:562–564,
1988.

Galanopoulou AS, Bojko A, Lado F, Moshe, SL: The spectrum of neu-
ropsychiatric abnormalities associated with electrical status epilep-
ticus in sleep. Brain Dev 22:279–295, 2000.

Gascon G, Victor D, Lombroso C, et al: Language disorder, convulsive
disorders, and electroencephalographic abnormalities. Arch Neurol
28:56–162, 1973.

Gascon G, Barlow C: Juvenile migraine, presenting as acute confu-
sional state. Pediatrics 45:628–635, 1970.

Gashlan M, Loy-English I, Ventureyra EC, Keene D: Predictors of
seizure outcome following cortical resection in pediatric and ado-
lescent patients with medically refractory epilepsy. Childs Nerv Syst
15:45–50, 1999.

Chapter 22: Epilepsy Syndromes in Childhood 475

75191_ch22.qxd  10/5/05  22:06  Page 475



Gastaut H: Benign epilepsy of childhood with occipital parozysms. In
Epileptic syndromes in Infancy, Childhood, and Adolescence.
Edited by Roger J, Dravet C, Bureau M, Dreifuss FE, Wolf P. Lon-
don: John Libbey Eurotext, 1985, pp. 159–170.

Gastaut H, Zifkin BG: Ictal visual hallucinations of numerals. Neurol-
ogy 34:950–953, 1984.

Gastaut H: A new type of epilepsy: benign parital epilepsy of child-
hood with occipital spike-waves. Clinical Electroencephalography
12:13–22, 1982.

Gelisse P, Genton P, Bureau M, et al: Are there generalised spike waves
and typical absences in benign rolandic epilepsy? Brain Dev 21:
390–396, 1999.

Genton P, Guerrini R: What differentiates Landau-Kleffner syndrome
from the syndrome of continuous spikes and waves during slow
sleep. Arch Neurol 50:1008–1009 (letter), 1993.

Glaze DG, Hrachovy RA, Frost JD: Prospective study of outcome of in-
fants with infantile spasms treated during controlled studies of
ACTH and prednisone. J Pediatr 112:389–396, 1988.

Gogtay N, Giedd JN, Lusk L, et al: Dynamic mapping of human corti-
cal development during childhood through early adulthood. Proc
Natl Acad Sci USA 101:8174–8179, 2004.

Goldsmith IL, Zupac ML, Buchhalter JR: Long-term seizure outcome in
74 patients with Lennox-Gastaut syndrome: effects of incorporat-
ing MRI head imaging in defining the cryptogenic subgroup.
Epilepsia 41:395–399, 2000.

Goodyer IM: Epileptic and pseudoepileptic seizures in childhood and
adolescence. J Amer Acad Child Psychiatry 24:3–9, 1985.

Gordon N: Review: juvenile myoclonic epilepsy. Child Care Health
Dev 20:71–76, 1994.

Gordon N: Acquired aphasia in childhood: the Landau-Kleffner syn-
drome. Dev Med Child Neurol 32:270–274, 1990.

Granata T, Gobbi G, Spreafico R, et al: Rasmussen’s encephalitis:
early characteristics allow diagnosis. Neurology 60:422–425,
2003a.

Granata T, Fusco L, Gobbi G, et al: Experience with immunomodula-
tory treatments in Rasmussen’s encephalitis. Neurology 61:1807–
1810, 2003b.

Green JR: Surgical treatment of epilepsy during childhood and adoles-
cence. Surg Neurol 8:71–80, 1977.

Greenberg, DA, Durner M, Keddache M, et al: Reproducibility and
complications in gene searches: linkage on chromosome 6, hetero-
geneity, association, and maternal inheritance in juvenile my-
oclonic epilepsy. Am J Hum Genet 66:508–516, 2000.

Gregory DL, Wong PK: Topographical analysis of the centro-temporal
discharges in benign rolandic epilepsy of childhood. Epilepsia 25:
705–711, 1984.

Gross M, Huerta E: Functional convulsions masked as epileptic disor-
der. J Pediat Psychol 511:71–79, 1980.

Gudmundsson O, Prendergast M, Foreman D, Cowley S: Outcome of
pseudoseizures in children and adolescents: a 6-year symptom sur-
vival analysis. Dev Med Child Neurol 43:547–551, 2001.

Guerreiro MM, Camargo EE, Kato M, et al: Brain single photon emis-
sion computed tomography imaging in Landau-Kleffner syndrome.
Epilepsia 37:60–67, 1996.

Gulgonen S, Demirbilek V, Korkmaz B, Dervent A, Townes BD: Neu-
ropsychological functions in idiopathic occipital lobe epilepsy.
Epilepsia 41:405–411, 2000.

Guzzetta F, Crisafulli A, Isaya Crino M: Cognitive assessment of in-
fants with West syndrome: how useful is it for diagnosis and prog-
nosis? Dev Med Child Neurol 35:379–387, 1993.

Harvey AS, Hopkins LJ, Bowe JM, et al: Frontal lobe epilepsy: Clinical
seizure characteristics and localization with ictal 9m Tc-HMPAO
SPECT. Neurology 43: 1966–1980, 1993.

Hauser WA, Hesdorffer DC: Epilepsy, Frequency, Causes, and Conse-
quences. New York: Demos Publications, 1990, pp. 2–51.

Heijbel J, Blom S, Rasmuson M: Benign epilepsy of childhood with cen-
trotemporal EEG foci: A genetic study. Epilepsia 16:285–293, 1975.

Helmstaedter C: Neuropsychological aspects of epilepsy surgery.
Epilepsy & Behavior 5:45–55, 2004.

Henriksen O, Johannessen SI: Clinical and pharmacokinetic observa-
tions on sodium valproate. A 5-year follow-up study in 100 chil-
dren with epilepsy. Acta Neurol Scand 65:504–523, 1982.

Hermann BP: Neuropsychological functioning and psychopathology
in children with epilepsy. Epilepsia 23:545–554, 1982.

Hermann BP, Whitman S, Hughes JR, et al: Multietiological determi-
nants of psychopathology and social competence in children with
epilepsy. Epil Res 2:51–60, 1998.

Hermann B, Seidenberg M: Neuropsychology and temporal lobe
epilepsy. CNS Spectr 7:343–348, 2002.

Herman BP, Seidenberg M, Jones JE, Sheth R, Koehn M, Hansen R, et al:
Neuropsychological Status of Children With New Onset Epilepsy.
Annual meeting of International Neuroscience Society, 2005.

Hernandez MT, Sauerwein HC, Jambaque I, et al: Deficits in executive
functions and motor coordination in children with frontal lobe
epilepsy. Neuropsychologia 40:384–400, 2002.

Hernandez MT, Sauerwein HC, Jambaque I, et al: Attention, memory,
and behavioral adjustment in children with frontal lobe epilepsy.
Epilepsy Behav 4:522–536, 2003.

Hirsch E, Marescaux C, Maquet P, et al: Landau-Kleffner syndrome : A
clinical and EEG study of five cases. Epilepsia 31:756–767, 1990.

Hoare P, Kerley S: Psychosocial adjustment of children with chronic
epilepsy and their families. Dev Med Child Neurol 33:201–215,
1991.

Holmes GL, McKeever M, Adamson M: Absence seizures in children:
clinical and electrographic features. Ann Neurol 21:268–273, 1987.

Holmes GL, McKeever M, Russman BS: Abnormal behavior or
epilepsy? Use of longterm EEG and video monitoring with severely
to profoundly mentally retarded patients with seizures. Am J Ment
Retard 87:456–458, 1983.

Holmes GL, McKeever M, Saunders Z: Epileptiform activity in aphasia
of childhood: An epiphenomenon. Epilepsia 22:631–639, 1981.

Honavar M, Janota I, Polkey CE: Rasmussen’s encephalitis in surgery
for epilepsy. Dev Med Child Neurol 34:3–14, 1992.

Hopkins IJ, Klug GL: Temporal lobectomy for the treatment of in-
tractable complex partial seizures of temporal lobe origin in early
childhood. Dev Med Child Neurol 33:26–31, 1991.

Hrachovy RA, Frost JD Jr: Infantile epileptic encephalopathy with hyp-
sarrhythmia (infantile spasms/West syndrome). J Clin Neurophys-
iol 20:408–425, 2003.

Hrachovy RA, Glaze DG, Frost JD: A retrospective study of sponta-
neous remission and long-term outcome in patients with infantile
spasms. Epilepsia 32:212–214, 1991.

Hrachovy RA, Frost JD Jr: Infantile spasms: a disorder of the develop-
ing nervous system. In: Kellaway P, Noebels JL, eds. Problems and
concepts in developmental neurophysiology. Baltimore, MD:
Johns Hopkins University Press, 1989:131–147.

Humphrey EL, Knopstein R, Bumpass ER: Gradually developing apha-
sia in children. J Am Acad Child Psychiatry 14:652–665, 1975.

Hurst DL, Rolan RD: The use of felbamate to treat infantile spasms. J
Child Neurol 10:134–136, 1995.

Iannetti P, Raucci U, Bastile LA, et al: Benign epilepsy of childhood
with centrotemporal spikes and unilateral developmental opercu-
lar dysplasia. Childs Nerv Sys 10:264–269, 1994.

Jambaque I, Chiron C, Dulac O, et al: Visual inattention in West syn-
drome: A neuropsychological and neurofunctional imaging study.
Epilepsia 34:692–700, 1993.

Jeavons PM, Bower BD: Infantile Spasms: A Review of the Literature
and a Study of 112 Cases. London: Heineman, 1964.

Jonas R, Nguyen S, Hu Bet, et al: Cerebral hemispherectomy: hospital
course, seizure, developmental, language, and motor outcomes.
Neurology 62:1712–1721, 2004.

Jung KY, Kim JM, Kim DW: Patterns of interictal spike propagation
across the central sulcus in benign rolandic epilepsy. Clin Elec-
troencephalogr 34:153–157, 2003.

Kadis DS, Stollstorff M, Elliott I, et al: cognitive and psychological pre-
dictors of everyday memory in children with intractable epilepsy.
Epilepsy Behav 5:37–43, 2004.

Kajitani T, Takafumi K, Sumita M, et al: Relationship between epilepsy
of children with centro-temporal EEG foci and febrile convulsions.
Brain Dev 14:230–234, 1992.

Kaminer Y, Apter A, Lerman P, et al: Psychopathology and temporal
epilepsy in adolescents. Acta Psychiat Scand 77:640–644, 1988.

Keller SS, Wieshmann UC, Mackay CE, et al: voxel based morphometry
of grey matter abnormalities in patients with medically intractable
temporal lobe epilepsy: effects of side of seizure onset and epilepsy
duration. J Neurol Neurosurg Psychiatry 73:648–655, 2002.

Kim SJ, Park YD, Pillai JJ, et al: Longitudinal MRI study in children with
Rasmussen syndrome. Pediatr Neurol 27:282–288, 2002.

476 Section III: Neuropsychiatric Aspects of Neurologic Disorders of Children and Adolescents

75191_ch22.qxd  10/5/05  22:06  Page 476



Kinney RO, Shaywitz BA, Shaywitz SE, et al: Epilepsy in children with at-
tention deficit disorder: cognitive, behavioral, and neuroanatomic
indices. Pediatr Neurol 6:31–37, 1990.

Kivity S, Lerman P, Ariel R, et al: Long-term cognitive outcomes of a co-
hort of children with cryptogenic infantile spasms treated with high-
dose adrenocorticotropic hormone. Epilepsia 45:255–262, 2004.

Koo B, Hwang PA, Logan WJ: Infantile spasms: outcome and prognos-
tic factors of cryptogenic and symptomatic groups. Neurology 43:
2322–2327, 1993.

Kotagal P, Arunkumar G, Hammel J, et al: Complex partial seizures of
frontal lobe onset statistical analysis of ictal semiology. Seizure 12:
268–281, 2003.

Kotagal P, Costa M, Wyllie E, et al: Paroxysmal nonepileptic events in
children and adolescents. Pediatrics 110:e46, 2002.

Kotagal P, Rothner D, Erenberg G, et al: Complex partial seizures of
childhood onset. A five-year follow-up study. Arch Neurol 44:
1177–1180, 1987.

Kral T, Kuczaty S, Blumcke I, et al: Postsurgical outcome of children
and adolescents with medically refractory frontal lobe epilepsies.
Childs Nerv Syst 17:595–601, 2001.

Kramer U, Lerman P. Benign childhood epilepsy with centro-temporal
spikes. Harefuah 140:776–779, 805, 2001.

Kristensen O, Sindrup EH: Psychomotor epilepsy and psychosis I.
Physical aspects. Acta Neurolog Scand 57:361–377, 1978.

Kuehn SM, Keene DL, Richards PM, et al: Are there changes in intelli-
gence and memory functioning following surgery for the treatment
of refractory epilepsy in childhood? Childs Nerv Syst 18:306–310,
2002.

Kurokawa T, Goya N, Fukuyama Y, et al: West syndrome and Lennox-
Gastaut syndrome: a survey of natural history. Pediatrics 65:81–88,
1980.

Lacy JR, Penry JK: Infantile Spasms. New York: Raven Press, 1976.
Lada C, Skiadas K, Theodorou V, Loli N, Covanis A. A study of 43 pa-

tients with panayiotopoulos syndrome, a common and benign
childhood seizure susceptibility. Epilepsia 44:81–8, 2003.

Lado FA, Moshe SL: Role of subcortical structures in the pathogenesis
of infantile spasms: what are possible subcortical mediators? Int
Rev Neurobiol 49:115–140, 2002.

Landau WM, Kleffner FR: Syndrome of acquired aphasia with convul-
sive disorder. Neurology 7:523–530, 1957.

Landolt H: Serial electroencephalographic investigations during psy-
chotic episodes in epileptic patients and during schizophrenic at-
tacks. In Lectures on Epilepsy. Edited by De Haas L. New York:
Elsevier Science, 1958, pp. 91–133.

Laskowitz DT, Sperling MR, French JA, et al: The syndrome of frontal
lobe epilepsy: Characteristics and surgical management. Neurology
45:780–787, 1995.

Lassonde M, Sauerwein HC, Jambaque I, et al: Neuropsychology of
childhood epilepsy: pre-and postsurgical assessment. Epileptic
Disord 2:3–13, 2000.

Lawson JA, Cook MJ, Vogrin S, et al: Clinical, EEG, and quantitative
MRI differences in pediatric frontal and temporal lobe epilepsy.
Neurology 58:723–729, 2002.

Legarda S, Jayakar P, Duchowny M, et al: Benign rolandic epilepsy: high
central and low central subgroups. Epilepsia 25:1125–1129, 1994.

Lendt M, Gleissner U, Helmstaedter C, et al: Neuropsychological out-
come in children after frontal lobe epilepsy surgery. Epilepsy Behav
3:51–59, 2002.

Lendt M, Helmstaedter C, Kuczaty S, et al: Behavioural disorders in
children with epilepsy: early improvement after surgery. J Neurol
Neurosurg Psychiatry 69:739–744, 2000.

Lendt M, Helmstaedter C, Elger CE. Pre-and postoperative neuropsy-
chological profiles in children and adolescents with temporal lobe
epilepsy. Epilepsia 40:1543–1550, 1999. 

Lerman P, Kivity S: The benign parital nonrolandic epilepsies. J Clin
Neurophysiol 8:272–287, 1991.

Lerman P, Kivity S: Benign focal epilepsy of childhood. Archives of
Neurology 32:261–264, 1975.

Lerman P, Lerman-Sagie T, Kivity S: Effect of early cortico-steroid ther-
apy for Landau-Kleffner syndrome. Dev Med Child Neurol 33:257–
266, 1991.

Lespinet V, Bresson C, N’Kaoua B, et al: Effect of age of onset of tem-
poral lobe epilepsy on the severity and the nature of preoperative
memory deficits. Neuropsychologia 40:1591–600, 2002.

Levav M, Mirsky AF, Herault J, et al: Familial association of neuropsy-
chological traits in patients with generalized and partial seizure dis-
orders. J Clin Exp Neuropsychol 24:311–326, 2002.

Lin YY, Chang KP, Hsieh JC, et al: Magnetoencephalographic analysis
of bilaterally synchronous discharges in benign rolandic epilepsy of
childhood. Seizure 12:448–455, 2003.

Lindsay JJ, Glaser G, Richards P, et al: Developmental aspects of focal
epilepsies of childhood treated by neurosurgery. Dev Med Child
Neurol 26:574–587, 1984.

Lindsay JJ, Ounsted C, Richards P: Long-term outcome in children
with temporal lobe seizures. III. Psychiatric aspects in childhood
and adult life. Dev Med Child Neurol 21:630–636, 1979a.

Lindsay JJ, Ounsted C, Richards P: Long-term outcome in children
with temporal lobe seizures I: Social outcome and childhood fac-
tors. Dev Med Child Neurol 21:285–298, 1979b.

Lockman LA: Absence, myoclonic, and atonic seizures. Pediatr Clin
North Am 36:331–341, 1989.

Loiseau P, Duche B, Cordova S, et al: Prognosis of benign childhood
epilepsy with centro-temporal spikes: A follow-up study of 168 pa-
tients. Epilepsia 29:229–235, 1988.

Lombroso CT, Lerman P: Breatholding spells (cyanotic and pallid in-
fantile syncope). Pediatrics 39:563, 1967.

Lüders H, Lesser RP, Dinner D, et al: Benign rolandic epilepsy of child-
hood. In Epilepsy electroclinical syndromes. Edited by Lüders H.
Berlin, Springer-Verlag, 1989, pp. 303–346.

Lum LM, Connolly MB, Farrell K, Wong PK: Hyperventilation-induced
high-amplitude rhythmic slowing with altered awareness: a video-
EEG comparison with absence seizures. Epilepsia 43:1372–1378,
2002.

Lundberg S, Eeg-Olofsson O, Raininko R, et al: Hippocampal asym-
metries and white matter abnormalities on MRI in benign
childhood epilepsy with centrotemporal spikes. Epilepsia 40:
1808–1815, 1999.

Mabbott DM, Smith ML: Material-specific memory in children with
temporal and extratemporal lobectomies. Neuropsychologia 41:
995–1007, 2003.

Mackay MT, Weiss SK, Adams-Webber T, et al: Practice parameter:
medical treatment of infantile spasms: report of the American
Academy of Neurology and the Child Neurology Society. Neurol-
ogy 62:1668–1681, 2004.

Maezawa M, Seki T, Yamawaki H, et al: Long-term prognosis of ab-
sence seizures. A follow-up study of more than five years. Brain Dev
(Tokyo) 7:179,1985.

Mahowald MW, Rosen GM: Parasomnias in children. Pediatrician 17:
21–31, 1990.

Majoie HJ, Berfelo MW, Aldenkamp AP, et al: Vagus nerve stimulation
in children with therapy-resistant epilepsy diagnosed as Lennox-
Gastaut syndrome: clinical results, neuropsychological effects, and
cost-effectiveness. J Clin Neurophysiol 18:419–428, 2001.

Makar AF, Squier PJ: Munchausen syndrome by proxy: father as a per-
petrator. Pediatrics 85:370–373, 1990.

Mandelbaum D, Burack G: The effect of seizure type and medication
on cognitive and behavioral functioning in children with idio-
pathic epilepsy. Dev Med Child Neurol 39:731–735, 1997.

Marescaux C, Hirsch E, Finck S, et al: Landau-Kleffner syndrome: a
pharmacological study for five cases. Epilepsia 31:768–777, 1990.

Markand ON: Lennox-Gastaut syndrome (childhood epileptic en-
cephalopathy). J Clin Neurophysiol 20:426–441, 2003.

Martinovic Z: Clinical correlations of electroencephalographic occipi-
tal epileptiform paroxysms in children. Seizure 10(5):379–381,
2001.

Matsumoto A, Watanabe K, Negoro T, et al: Longterm prognosis after
infantile spasms: a statistical study of prognostic factors in 200
cases. Dev Med Child Neurol 23:51–65, 1981.

McGuire TL, Feldman KW: Psychological morbidity of children sub-
jected to Munchausen syndrome by proxy. Pediatrics 83:289–292,
1989.

McLachlan RS, Girvin JP, Blume WT, et al: Rasmussen’s chronic en-
cephalitis in adults. Arch Neurol 50:269–274, 1993.

Meadow R: Neurological and developmental variants of Munchausen
syndrome by proxy. Dev Med Child Neurol 33:267–272, 1991.

Meadow R: Munchausen syndrome by proxy. Brit Med J 299:248–250,
1989.

Meadow R: Fictitious epilepsy. Lancet 2:25–28, 1984.

Chapter 22: Epilepsy Syndromes in Childhood 477

75191_ch22.qxd  10/5/05  22:06  Page 477



Mimaki T, Ono J, Yabauchi H: Temporal lobe astrocytoma with infan-
tile spasms. Ann Neurol 14:695–695, 1983.

Miranda C, Smith ML: Predictors of intelligence after temporal lobec-
tomy in children with epilepsy. Epilepsy Behav 2:13–19, 2001.

Mitchell WG, Zhou Y, Chavez JM, et al: Effects of antiepileptic drugs
on reaction time, attention, and impulsivity in children. Pediatrics
91:101–105, 1993.

Mitchell WG, Chavez JM, Lee H, et al: Academic underachievement in
children with epilepsy. J Child Neurol 6:65–72, 1991.

Mohamed A, Wyllie E, Ruggieri P, et al: Temporal lobe epilepsy due to
hippocampal sclerosis in pediatric candidates for epilepsy surgery.
Neurology 56:1643–1649, 2001.

Mohr P, Bond MH: A chronic epidemic of hysterical blackouts in a
comprehensive school. Brit Med J 284:961–996, 1982.

Morikawa T, Seino M, Osawa T, et al: Five children with continuous
spike-waves during sleep. In Epileptic Syndromes in Infancy,
Childhood, and Adolescence. Edited by Roger J, Dravet C, Bureau
M, Dreifuss FE, Wolf P. London: John Libbey Eurotext, 1985, pp.
205–212.

Morris H, Dinner D, Lüders H, Wyllie E, Kramer R: Supplementary
motor seizures: clinical and elcetrogphic findings. Neurology 38:
1075–1088, 1988.

Motamedi G, Meador K: Epilepsy and cognition. Epilepsy Behav
4:25–38, 2003.

Murphy CC, Trevathan E, Yeargin-Allsopp MY: Prevalence of epilepsy
and epileptic seizures in 10-year-old children: results from the
Metropolitan Atlanta Developmental Disabilities Study. Epilepsia
36:866–872, 1995.

Nakano S, Okuno T, Mikawa H: Landau-Kleffner syndrome. EEG to-
pographic studies. Brain Dev (Tokyo) 11:43–50, 1989.

Nasr JT, Gabis L, Savatic M, Andriola MR: The electroencephalogram
in children with developmental dysphasia. Epilepsy Behav 2:115–
118, 2001.

Nass R, Heier L, Walker R: Landau-Kleffner syndrome: temporal lobe
tumor resection results in good outcome. Pediatr Neurol 9:303–
305, 1993.

Neil JC, Alvarez N: Differential diagnosis of epileptic versus pseu-
doepileptic seizures in disabled persons. Appl Res Ment Retard 7:
285–298, 1986.

Nevs̆ímalová S, Tauberová A, Doutlík S, et al: A role of autoimmunity
in the etiopathogenesis of Landau-Kleffner syndrome? Brain Dev
14:342–345, 1992.

Nolan MA, Redoblado MA, Lah S, et al: Intelligence in childhood
epilepsy syndromes. Epilepsy Res 53:139–150, 2003.

Nolan M, Redoblado M, Lah S, Sabaz M, et al: Memory function in
childhood epilepsy syndromes. J Paediatr Child Health 40:20–27,
2004.

Obeid T: Clinical and genetic aspects of juvenile absence epilepsy. J
Neurol 241 487–491, 1994.

Oguni H, Andermann F, Rasmussen T: The natural history of the syn-
drome of chronic encephalitis and epilepsy: A study of the MNI
series of forty-eight cases. In Chronic Encephalitis and Epilepsy:
Rasmussen’s Syndrome. Edited by Andermann F. Stoneham, MA:
Butterworth, 1991, pp. 7–35.

Oguni H, Hayashi K, Funatsuka M, Osawa M: Study on early-onset be-
nign occipital seizure susceptibility syndrome. Pediatr Neurol 25:
312–318, 2001.

Ohtahara S, Ohtsuka Y, Yamatogi Y, et al: Prenatal etiologies of West
syndrome. Epilepsia 34:716–722, 1993.

Ohtahara S, Ohtsuka Y, Yoshinaga H, et al: Lennox-Gastaut Syndrome:
etiological considerations. In The Lennox-Gastaut Syndrome.
Edited by Niedermeyer E, Degen R. New York: AR Liss, 1988, pp.
47–63.

Ohtsu M, Oguni H, Hayashi K, Funatsuka M, Imai K, Osawa M. Epilep-
sia: EEG in children with early-onset benign occipital seizure sus-
ceptibility syndrome: Panayiotopoulos syndrome. Epilepsia 44:
435–442, 2003.

Ohtsuka Y, Amano R, Mizukawa M, et al: Long-term prognosis of the
Lennox-Gastaut Syndrome. Jap J Psychiat Neurol 44:257–264, 1990.

Olbrich A, Urak L, Groppel G, et al: Semiology of temporal lobe
epilepsy in children and adolescents. Value in lateralizing the
seizure onset zone. Epilepsy Res 48:103–110, 2002.

Olson AL, Seidler AB, Goodman D: School professionals’ perceptions
abut the impact of chronic illness in the classroom. Arch Pediatr
Adolesc Med 158:53–58, 2004.

Oostrom KJ, Smeets-Schouten A, Kruitwagen CL, et al: Not only a mat-
ter of epilepsy: early problems of cognition and behavior in chil-
dren with “epilepsy only”—a prospective, longitudinal, controlled
study starting at diagnosis. Pediatrics 112:1338–1344, 2003.

Oostrom KJ, Schouten A, Kruitwagen CL, et al: Attention deficits are
not characteristic of schoolchildren wit newly diagnosed idiopathic
or cryptogenic epilepsy. Epilepsia 43:301–310, 2002.

Oppenheimer EY, Rosman NP: Seizures and seizure-Like states in the
child: An approach to emergency management. Emergency Med
Clin North Am 1:125–140, 1983.

Ortinski P, Meador KJ: Cognitive side effects of antiepileptic drugs.
Epilepsy & Behavior 5:60–65, 2004.

Ott D, Caplan R, Guthrie D, et al: Measures of psychopathology in
children with complex partial seizures and primary generalized
epilepsy with absence. J Amer Acad Child Adolesc Psychiatry
40:907–914, 2001.

Pakalnis A, Paolicchi J: Frequency of secondary conversion symptoms
in children with psychogenic nonepileptic seizures. Epilepsy Behav
4:753–756, 2003a.

Pakalnis A, Paolicchi J: Psychogenic seizures after head injury in chil-
dren. J Child Neurol 15:78–80, 2003b.

Pakalnis A, Drake ME, Kuruvilla J, et al: Forced normalization: Acute
psychosis after seizure control in seven patients. Arch Neurol 44:
289–292, 1987.

Panayiotopoulos CP: Treatment of typical absence seizures and related
epileptic syndromes. Paediatr Drugs 3:379–340, 2001.

Panayiotopoulos CP: Benign nocturnal childhood occipital epilepsy:
A new syndrome with nocturnal seizures, tonic deviation of the
eyes and vomiting. J Child Neurol 4:43–48, 1989.

Papavasiliou A, Vassilaki N, Paraskevoulakos E, et al: Psychogenic sta-
tus epilepticus in children. Epilepsy Behav 5:539–546, 2004.

Paquier PF, van Dongen HR, Loonen CB: The Landau-Kleffner syn-
drome or “acquired aphasia with convulsive disorder.” Long-term
follow-up of six children and a review of the recent literature. Arch
Neurol 49:354–359, 1992.

Pardo CA, Vining EP, Guo L, et al: The pathology of Rasmussen syn-
drome: stages of cortical involvement and neuropathological stud-
ies in 45 hemispherectomies. Epilepsia 45:516–526, 2004.

Park SH, Vinters HV: Ultrastructural study of Rasmussen encephalitis.
Ultrastruct Pathol 26:287–292, 2003.

Pascual-Castroviejo I: Nocardipine in the treatment of acquired apha-
sia and epilepsy. Dev Med Child Neurol 32:930, 1990.

Pateau M, Granstrom G, Blomstedt V, et al: Magnetoencephalography
in presurgical evaluation of children with the Landau-Kleffner syn-
drome. Epilepsia 40:326–335, 1999.

Pavone P, Bianchini R, Trifiletti RR, Incorpora G, Pavone A, Parano E:
Neuropsychological assessment in children with absence epilepsy.
Neurology 56:1047–1051, 2001.

Penfield W, Jasper H: Epilepsy and the Functional Anatomy of the
Human Brain, 1st ed. Boston, Little and Brown, 1954.

Perez ER, Davidoff V, Desplan PA, et al: Mental and behaivioral
deterioration of children with epilepsy and CSWS: Acquired
epileptic frontal syndrome. Dev Med Child Neurol 35:661–674,
1993.

Perniola I, Margari L, Buttiglione M, et al: A case of Landau-Kleffner
syndrome secondary to inflammatory demyelinating disease.
Epilepsia 39:551–556, 1993.

Porter BE, Judkins AR, Clancy RR, et al: Dysplasia: a common finding
in intractable pediatric temporal lobe epilepsy. Neurology 61:365–
368, 2003.

Quesney LF, Constain M, Rasmussen T: Seizures from dorsolateral
frontal lobe. Adv Neurol 57:233–243, 1992.

Quesney LF, Constain M, Fish DR, et al: Frontal lobe epilepsy—a field
of recent emphasis. Am J EEG Technology 30:177–193, 1990.

Rapin I, Mattis S, Rowan AJ, et al: Verbal auditory agnosia in children.
Dev Med Child Neurol 19:192–207, 1977.

Rasmussen T, Andermann F: Update on the syndrome of “chronic en-
cephalitis” and epilepsy. Cleve Clin J Med 56 (Suppl Part 2):S181–
S184, 1989.

Rating D, Wolf C, Bast T: Sulthiame as monotherapy in children with
benign childhood epilepsy with centrotemporal spikes: a 6-month,
double-blind, placebo-controlled study: Sulthiame Study Group.
Epilepsia 41:1284–1288, 2000.

Ravnik I: A case of Landau-Kleffner syndrome: Effect of intravenous
diazepam. In Epileptic Syndromes in Infancy, Childhood, and

478 Section III: Neuropsychiatric Aspects of Neurologic Disorders of Children and Adolescents

75191_ch22.qxd  10/5/05  22:06  Page 478



Adolescence. Edited by Roger J, Dravet C, Bureau M, Dreifuss FE,
Wolf P. London: John Libbey Eurotext, 1985, pp. 192–193.

Renganathan R, Delanty N: Juvenile myoclonic epilepsy: under-
appreciated and under-diagnosed. Postgrad Med J 79:78–80, 2003.

Rice ML: Children with specific language impairment: Toward a model
of teachability. In A Krasnegor, DM Rumbaugh, RL Schiefelbusch &
M Studdert-Kennedy (Eds.). Biological and behavioral determi-
nants of language development. Hillsdale, NJ: Lawrence Erlbaum
Associates, 1991, pp. 447–480.

Riggio S, Harner RN: Frontal Lobe Epilepsy. Neuropsychiatry, Neu-
ropsychol Behavioral Neurol 5:283–293, 1992.

Riikonen R: A long-term follow-up study of 214 children with the syn-
drome of infantile spasms. Neuropediatrics 13:14–23, 1982.

Riikonen R, Amnell G: Psychiatric disorders in children with earlier in-
fantile spasms. Dev Med Child Neurol 23:747–760, 1981.

Rintahaka PJ, Chugani HT, Sankar R: Landau-Kleffner syndrome with
continuous spikes and waves during slow-wave sleep. J Child Neu-
rol 10:127–133, 1995.

Riva D, Saletti V, Nichelli F, et al: Neuropsychologic effects of frontal
lobe epilepsy in children. J Child Neurol 17:661–667, 2002.

Rodin EA, Schmaltz S, Twitty G: Intellectual functions of patients with
childhood-onset epilepsy. Dev Med Child Neurol 26:25–33, 1986.

Rosenberg D: Web of deceit: a literature review of Munchausen by
proxy. Child Abuse Negl 11:547–563, 1987.

Roulet E, Deonna T, Gaillard F, et al: Acquired aphasia, dementia, and
behavior disorder with epilepsy and continuous spike and waves
during sleep in a child. Epilepsia 32:495–503, 1991.

Rutter M, Graham P, Yule W: A neuropsychiatric study in childhood.
London: S.I.M.P./William Heinemann Medical Books, 1970.

Saint-Martin AD, Seegmuller C, Carcangiu R, et al: Cognitive conse-
quences of Rolandic Epilepsy Epileptic Disord 3 Spec No 2:SI59–
65, 2003.

Salanova V, Morris HH, Van Ness P, et al: Frontal lobe seizures: Elec-
troclinical syndromes. Epilepsia 36:16–24, 1995.

Salanova V, Andermann F, Olivier A, et al: Occipital lobe epilepsy:
Electrocortical manifestations, electrocorticography, cortical stimu-
lation and outcome in 42 patients treated between 1930 and 1991.
Brain 115:1655–1680, 1992.

Saltzman J, Smith ML, Scott K: The impact of age at seizure onset n the
likelihood of atypical language representation in children with in-
tractable epilepsy. Brain Cogn 48:517–520, 2002.

Sander T, Bockenkamp B, Hildmann T, et al: Refined mapping of the
epilepsy susceptibility locus EJM1 on chromosome 6. Neurology
49:842–847, 1997.

Sankar R, Chugani H, Lubens P, et al: Heterogeneity in the patterns of
cerebral glucose utulization in children with Landau-Kleffner syn-
drome. Neurology 40:257, 1990.

Sassower K, Duchowny M: Psychogenic seizures and nonepileptic phe-
nomena in childhood. Epilepsy and Behavior. New York: Wiley-
Liss, 1992, pp. 223–235.

Sawhney IM, Robertson IJ, Polkey CE, et al: Multiple subpial transec-
tion: a review of 21 cases. J Neurol Neurosurg Psychiatry 58:344–
349, 1995.

Sawhney IM, Suresh N, Dhand UK, et al: Acquired aphasia with
epilepsy: Landau-Kleffner syndrome. Epilepsia 29:283–287,
1988.

Saygi S, Katz A, Marks DA, et al: Frontal lobe partial seizures and psy-
chogenic seizures: Comparison of clinical and ictal characteristics.
Neurology 42:1274–1277, 1992.

Schlumberger E, Dulac O: A simple, effective and well-tolerated treat-
ment regime for West syndrome. Dev Med Child Neurol 36:863–
872, 1994.

Schneider S, Rice DR: Neurologic manifestations of childhood hyste-
ria. The J Pediatrics 94:153–156, 1979.

Schoenfeld J, Seidenberg M, Woodard A, et al: Neuropsychological
and behavioral status of children with complex partial seizures.
Dev Med Child Neurol 41:724–731, 1999.

Scott RC, Gadian DG, Cross JH, et al: Quantitative magnetic resonance
characterization of mesial temporal sclerosis in childhood. Neurol-
ogy 56:1659–1665, 2001.

Seidel WT, Mitchell WG: Cognitive and behavioral effects of carba-
mazepine in children: data from benign rolandic epilepsy. J Child
Neurol 4:716–723, 1999.

Seidenberg M: Childhood epilepsies: neuropsychological, psychoso-
cial, and intervention aspects. “Academic achievement and school

performance of children with epilepsy.” In Herman BP, Seidenberg
M, eds. New York: John Wiley & Sons, 1989.

Semrud-Clikeman M, Wical B: Components of attention in children
with complex partial seizures with and without ADHD. Epilepsia
40:211–215, 1999.

Septien L, Pelletier JL, Brunotte F, et al: Migraine in patients with a his-
tory of centro- temporal epilepsy in childhood: a Hm-PAO SPECT
study. Cephalalgia 11:281–284, 1991.

Sherman E, Slick DJ, Connolly MB, Steinbok P,  Martin R, Strauss E,
Chelune GJ, Farrell K: Reexamining the effects of epilepsy surgery
on IQ in children: use of regression-based change scores. J Int Neu-
ropsychol Soc 9:879–886, 2003.

Shigematsu H, Nakmura H, Yagi K, et al: Neuroimaging study of
frontal lobe epilepsies. Jpn J Psychiatry Neurol 46:462–466, 1992.

Shukla G, Bhatia M, Vivekanandhan S, et al: Serum prolactin levels for
differentiation of nonepileptic versus true seizures: limited utility.
Epilepsy Behav 5:517–521, 2004.

Silver LB: Conversion disorder with pseudoseizures in adolescence: A
stress reaction to unrecognized and untreated learning disabilities.
J Am Acad Child Psychiatry 21:508–512, 1982.

Sinclair DB, Wheatley M, Snyder T: Frontal lobe epilepsy in childhood.
Pediatr Neurol 30:169–176, 2004.

Sinclair DB, Aronyk KE, Snyder TJ, et al: Pediatric epilepsy surgery at the
University of Alberta: 1988–2000. Pediatr Neurol 29:302–311, 2003.

Singhi PD, Bansal U, Singhi S, et al: Determinants of IQ profile in chil-
dren with idiopathic generalized epilepsy. Epilepsia 33:1106–
1114, 1992.

Siren A, Eriksson K, Jalava H, Kilpinen-Loisa P, Koivikko M: Idiopathic
generalised epilepsies with 3 Hz and faster spike wave discharges: a
population-based study with evaluation and long-term follow-up
in 71 patients. Epileptic Disord 4:209–216, 2002.

Slater E, Beard AW: The schizophrenia-like psychoses of epilepsy. Brit
J Psychiatry 109:95–150, 1963.

Smith ML, Elliott IM, Lach L: Cognitive, psychosocial, and family func-
tion one year after pediatric epilepsy surgery. Epilepsia 45:650–
660, 2004.

Smith ML, Elliott IM, Lach L: Cognitive skills in children with in-
tractable epilepsy: comparison of surgical and nonsurgical candi-
dates. Epilepsia 43:631–637, 2002.

Sowell ER, Peterson BS, Thompson PM, et al: Mapping cortical change
across the human life span. Nat Neurosci 6:309–315, 2003.

Stoeffels C, Munari C, Bonis A, et al: Manifestations génitales et “sexu-
alles” lors des crises épileptiques partielles chex l’homme. Revue
EEG Neurophysiologique 10:386–392, 1980.

Stores G, Zaiwalla Z, Bergel N: Frontal lobe complex partial seizures in
children: A form of epilepsy at particular risk of misdiagnosis. Dev
Med Child Neurol 33:998–1009, 1991.

Stores G: School-children with epilepsy at risk for learning and behav-
ioral problems. Dev Med Child Neurol 20:502–508, 1978a.

Stores G, Hart J, Piran N: Inattentiveness in schoolchildren with
epilepsy. Epilepsia 19:169–175, 1978b.

Stores, G: Studies of attention and seizure disorders Dev Med Child
Neurol 15:376–382, 1973.

Sturniolo MG, Galletti F: Idiopathic epilepsy and school achievement.
Arch Dis Child 70:424–428, 1994.

Szabo CA, Wyllie E, Stanford LD, et al: Neuropsychological effect of
temporal lobe resection in preadolescent children with epilepsy.
Epilepsia 39: 814–819, 1998. 

Takeoka M, Riviello JJ Jr, Duffy FH, et al: Bilateral volume reduction of
the superior temporal areas in Landau-Kleffnersyndrome. Neurol-
ogy 263:1289–1292, 2004.

Tassinari CA, Bureau M, Dravet C, et al: Electrical status epilepticus
during sleep in children (ESES). In Sleep and Epilepsy. Edited by
Sterman MB, Shouse MN, Passouant P. New York: Academic Press,
1982, pp. 465–479.

Taylor DC: Aggression and epilepsy. J Psychosom Res 13:229–236, 1975.
Tsai ML, Lo HY, Chaou WT: Clinical and electroencephalographic

findings in early and late onset benign childhood epilepsy with oc-
cipital paroxysms. Brain Dev 23:401–405, 2001.

Tuchman RF, Rapin I: Regression in pervasive developmental disor-
ders: seizures and epileptiform electroencephalogram correlates.
Pediatrics 99:560–566, 1997.

Tuchman RF, Rapin I, Shinnar S. Autistic and dysphasic children.
II. Epilepsy. Pediatrics 88:1219–1225, 1991. Pediatrics 88:
1219–1225, 1991

Chapter 22: Epilepsy Syndromes in Childhood 479

75191_ch22.qxd  10/5/05  22:06  Page 479



van der Meij W, van Huffelen AC, Willemse J, et al: Rolandic spikes in
the interictal EEG of children: Contribution to diagnosis, classifica-
tion and prognosis of epilepsy. Dev Med Child Neurol 34:893–
903, 1992.

Van Ness PC: Frontal and parietal lobe epilepsy. In The Treatment of
Epilepsy: Principles and Practice. Edited by Wyllie E. Philadelphia,
Lea and Febiger, 1993, pp. 525–532.

Vargha-Khadem F, Isaacs EB, Papaleloudi H, et al: Development of
language in six hemispherectomized patients. Brain 11:473–495,
1991.

Vigevano F, Fusco L, Cusmai R, et al: The idiopathic form of West syn-
drome. Epilepsia 34:743–746, 1993.

Vining EPG, Freeman JM, Brandt J, et al: Progressive unilateral en-
cephalopathy of childhood (Rasmussen’s syndrome): A reap-
praisal. Epilepsia 34:639–650, 1993.

Voeller KKS: Epilepsy. In Pediatric Neuropsychology in the Medical
Setting. Edited by Baron IS, Fennell EB, Voeller KKS. New York: Ox-
ford University Press, 1995, pp. 241–291.

Wakai S, Ito N, Ueda D, et al: Landau-Kleffner syndrome and sulthi-
ame. Neuropediatrics 28:135–136 1997.

Watkins RV: Specific language impairments in children: an introduction.
In R V Watkins and ML Rice (Eds.), Specific language impairments in
children (pp. 1–15) Baltimore, MD US: Paul H. Brookes, 1994.

Watson R, Jiang Y, Bermudez I, et al: Absence of antibodies to gluta-
mate receptor type 3 (GluR3) in Rasmussen encephalitis. Neurol-
ogy 63:43–50, 2004.

Wheless JW, Simos PG, Butler IJ: Language dysfunction in epileptic
conditions. Semin Pediatr Neurol 9:218–228, 2002.

White J, Sreenivasan V: Epilepsy-aphasia syndrome in children: an un-
usual presentation to psychiatry. Can J Psychiatry 32:599–601,
1987.

Whitman S, Hermann BP, Black RB, et al: Psychopathology and
seizure type in children with epilepsy. Psychol Med 12:843–853,
1982.

Wieser HG, Swartz BE, Delgado-Escueta AV, et al: Differentiating
frontal lobe seizures from temporal lobe seizures. In Advances in
Neurology, Vol. 57: Frontal Lobe Epilepsy. Edited by Chauvel P,
Delgado-Escueta AV. New York: Raven Press, 1992, pp. 267–285.

Wieser HG: Electroclinical Features of the Psychomotor Seizure.
Stuttgart. New York: G. Fischer, 1983.

Willert C, Spitzer C, Kusserow S, et al: Serum neuron-specific enolase,
prolactin, and creatine kinase after epileptic and psychogenic non-
epileptic seizures. Acta Neurol Scand 109:318–323, 2004.

Williams J, Phillips T, Griebel ML, et al: Factors associated with aca-
demic achievement in children with controlled epilepsy. Epilepsy
Behav 2:217–223, 2001a.

Williams J, Phillips T, Griebel ML, et al: Patterns of memory perfor-
mance in children with controlled epilepsy on the CVLT-C. Neu-
ropsychol Dev Cogn Sect C Child Neuropsychol 1:15–20, 2001.

Williams J, Griebel ML, Sharp GB, et al: Cognition and behavior after
temporal lobectomy in pediatric patients with intractable epilepsy.
Pediatr Neurol 19:89–94, 1998.

Williams J, Sharp G, Bates S, et al: Academic achievement and behav-
ioral ratings in children with absence and complex partial epilepsy.
Edu Treat Child 19:143–152, 1996a.

Williams J, Sharp G, Lange B, et al: The effects of seizure type, level of
seizure control, and antiepileptic drugs on memory and attention
skills in children with epilepsy. Developmental Neuropsychology
12:241–253, 1996b.

Williamson PD: Frontal lobe epilepsy: some clinical characteristics.
Adv Neurol 66:127–150, 1995.

Williamson PD: Frontal lobe seizures: Problems of diagnosis and clas-
sification. Adv Neurol 57:289–309, 1992.

Williamson PD, Spencer DD, Spencer SS, et al: Complex partial
seizures of frontal origin. Ann Neurol 18:497–504, 1985.

Wirrell EC: Natural history of absence epilepsy in children. Can J Neu-
rol Sci 30:184–188, 2003.

Wirrell EC, Camfield CS, Camfield PR, et al: Long-term psychosocial
outcome in typical absence epilepsy. Sometimes a wolf in sheeps’
clothing. Arch Pediatr Adolesc Med 151:152–158, 1997. 

Wirrell EC, Camfield CS, Camfield PR, Gordon KE, Dooley JM: Long-
term prognosis of typical childhood absence epilepsy: remission or
progression to juvenile myoclonic epilepsy. Neurology 47:912–
918, 1996.

Wyllie E, Glazer JP, Benbadis S, et al: Psychiatric features of children
and adolescents with pseudoseizures. Arch Pediatr Adolesc Med
153:244–248, 1999.

Wyllie E, Chee M, Granström ML, et al: Temporal lobe epilepsy in early
childhood. Epilepsia 34:859–868, 1993.

Wyllie E, Friedman D, Rothner AD, et al: Psychogenic seizures in chil-
dren and adolescents: Outcome after diagnosis by ictal video and
electroencephalographic recording. Pediatrics 85:480–484, 1990.

Yamatogi Y, Ohtahara S. Age-dependent epileptic encephalopathy: a
longitudinal study. Folia Psychiatr Neurol Jpn 35:321–332, 1981.

Ziegler RG: Risk factors in childhood epilepsy. Psychother Psychosom
44:185–190, 1985.

Zifkin B, Andermann E, Andermann F: Mechanisms, genetics, and
pathogenesis of juvenile myoclonic epilepsy. Surr Opin Neurol
2005:147–153.

Zivi A, Broussaud G, Daymas S, et al: Syndrome aphasie acquise-
épilepsie avec psychose: Á propos d’une observation. Annals Pedi-
atrie (Paris) 37:391–394, 1990.

480 Section III: Neuropsychiatric Aspects of Neurologic Disorders of Children and Adolescents

75191_ch22.qxd  10/5/05  22:06  Page 480



Prematurity and cerebral palsy are related but distinct top-
ics in pediatric neuropsychiatry. While prematurity is a
risk factor for cerebral palsy, at least half of all persons
with cerebral palsy are born at term (Nelson & Grether,
1999). Therefore, a separate section is devoted to each
condition. Side by side, the two topics offer a clinically
relevant framework for reviewing the relation between ab-
normalities in early brain development and neurobehav-
ioral outcomes.

PREMATURITY

Prematurity, that is birth at less than 37 weeks of gestation,
is an essential topic in pediatric neuropsychiatry for several
reasons. First, preterm birth is a common event, affecting
about 1 in every 10 families in the United States (Mattison
Damus, Fiore, Petrini, & Alter, 2001). Second, preterm
birth provides a window into the genetics and epigenetics
of human brain development, injury, plasticity, and recov-
ery (Luciana, 2003). Third, preterm birth is the second
leading cause of neonatal death, the first leading cause of
morbidity in infancy and early childhood, and a risk factor
for morbidity at least into young adulthood (Msall &
Tremont, 2002b).

Definitions

Gestational age (GA) has traditionally been defined as the
number of gestational weeks (GW) since the first day of the
last menstrual period as recalled by the mother. Fetal size,
as assessed with early ultrasound, is also now used to esti-

mate GA. Premature refers to birth at �37 GW, and very
premature to birth at �32 weeks (Green et al. 2005). The
lower limit of viability is now considered to be 22 to 23
GW. Because GA is a major determinant of birthweight
(BW) and because the latter is more accurately and easily
measured, researchers often use BW rather than GA to de-
fine high risk samples.

GA and BW, although related characteristics of an in-
fant, are not synonymous. GA is essentially an index of or-
gan maturity, while BW is an index of overall growth. A
baby is born at low birth weight (LBW; � 2,500 g) either
because it was delivered preterm or because it grew slowly
in utero or some combination of the two. Infants with BW
in the lowest 10th percentile of birthweight for GA or BW
or two standard deviations or more below the mean for GA
are termed small for gestational age (SGA). One disadvan-
tage of using a LBW sample for studying predictors and se-
quelae of preterm birth is that nearly half of heavier LBW
infants (1,500 to 2,500 grams) are full-term but SGA. By
contrast, at least 96.8% of infants born at 1,500 g, or below,
were born preterm. Therefore studies of prematurity usu-
ally use samples that are very low birthweight (VLBW)
(�1,500 grams; 3lbs 5oz) or extremely low birthweight
(ELBW) (� 1,000 grams or 2lbs 3 oz) or even smaller. In
the literature, VLBW and ELBW are often used interchange-
ably with “preterm.”

The age of a preterm neonate is often expressed as post-
menstrual age in weeks, GA � postnatal age. When com-
paring preterms in the first year of life to normative data or
to full-term infants, clinicians and researchers commonly
use corrected age rather than chronological age. Corrected
age is defined as postnatal age minus the number of weeks
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by which delivery was premature. Beyond age one, the
value of correcting for prematurity is a matter of some de-
bate (den Ouden, Rijken, Brand, Verloove-Vanhorick, &
Ruys, 1991).

Trends in Incidence, Prevalence, Mortality,
and Morbidity

Between 1980 and 2000, the prevalence of preterm births
in this country rose 17% (from 10.0 to 11.8%), while in-
fant mortality declined 45% (from 12.6 to 6.9%), most
markedly among the extremely preterm (Mathews,
Menacker, & MacDorman, 2002). At the same time, the
rates of major disabilities such as cerebral palsy, mental re-
tardation, blindness, and deafness among children born
preterm remained steady at around 10%. As a result, the ac-
tual numbers of children with major disabilities related to
prematurity has increased (Hack & Fanaroff, 2000).

The major disabilities associated with preterm birth are
usually detected by age 2 years. The risk of major disability
increases markedly with decreasing BW/GA (see Table
23.1). Many less severe but still impairing outcomes, in-
cluding learning, attention, and behavior problems, are not
apparent until school age or beyond, and also show a
BW/GA gradient (Msall & Tremont, 2002b). These high
prevalence/low severity problems are all too common
(Allen, 2002).

Preterm Delivery

About 25% of preterm deliveries (PTD) are therapeutic,
that is due to medical intervention for maternal or fetal
problems. The the remaining 75% are due to premature
rupture of membranes (25%) or spontaneous preterm de-
livery (Moutquin, 2003).

Risk factors for Preterm Delivery
Table 23.2 lists risk factors for preterm delivery
(Berkowitz & Papiernik, 1993). The largest single risk fac-
tor is previous preterm delivery. Women with a history of
prior preterm delivery are at risk for spontaneous delivery
of another preterm baby in 15 to 80% of subsequent preg-
nancies depending on the population studied (Carr-Hill
& Hall, 1985; Cunningham, et al., 1997; Ekwo, Gosselink,
& Moawad, 1992). Mothers who were themselves preterm
are more likely to have a preterm infant, and the risk
increases as the mother’s own birth GA decreases. It is
likely that in most cases preterm delivery reflects a gene-
gene interaction or gene-environment interaction (Ward,
2003).

In the United States, for poorly understood reasons,
African American mothers have a rate of preterm birth
(17.0%) that is nearly twice that of other ethnic/racial
groups. Puerto Rican mothers have the next highest rate
(13.5%); Cuban American, Mexican American, Central and
South American mothers have rates similar to non-His-
panic whites (10.4%). Among both African American and
nonHispanic white women, the risk of preterm delivery is
inversely related to education, income, and occupation
(Mathews et al., 2002). The mechanisms by which social
disadvantage increases risk for preterm delivery are poorly
understood.

Large scale prevention programs in the 1980s and 1990s
based on detection and remediation of social and medical
risk factors in Table 23.2 did not reduce the rates of preterm
delivery. Research is now focusing on gene–environment
interactions and pathological pathways more proximate to
the the event of preterm delivery (Lockwood & Kuczynksi,
2001; Rondo, et al., 2003).
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TABLE 23.1
SEVERE DISABILITY IN LOW BIRTH WEIGHT
SHOWS A BIRTH WEIGHT GRADIENT

Adjusted Odds 95% Confidence 
BW Category Ratio Interval

450–749 97.50 (70.37, 135.11)
750–999 40.01 (31.59, 50.68)

1,000–1,499 15.84 (13.66, 18.36)
1,500–2,499 3.29 (3.04, 3.56)
2,500–2,999 1.39 (1.30, 1.48)
3,000–4,749 1.00 (Reference Category)
4,750–6,000 1.52 (1.11, 2.08)

Source: Florida 1998 Birth Cohort. (Adapted with permission from
Thompson, J. R., Carter, R. L., Edwards, A. R., Roth, J., Ariet, M., Ross,
N. L., et al. (2003). A population-based study of the effects of birth
weight on early developmental delay or disability in children. Am J
Perinatol 20: 321–332.)

TABLE 23.2
EPIDEMIOLOGICAL RISK FACTORS FOR AND
ASSOCIATIONS WITH PRETERM BIRTH

Risk Factors

h/o previous preterm birth (the earlier the birth, the higher 
the risk)

multiple gestation
maternal in utero exposure to diethylstilbestrol
Associations 

maternal social disadvantage
maternal infection (genital urinary tract, periodontitis)
African-American ethnicity
single marital status
cigarette smoking
second trimester bleeding
low pre-pregnancy BMI (esp., among white women)
maternal age �20 y and �35 y
artificial reproductive technology 
mother doing physically demanding work
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Management of Preterm Delivery
Tocolysis is presently the cornerstone of management for
threatened spontaneous PTD. Tocolytic agents either in-
hibit uterine muscle stimulators or stimulate the inhibitors.
At best, they can prolong pregnancy for up to 72 hours.
While this may improve survival at the lower extremes of
GA, the safety and effectiveness of tocolytics remain con-
troversial (Gyetvai, Hannah, Hodnett, & Ohlsson, 1999).

Complications of Premature Birth

Environmental Stress in the Neonatal Intensive
Care Unit
The intensive care required to salvage more immature
neonates is associated with stress. Examples include equip-
ment that limit positive interactions with caregivers, high
noise levels, constant bright light, and pain (Perlman, 2001).
The hospital course often is prolonged; the average hospital
stay for VLBW infants less than 28 weeks GA is approxi-
mately 100 days (Stevenson, et al., 1998). Evidence from an-
imal studies suggests that even in the absence of medical
complications or focal brain injury, sustained environmen-
tal stress may have adverse effects on brain development and
behavior (Anand & Scalzo, 2000; Grunau, 2002).

Medical Complications
Largely as a result of organ immaturity, the preterm neonate
is at high risk for developing medical complications that
may adversely affect neurobehavioral outcomes either di-
rectly or indirectly through brain injury. These include low
Apgar score, pulmonary complications, prolonged brady-
cardia and hypotension, hypothyroxinemia of prematurity,

hyperbilirubinemia, retinopathy of prematurity, necrotiz-
ing enterocolitis, and malnutrition (Perlman, 2001).

Neonatal Seizures
About 4% of preterm neonates have seizures, a higher rate
than in older preterm or full-term neonates (Sheth, 1998).
Compared to seizures in term neonates, seizures in preterm
neonates are more likely to be accompanied by autonomic
signs (changes in blood pressure, pulse, and respiration).
While between 20 to 40% of term neonates who suffer
seizures develop disability, almost 90% of preterm
neonates with clearly defined seizures do so (Scher et al.,
1993). Animal studies suggest that recurrent neonatal
seizures are associated with longterm changes in cerebral
excitability and mossy fiber sprouting in the hippocampus
in the absence of evident cell loss (de Rogalski, Minokoshi,
Silveira, Cha, & Holmes, 2001).

Prematurity and Brain Development

Growing evidence suggests that prenatal brain injury may
precede and even be a contributory trigger for preterm de-
livery. The evidence for this is strongest for inflammatory
insults due to intrauterine infections. Intrauterine infection
has been implicated in the white matter damage associated
with cerebral palsy (Leviton, et al., 1999).

At this time far more is known about the risks that
preterm birth carries for postnatal brain development. As
shown in Figure 23.1, the brain of a preterm infant born at
25 GW has only just begun the major events of brain orga-
nization and myelination, which start at around 20 and 24
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Synapse Formation

Dendritric Growth
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Figure 23.1 Plasticity in relation to stages of neurodevelopment. In the human, brain develop-
ment proceeds in a sequence, as described in the text. This sequence begins with neurogenesis and
ends with synaptic pruning. Following early brain damage, plasticity varies according to when the in-
jury took place in the sequence. Animal studies suggest that plasticity will be low during the period
of cell migration, corresponding to the second and third trimesters of pregnancy (second panel) and
during adulthood (last panel) when synaptic networks have stabilized. Plasticity will be highest prior
to synaptic stabilization during early and middle childhood (third panel). From Luciana, M (2003) Cog-
nitive development in children born preterm: Implications for theories of brain plasticity following
early injury. Development and Psychopathology, 15:1017-1047; (Reprinted with the permission of
Cambridge University Press)
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weeks, respectively, and continue postnatally for several
years after birth and into adulthood. At 25 weeks, the hu-
man brain has only a thin layer of cortex, with barely visible
gyri and immature Sylvian fissures; myelination is incom-
plete. Thrust into a physical environment for which it is not
yet prepared, the preterm infant born at 25 weeks must ac-
complish ex utero the entire third trimester of brain devel-
opment; a daunting challenge for an immature organism.

The preterm brain has certain site-specific vulnerabilities
due to the timing of birth in relation to the stages of brain
development (Perlman, 2003; Volpe, 2001). These vulner-
abilities affect at least seven anatomic structures or regions.
The first two, the germinal matrix and the cortical subplate,
are transient brain structures that set the stage for both
brain organization and myelination; the third, the subcor-
tical white matter, is important both for connectivity and
for cortical organization; the remaining four, the basal gan-
glia, the hippocampus, the cerebellum, and the cerebral
cortex, are important gray matter structures.

Patterns of Neuropathological, Qualitative
Brain Imaging, and Clinical Findings

Progress in understanding the relation between brain in-
jury and later disabilities and impairments in preterm in-
fants requires iterative cross-walks between two types of
studies: those that examine the relation between brain
imaging abnormalities and postmortem findings and those
that examine the relation between brain imaging abnor-
malities and outcomes in survivors. Although quantitative
brain imaging methods (discussed later) are emerging as
important research tools, qualitative brain imaging meth-
ods such as ultrasonography (US) and magnetic resonance
imaging (MRI) remain the clinical standards and have been
the most extensively studied in relation to postmortem
findings and clinical outcomes.

Based on postmortem exam, brain lesions in the
preterm infant can be classified into four general categories:
(1) hemorrhages in nonparenchymal areas of the brain, (2)
white matter damage, (3) ventricular enlargement, and (4)
lesions in other brain locations—cerebellum, basal ganglia,
hippocampus, brain stem, and cortex.

Hemorrhages in Nonparenchymal Areas 
of the Brain
This category groups together the two most usual sites of
origin of hemorrhage in the preterm brain, the germinal
matrix and (less often) the choroid plexus with two com-
mon loci for their extension, the intraventricular and sub-
arachnoid spaces. Cranial US through the anterior
fontanelle typically visualizes germinal matrix hemorrhage
(GMH) and intraventricular hemorrhage (IVH), while the
other two are commonly encountered at autopsy.

Postmortem study of infants who were scanned before
death confirmed that US echodensities in the periventric-
ular region and in the ventricles were related to GMH/IVH

(Figure 23.2). In the early 1980s, GMH/IVH was present
in up to 40% of VLBW infants, but its prevalence has
fallen to around 25%. The balance of evidence suggests
that premature infants with US evidence of GMH/IVH and
no other brain lesions, experience relatively small eleva-
tions in risk of neurodevelopmental disorder in some
studies (Pinto-Martin, et al., 1995; Whitaker, et al., 1996)
and no elevation in risk at all in other studies (Kitchen, et
al., 1985; Papile, Musick-Bruno, & Schafer A, 1983). This
absence of adverse impact may reflect recovery due to re-
version of astrocytes to radial glia and reactivation of ra-
dial glia in the germinal layers (Ganat, Soni, Chacon,
Schwartz, & Vaccarino, 2002; Vaccarino & Ment, 2004).

White Matter Damage
White matter damage (WMD) encompasses a variety of
neuropathologic entities, hemorrhagic and nonhemor-
rhagic, held together by one common feature: they tend to
target developing white matter. One important neu-
ropathologic form of white matter damage is periventric-
ular leukomalacia (PVL). PVL is focal coagulation necrosis
in the periventricular regions. More recent neuropatho-
logic studies also refer to a more diffuse form of white
matter damage whose characteristic histopathology is
marked astrocytosis and activated microglial cells
(Okoshi, et al., 2001). The mechanisms implicated in dif-
fuse white matter damage (e.g., excitotoxicity, oxidative
stress, inflammation) are similar to those for focal white
matter damage.

Focal White Matter Damage
On neonatal US, PVL appears as echodensities and echolu-
cencies in the periventricular region of the brain
parenchyma, (Figure 23.2) frequently accompanied by
ventricular enlargement. Recent advances in neonatal in-
tensive care may have resulted in a decrease in the preva-
lence of focal abnormalities on US and MRI (Heuchan,
Evans, Henderson Smart, & Simpson, 2002; Volpe, 2003).

In a regional LBW cohort born 1984 to 1987 and
screened with serial cranial US, focal white matter damage
occurred in around 8% of the survivors. Focal white matter
damage was associated with markedly increased risk of dis-
abling cerebral palsy by age 2 (Pinto-Martin, Riolo, Cnann,
Holzman, & Paneth, 1993) and mental retardation by age
6 (Whitaker, et al., 1996). In LBW infants without disabling
cerebral palsy or mental retardation, focal white matter
damage was associated at age 6 with visual perceptual im-
pairments and with attention deficit hyperactivity disorder
(Whitaker, et al., 1996; Whitaker, et al., 1997), and, at ages
6 and 9, with minor motor problems but not general intel-
ligence (Pinto-Martin, Whitaker, Feldman, Van Rossem, &
Paneth, 1999).

Stewart et al. (1983) observed similar findings in a
hospital-based cohort screened with serial cranial US and
prospectively examined at 1, 4, 8, and 14 to 15 years in Lon-
don. MRI findings at the adolescent follow-up indicate that,
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while neonatal US accurately identified serious permanent
brain lesions, it missed a large proportion of abnormalities.
When compared to full-term controls, preterms without
major disabilities were far more likely to have abnormalities
on MRI; indeed 55% of the preterms had unequivocally ab-
normal scans and 15 had equivocal scans as read by neuro-
radiologists blind to US findings or control status (Stewart
et al., 1999). Thinning or atrophy of the corpus callosum,
one of the commonest abnormalities, was seen in 42% of
the preterms but in only 14% of age and sex matched con-
trols who had been born at term (Stewart et al., 1999). Of
great interest, qualitative MRI abnormalities at adolescence
were related to behavioral problems and premorbid adjust-
ment, but not to neurological outcomes or to neuropsycho-
logical test performance (with the single exception of word
production) (Rushe, et al., 2001). Another hospital-based
study, found a comparable rate of qualitative abnormalities
on MRI (42.5%) in a sample of preterm adolescents, but no
relation of these abnormalities to ADHD, low IQ, or dys-
praxia (Cooke & Abernethy, 1999).

Many preterm infants imaged with MRI at term age have
diffuse excessive high signal intensity (DEHSI) in the white
matter (Counsell, Rutherford, Cowan, & Edwards, 2003).
Counsell, Allsop, et al. (2003) have argued that DEHSI in
preterm infants represents diffuse white matter abnormal-
ity. Reviewing a series of studies of diffuse white matter
damage in preterm infants, Volpe (2003) has argued that
diffuse white matter damage, similar to focal white matter
damage, represents injury to preoligodendrocytes by infec-
tion or ischemia or an interaction between the two (Coun-
sell, Rutherford, et al., 2003). Death of these cells accounts
for the subsequent failure of white matter development as
identified by diffusion weighted MRI imaging and of myeli-
nation, as identified on conventional MRI.

The diffuse white matter damage may explain some of
the milder impairments seen by school age in preterm sur-
vivors. A recent study found that school-age children who
were born preterm and escaped major disability had diffuse
abnormality of cerebral white matter on MRI that was
closely correlated with minor motor impairment but not
with full scale IQ (Abernethy, et al. 2003).

Ventricular Enlargement (VE)
VE is the third general category of brain abnormality found
on postmortem in preterm infants. Traditionally VE and
hydrocephalus have been interpreted as sequelae of IVH.
But there is increasing evidence that VE often, perhaps even
always, reflects some degree of diffuse white matter damage
that leads to a paucity of myelin producing oligodendro-
cytes and finally late VE (hydrocephalus ex vacuo). Evidence
that VE is usefully viewed as a form of white matter damage
is provided by Leviton and Gilles (1997).

Ment et al. (1999) demonstrated a strong association of
US evidence of VE with adverse neurodevelopmental out-
come at age 4.5 years. In their study, 56% of infants with VE
demonstrated IQ scores below 70 as compared with 13%
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Figure 23.2 Germinal matrix and intraventricular hemorrhages
and parenchymal hemorrhagic infarction: pathologic section (a) and
in vivo sonogram (b). There are bilateral germinal matrix hemor-
rhages (GMH) extrinsically compressing and narrowing the frontal
horns of the lateral ventricles, which contain ventricular hemor-
rhage (a—large arrows). The sonogram suggests bilateral intraven-
tricular hemorrhages within the frontal horns (b—vertical arrows),
but the adjacent germinal matrix hemorrhages cannot be delin-
eated because the spared normal germinal matrix (a—arrowheads),
which separates them from the intraventricular hemorrhage, can-
not be visualized separately on sonography. The left frontal
parenchymal hemorrhagic infarction (a—curved arrow) appears as
a focus of increased echogenicity on sonography (b—curve arrow)
contiguous to the echogenic lateral ventricle. Intraventricular hem-
orrhage is visible within the third ventricle (V3), and subarachnoid
hemorrhage can be seen within the interpeduncular (ip) and ambi-
ent (A) cisterns on the pathologic section but not on sonography.
(From Nigel Paneth et al. (2004). Brain Damage in the Preterm In-
fant. Clinics in Developmental Medicine (No. 131). Figure 7.7 p.
131. Reprinted with permission from Lippincott Williams & Wilkins.)
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of those without VE. Stewart and Kirkbride (1996) found
that 14-year-old adolescents born preterm had both a high
incidence of VE  and poor school performance.

Lesions in Other Brain Locations
The fourth neuropathological category includes the forms
of brain abnormalities about which we know the least.
Peneth et al. (1994) found that 28% of 74 neonatal deaths
in a regional cohort of infants weighing less than 2 kg had
cerebellar hemorrhages at autopsy, 17% had basal ganglia
necrosis and 16% had lesions of the brain stem.

Linear echogenicity within the basal ganglia and thala-
mus of preterm infants occurs in approximately 5% of
preterm infants. (Chamnanvanakij, Rogers, Luppino,
Broyles, Hickman, & Perlman, 2000). At 18 months ad-
justed age, preterm infants with Linear echogenicity as
compared to a control group matched for BW and GA, had
significantly lower scores on the mental and motor scores
of the Bayley scales and on a rating of motor quality.

In one consecutive series, cerebellar hemorrhage oc-
curred in 28% on LBW infants ( Paneth et al., 2004, p.
183). Follow-up to age 4 has found that cerebellar hemor-
rhage was associated with cognitive rather than motor
deficits (Merrill, Piecuch, Fell, Barkovich, & Goldstein,
1998). A retrospective study of MRI abnormalities in a
preterm birth cohort, found cerebellar infarction and atro-
phy as evidenced on MRI in about 8% and 5% of the in-
fants, respectively (Mercuri, et al., 1997), almost always ac-
companied by MRI abnormalities elsewhere in the brain,
the most common being IVH.

Because lesions of the brain stem are not generally im-
aged in life, their contribution to development cannot as
yet be assessed.

The cortex, which is only millimeters wide in infants
born at the junction of the second and third trimester, has
rarely been described as a site of gross structural lesions on
postmortem in premature infants. However, histopatho-
logical postmortem work in human infants suggests that
focal white matter damage may lead to reorganization of
both local and distant neocortical gray matter (Marin-
Padilla, 1997). This may explain the relation between US
evidence of focal white matter damage and both general
and specific cognitive deficits.

Magnetic Resonance Imaging: Diffusion
Tensor Imaging, Volumetric, and 
Functional Studies

Neonatal Studies
Using diffusion tensor imaging, Huppi et al. (1998a) and
Huppi, et al. (2001) found rapid changes in the microstruc-
tural organization of white matter between 28GW and term
as well as both local and distal effects of focal white matter
damage on the development of white matter fiber tracts.

Using quantitative volumetric MRI, Huppi et al. (1998)
found that the preterm brain undergoes the developmen-

tal changes between 28GW and term that would normally
occur during the third trimester. These changes include an
increase in the volume, surface area, and sulcation of the
cerebral cortex and an increase in the volume of the cere-
bral white matter. They also found, however, that both
the volume of the myelinated white matter and the vol-
ume of cerebral cortical gray matter were reduced at term
in preterm infants who previously had sustained focal
WMD (termed PVL by the investigators); these findings
are consistent with neuropathological studies (Marin-
Padilla, 1997)

One study suggests that, even in the absence of focal
white matter damage, cortical surface area and complexity
is impeded in preterm infants (Ajayi-Obe, Saeed, Cowan,
Rutherford, & Edwards, 2000). In a sample of 14 extremely
preterm infants in which none of the infants had focal
WMD and but seven had isolated GMH/IVH, they found
that the cerebral cortex of the preterm infants at 38 to
42 weeks postmenstrual age, had less surface area and was
less complex in terms of folding than that of term infants.
At age 2, 40% of the preterms had global developmental
delay, but none had major neuromotor deficits

School Age
In a study that compared 25 preterm 8-year-olds to 39
term controls using volumetric analyses, one investigator
(Peterson, et al., 2002) found that several cortical regions,
most prominently the sensorimotor regions and also pre-
motor, midtemporal, parietooccipital, and subgenual cor-
tices, were significantly smaller in the preterm group com-
pared with term controls. Other structures also found to
have smaller volumes in preterms were the cerebellum,
basal ganglia, amygdalae, hippocampus, and corpus callo-
sum. Structures having larger volumes in preterms were the
occipital and temporal horns of the ventricles. The findings
in the preterm group were associated with lower GA at
birth. Sensorimotor and midtemporal cortical volumes
correlated significantly with full scale, verbal and perfor-
mance IQ. The authors suggest that the volume reduction is
due to more subtle problems in blood or oxygen delivery
than acute hemorrhage or severe asphyxia.

The same investigators (Peterson, et al., 2002), using
functional MRI, found that the brain activation patterns of
8–year-old preterms during semantic processing resembled
those of term controls during phonemic processing. These
findings were interpreted as indicating that preterm chil-
dren may process meaningful language as though it were
meaningless sounds. However, the possibility that the un-
usual activation patterns in the preterms might reflect a
more general cognitive dysfunction or lag was not ruled
out, given that the preterms also had somewhat lower IQs
than the term children.

Adolescents
A quantitative MRI study of very preterm adolescents found
a 6.0% decrease in whole brain volume, an 11.8% decrease
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in cortical gray matter volume, and decreases in right
(15.6%) and left (12.1%) hippocampal volumes compared
to full-term controls (Nosarti, et al., 2002). This study did
not examine the relation between brain volumes and cogni-
tion. Another study of the same sample found that preterm
subjects had significantly reduced cerebellar volume com-
pared to term-born controls (Allin, et al., 2001). While there
was no relation between cerebellar volume and motor neu-
rological signs, cerebellar volume was significantly related to
several cognitive test scores, including full scale IQ.

Adults
A study using computational morphometry found that lat-
eral ventricular volume was significantly greater (by 41%)
in VLBW adults compared to sibling controls (Allin, et al.,
2004). The ratio of gray to white matter was significantly
greater (by 10%) in those with VLBW, suggesting an ab-
normality in the organization of the cerebral cortex. Within
the VLBW group there was a strong relation of greater lat-
eral ventricular volume with less gray matter in subcortical
nuclei and limbic cortical structures and less periventricu-
lar white matter. They conclude that the brains of VLBW
adults have an abnormal distribution of gray matter and
abnormal interregional and intraregional connectivity, and
that these abnormalities result from the way normal brain
development interacts with early brain lesions (Marin-
Padilla, 1997; 1999). The relation between volumetric MRI
abnormalities in adulthood and cognitive or motor test
performance has not yet been reported.

Noting that thinning or atrophy of the corpus callo-
sum, particularly the posterior portion, is one of the most
common brain abnormalities found in very preterm sur-
vivors. Santhouse et al. (2002) examined the functional
significance of perinatal corpus callosum damage in
preterm adults. They compared seven very preterm males
with callosal damage as previously identified by qualita-
tive MRI scan at adolescence to nine very preterm males
without evidence of callosal damage and to seven full-
term controls with respect to activation patterns on audi-
tory and visual tasks requiring callosal transfer. The very
preterm males with callosal damage had significantly dif-
ferent activation patterns compared with the two compar-
ison groups. On the visual task, the group with callosal
damage manifested additional activity in the right dorso-
lateral prefrontal cortex, which the investigators interpret
as consistent with the recruitment of working memory to
compensate for impaired callosal function. On the audi-
tory task, the group with callosal damage manifested a
deficit of activity in the right temporal lobe, which the in-
vestigators interpret as consistent with left hemisphere or
bilateral representation of timbre discrimination rather
than the right hemisphere specialization found in nor-
mals. Overall, the investigators suggest that their findings
point to neural compensation that is specific to the sen-
sory modality involved and suggest the plasticity of the
brain in the face of early brain damage.

Plasticity of the Preterm Brain
One of the more striking impressions that one carries away
from the literature on brain imaging and outcomes in
preterm survivors is the subtlety of the cognitive and motor
impairments relative to the dramatic regional reductions in
white and grey matter as measured on MRI. This suggests a
remarkable plasticity of the preterm brain. Principles of
plasticity following early brain injury in term infants have
been reviewed recently by Stiles et al. (2005). For a com-
prehensive review of evidence for brain plasticity in
preterm survivors, the reader is referred to Luciana (2003).

Neurobehavioral Sequelae of Preterm Birth

Survivors from the start of the modern era of neonatal care
are now entering young adulthood. Outcome studies dis-
cussed next are mainly limited to these and later cohorts;
that is, from the 1980s and beyond. Where evidence is
available, outcomes are related to early biological and so-
cial risk factors. Excellent reviews of the methodological is-
sues in preterm outcome research are available (Aylward,
2002; Kiely & Paneth, 1981; Saigal, 2000).

Need for Special Educational Services 
and Placements
School-related difficulties are among the most common
problems confronting children born prematurely and at
VLBW. More than half of VLBW and 60 to 70% of ELBW
children require special educational assistance at some
point in their school career (Aylward, 2002); by adoles-
cence, ELBW children will have exceeded their peers in use
of remedial or special educational services by eightfold to
10-fold. Similar figures for disabilities and special educa-
tional needs, and their inverse relation to birthweight, have
been reported from numerous regional and population-
based studies (Bowen, Gibson, & Hand, 2002; Buck, Msall,
Schisterman, Lyon, & Rogers, 2000; Corman & Chaikind,
1998; Horwood, Mogridge, & Darlow, 1998; Klebanov,
Brooks-Gunn, & McCormick, 1994; Pinto-Martin, et al.,
2004; Saigal, et al., 2003).

Performance on Achievement Tests
By the middle school years ELBW children are about three
to five times more likely than their age mates to have a
problem with reading, writing, or spelling. Even among
those scoring in the normal range of intelligence, children
born prematurely are likely to have lower scores on tests of
academic achievement (Taylor, Hack, Klein, & Schatschnei-
der, 1995). In regional samples of ELBW children followed
to school age in four different countries, below-normal
scores on standardized tests ranged from 19 to 54% for
reading, from 24 to 69% for arithmetic, and from 35 to
61% for spelling (Saigal, et al., 2003). Achievement deficits
present in the early or middle-school years have been
found to persist through high school (Breslau, Paneth, &
Lucia, 2004; Saigal, et al., 2003).
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Achievement is often especially low in arithmetic (Bres-
lau, Johnson, & Lucia, 2001; Elgen & Sommerfelt, 2002;
Rickards, Kelly, Doyle, & Callanan, 2001). In a preliminary
attempt to locate the neurological substrate of this specific
mathematical deficit, one study used MRI morphometry to
compare two groups of preterm adolescents, matched on
gender, age, and relevant perinatal variables; one with
mathematical ability scores below expectation, based on in-
telligence testing, and another with math scores at expected
levels. There was less grey matter in a specific area of the left
parietal lobe in the preterms with below-expectation math
scores (Isaacs, Edmonds, Lucas, & Gadian, 2001).

General Cognitive Abilities
In a regional birth cohort of LBW infants (Whitaker, et al.,
1997), the prevalence of mental retardation (MR) was 5%;
twice the amount expected based on population norms. In
that cohort, focal white matter damage was the most pow-
erful predictor of severe to moderate MR, followed by ger-
minal matrix/intraventricular hemorrhage and by mechan-
ical ventilation. Social disadvantage was not a predictor of
severe to moderate MR.

When children with major disabilities are excluded from
consideration, preterm children as a group, generally have
mean scores falling in the average (or low average) range
on a variety of tests of general cognitive ability; however,
they also show a fairly consistent deficit (varying from 5 to
15 points) relative to their term-born peers (Aylward,
2002). A recent meta-analysis of 15 follow-up studies
found the weighted mean difference between groups to be
about 10 points (2/3 of a SD) (Bhutta, Cleves, Casey,
Cradock, & Anand, 2002). A 10-point downward shift of
the mean for the distribution of IQ implies an increment of
about 21% in the proportion of preterms scoring below
normal (i.e., having an IQ � 85).

Language
Between infancy and preschool, preterm children are more
likely than full-term peers to have phonological and articu-
lation problems (Briscoe, Gathercole, & Marlow, 1998).
However, findings from older preterm children generally
have been mixed. For example, at early school age, two
population-based studies found normal language develop-
ment in preterm samples (Scottish Low Birthweight Study
Group, 1992; Whitaker, et al., 1996). Other studies have
found delays in language ability and sentence repetition in
early and middle childhood (Allin, et al., 2001; Breslau,
Chilcoat, DelDotto, Andreski, & Brown, 1996; Largo, Moli-
nari, Pinto, Weber, & Duc, 1986; Le Normand & Cohen,
1999; Wolke & Meyer, 1999).

Some studies report comparatively poor performance
for preterm children in only selected aspects of language.
According to a recent review (Aylward, 2002), preterms
more consistently show deficits relative to term controls on
tests of expressive language and on tests of complex gram-
mar and syntax, than they do on tests of receptive language.

Motor Problems
In the neonatal period, a choreiform movement disorder
has been discribed in a subgroup of premature infants with
chronic lung disease. Although the abnormal movements
improve with time, survivors exhibit cognitive problems
(Perlman & Volpe, 1989).

By age 2, most cases of disabling cerebral palsy (DCP)
are evident. DCP is the most serious of the motor impair-
ments for which those born extremely preterm are at excess
risk, occurring in about 10% of this population. Disabling
CP is strongly related to focal white matter damage on
neonatal cranial US. Nondisabling CP, principally mild
spastic diplegia, is only modestly related to focal white
matter damage (Pinto-Martin et al., 1996).

By middle and late childhood, milder motor impair-
ments, such as those which contribute to the hidden dis-
ability associated with prematurity are evident (Bracewell &
Marlow, 2002). Many of these less severe types of disability
are often grouped together as Developmental Coordina-
tion Disorder (DCD). There is not yet a consensus on how
to operationalize DCD; because of differing criteria and
tests used in different studies, prevalence figures are uncer-
tain. A recent report from a geographically-defined cohort
in the U.K. (Foulder-Hughes & Cooke, 2003) found motor
impairment to be diagnosed in up to 42.7% of 7 to 8 year
olds born at � 32 GW.

In another regional cohort study of LBW children
(Pinto-Martin, et al., 1999), assessments at 6 and 9 years of
age with a motor problems inventory showed that the
mean problem scores of nondisabled children in all birth-
weight groups were at or above the cutpoint identifying the
top 10% of the standardization sample at both ages, and
showed a significant birthweight gradient, with the highest
problem scores in the lowest birthweight groups. In this
same study, motor problems at both ages were significantly
associated with neonatal US findings of focal white matter
damage independently of other prenatal, perinatal, and
neonatal risk factors (see also Levene, et al., 1992; Marlow,
Roberts, & Cooke, 1989; Sullivan & McGrath, 2003).

Opthalmological Problems and Visual Impairment
Strabismus and refractive disorders (especially myopia) af-
fect, respectively, nearly 15% and 20% of preterm children.
Those with retinopathy of prematurity are at highest risk.
More severe impairments include amblyopia, retinal de-
tachment, optic nerve injury, and cortical injury. Together
with strabismus and myopia, these impairments affect up
to one third of nondisabled VLBW adolescents (Powls, Bot-
ting, Cooke, Stephenson, & Marlow, 1997). An additional
30% have impaired visual function on tests of contrast sen-
sitivity and stereopsis. Overall, 64% of VLBW children had
abnormalities on at least one measure as compared to 36%
of NBW children. Poor contrast sensitivity and strabismus
were related to poor motor skills, while poor contrast sen-
sitivity and poor visual acuity were related to lower IQ. Re-
duced contrast sensitivity was the most sensitive predictor
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of impaired motor and cognitive function. White matter
damage on US and MRI was related to strabismus, but not
to reduced contrast sensitivity,

Visual–Perceptual and Visual–Motor Impairment
Preterms perform poorly on a broad range of visual–
perceptual and visual–motor tests (Hård, Niklasson,
Svensson, & Hellström, 2000; Luoama, Herrgard, & Mar-
tikainen, 1992). Poor performance on both a test of vi-
sual–motor skill and a motor-free test of visual–percep-
tual skills was associated with neonatal US evidence of
focal white matter damage in nondisabled LBW 6-year-
olds (Whitaker, et al., 1996).

Hearing
The prevalence of sensorineural hearing loss (SNHL) in
very premature infants ranges from 0 to 9% and increases
with decreasing GA (Msall and Tremont, 2002). SNHL is
associated with severe respiratory illness and prolonged
hospitalization; it has been suggested that this association
might be a consequence of auditory nerve damage caused
by noise levels in the NICU. Neonatal hyponatremia is also
associated with SNHL.

Attention
In infancy, preterms have consistently been found to have
less mature attention, as reflected in their longer looks and
fewer shifts of gaze compared to controls matched on so-
cio-economic status and age post-conception (Rose, Feld-
man, & Jankowski, 2004); these less mature patterns were
found to be associated with aspects of medical risk in the
preterm group, including days on oxygen and with me-
chanical ventilation. Preterm infants with respiratory dis-
tress syndrome, compared to preterms without RDS and to
full-term infants, have also been found to have smaller
heart rate responses, indicative of less intense attention,
during periods of orienting to and sustained looking at a
stimulus (Richards, 1994).

Findings for laboratory measures of attention in child-
hood, findings have been somewhat inconsistent. One
study (Herrgard, Luoma, Tuppurainen, Karjalainen, & Mar-
tikainen, 1993) found no difference between preterms (�

32 weeks) and full-term controls on several attention tests.
Another (Breslau, Brown, et al., 1996) found no difference
between LBW and normal birthweight (NBW) groups on
tests of sustained attention. Other studies have found per-
formance on attention measures to be related to neonatal
medical morbidity in preterms and to be poorer in LBW or
VLBW children compared to NBW controls (Taylor, et al.,
1995), though some of these findings, with the exception
of accuracy on a vigilance test, disappeared when IQ was
controlled (Taylor, Klein, Schatschneider, & Hack, 1998).
In another study (Breslau, Chilcoat, et al., 1996) the poorer
performance of preterms compared to controls withstood
control for IQ on a test of focused attention, but not
vigilance.

Processing Speed
Speed of information processing has been considered to be
a fundamental component of individual differences in cog-
nition generally. It is sometimes thought to be the basis for
g, the factor representing the shared variance (correlation)
among all cognitive tests and is important to the correla-
tion between intelligence and achievement. As assessed
with an encoding speed task, perceptual speed tasks, reac-
tion time tasks, and decision time tasks, preterms have
been found to be slower than full-terms at school-age (Rose
& Feldman, 1996). Interestingly, when assessed with a
choice reaction time task at age 11, preterm children were
actually faster than full-terms when there was but one re-
sponse choice, but became increasingly slower as the
choices multiplied.

Memory
Memory is not a unitary construct; some types of memory
have been found to be more affected in those born prema-
turely than others. Forms of memory that are particularly
affected by prematurity are those dependent on structures
in the medial temporal lobe (the hippocampus, dentate
gyrus, subicular complex, and the adjacent perirhinal, en-
torhinal, and parahippocampal cortices). Collectively,
these forms of memory are known as declarative (or ex-
plicit) memory and are characterized by recollection of
facts (semantic memory) and events (episodic memory)
and, in principle, are capable of entering consciousness. By
contrast, forms of memory that do not depend on the me-
dial temporal lobe, collectively known as nondeclarative
(or implicit) memory, are nonconscious, and have not
been found to be affected by premature birth. Nondeclara-
tive memory is a catch-all category that includes procedural
memory (skills and habits), classical conditioning, and
nonassociative learning, among other things.

One of the most widely studied types of declarative
memory is recognition, the capacity to distinguish things
previously encountered from new ones. This type of mem-
ory has been shown to be particularly affected by prematu-
rity even in its earliest-appearing form, in infancy (Nelson,
1995; Rose, et al., 2004). Several other forms of declarative
memory have also been found deficient in preterm relative
to full-term groups, including list learning, recall, memory
span, working memory, and so on (Curtis, Lindeke,
Georgieff, & Nelson, 2002; Luciana, Lindeke, Georgieff,
Mills, Nelson, 1999; Taylor, Klein, Minich, & Hack, 2000).
Everyday memory (a form of episodic memory), has been
found to be impaired, compared to full-term controls, in
preterm adolescents who were also found to have reduced
bilateral hippocampal volumes on MRI, despite equivalent
head size and an otherwise neurologically normal presen-
tation (Isaacs, et al., 2000).

Executive Function
Executive function (or executive control) tasks require in-
hibition, planning, and/or application of strategies; good
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performance is thought to depend on mature functioning
of frontal lobe structures. The few studies thus far which
have examined executive function in preterm children
found their performance poor compared to controls (Frisk
& Whyte, 1994; Luciana, et al., 1999). A more precipitous
decline in the performance of VLBW children compared
to controls has been found with increasingly difficult
memory tasks (Rose & Feldman, 1996). This exaggerated
decline in response to cognitive challenge may be one of
the factors behind the delayed emergence of some aca-
demic problems in children with VLBW.

Behavior and Psychopathology

Regulatory Problems in the NICU
Neurobehaviorally, there are several respects in which
preterm/very low birthweight newborns, as a group, have
been found to perform more poorly than full-term/nor-
mal birthweight peers, even when both groups are exam-
ined at equivalent postmenstrual ages. For example, when
assessed at 40 weeks postmenstrual age with MRI and a
modification of the Neonatal Behaviorial Assessment
Scale (NBAS) (Als, Duffy, McAnulty, 1988), healthy
preterm infants were found to have not only less grey and
white matter differentiation and myelination, but also sig-
nificantly poorer functioning, in four neurobehavioral ar-
eas: autonomic regulation, motor responsiveness, state or-
ganization, and attention compared to full-term controls.
Yet, these same preterms had actually improved in both
respects over earlier assessments done at birth. However,
the NBAS and similar tests have little or no test–retest re-
liability and no predictive validity for later development.
Thus it is unclear what they imply, if anything, about any
long-term impact of prematurity.

Behavior Problems
Parents and teachers have often reported elevated levels of
behavior problems in preterm children (for reviews see
Buka, Lipsitt, & Tsuang, 1992; Chapieski & Evankovich,
1997. Though they can be detected earlier (Rose, Feldman,
Rose, Wallace, & McCarton, 1992), behavior problems in
preterms become more noticeable and impairing during
the school years, when high levels of such problems inter-
fere with normal activities and learning.

One of the most widely used behavior problem scales,
the Child Behavior Checklist (Achenbach, 1991), assesses
eight problem dimensions which are grouped into
broader areas of behavioral difficulty. When preterm chil-
dren are found to have more problems overall than con-
trols, they most often show elevated scores on the Social
and Attention Problem scales. The degree to which these
problems may be characteristic of preterms was under-
scored in a recent paper which compared behavior prob-
lems obtained by parent report among school-aged chil-
dren born at � 1,000g from four different countries: the

U.S., Canada, the Netherlands, and Germany (Hille, et al.,
2001). Despite somewhat different approaches to early so-
cialization and education of children in these four coun-
tries and the administration of the same instrument in dif-
ferent languages, the behavioral profiles of the ELBW
cohorts were strikingly similar, suggesting that social and
attention problems, in particular, are common sequelae of
prematurity across cultures. Another study, however, sug-
gested that the elevation in preterms on the attention
problems scale of the CBCL may be found mostly among
children in the lower end of the socioeconomic spectrum
(Breslau & Chilcoat, 2000).

Psychopathology
A number of studies have used structured psychiatric di-
agnostic interviews to assess a range of psychiatric disor-
ders in preterm/LBW survivors. A consistent finding has
been an excess of Attention Deficit Hyperactivity Disorder
(ADHD) in preterm/LBW survivors relative to term/nor-
mal birthweight controls (Botting, Powls, Cooke, & Mar-
low, 1997; Breslau, 1995; Szatmari, Saigal, Rosenbaum, &
Campbell, 1993; Szatmari, Saigal, Rosenbaum, Campbell,
& King, 1990). Breslau, et al. (1996a) found that urban,
but not suburban LBW survivors had an excess of ADHD
relative to normal birthweight controls at age 6. In a large
regional LBW birth cohort, independent predictors of
ADHD at age 6 included neonatal cranial US consistent
with white matter damage as well as male sex, a proximal
measure of social disadvantage and both maternal smok-
ing and mild alcohol consumption during pregnancy
(Whitaker, et al., 1997).

The relation of prematurity and LBW to substance use is
inconsistent. One community-based study (Chilcoat &
Breslau, 2002) found a significantly higher incidence of
drug use among 11-year-old boys (but not girls) with LBW
compared to NBW controls (OR � 2.0), while a regional
cohort followed to adulthood (Cooke, 2004) found less
self-reported alcohol and drug use in preterms compared to
controls, but equivalent rates of smoking. Another study
(Hack, et al., 2002) found that adults born at VLBW were
less likely than normal birthweight controls to report alco-
hol and drug use. It is not clear, however, whether the ap-
parently encouraging findings regarding alcohol and drug
use might reflect ongoing dependence of VLBW survivors
on their families due to residual cognitive and social prob-
lems (Harrison, 2002).

A metanalysis has suggested that LBW is a modest but
definite risk factor for schizophrenia (Kunugi, 2001).
However, other studies have found that prematurity, but
not LBW, is associated with risk for schizophrenia. One
study found that, in patients with schizophrenia, prema-
turity (but not poor fetal growth), was associated with
premorbid social withdrawal and an early age at illness
onset, whereas poor fetal growth (but not prematurity)
was associated with low educational achievement (Smith,
et al., 2001).
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Quality of Life in Adolescence and Adulthood

Despite their objectively greater functional impairment,
preterm groups do not necessarily report more negative per-
ceptions of quality of life (QOL) than full-term controls. For
example, in a Canadian cohort of ELBW adolescents and
NBW controls, although the mean score on a health-related
quality of life scale was higher in controls, the vast majority
of the ELBW group viewed their QOL as satisfactory (Saigal,
et al., 1996), and the ELBW teenagers did not differ from
their controls in self-esteem (Saigal, Lambert, Russ, & Hoult,
2002). Similarly, preterms and full-terms followed to adult-
hood in the U.K. reported no difference in six of eight QOL
domains (physical functioning and general health being the
two exceptions). One study of preterms even reported the
counter-intuitive relation of better self-perceived QOL to
more severe neonatal cranial US findings, based on birth
record search (Feingold, Sheir-Neiss, Melnychuk, Bachrach,
& Paul, 2002). And, even when preterm adolescents did rate
their QOL as poorer than full-term peers, they were not un-
duly worried about their future (Walther, den Ouden, & Ver-
loove-Vanhorick, 2000). Saigal et al. (1996) suggested that
disabled preterm children may adjust their expectations
downward so that they perceive their quality of life to be bet-
ter than an outsider might see it.

Special Topics

Small for Gestational Age (SGA)
As noted earlier, SGA refers to an infant having weight at
birth in the lowest portion (generally, the lowest 10%) of a
weight-for-gestational-age reference standard. A more strin-
gent standard, namely, the lowest 2% of a weight-for-
gestational-age distribution, has been proposed on the
grounds that higher percentages may include infants who
are merely genetically small. Intrauterine growth restriction
(IUGR) refers to an SGA infant for whom there is also evi-
dence of a pathologic restriction of fetal growth due to
adverse genetic or environmental influences. (Henrickson
& Clausen, 2002).

A disproportionate number of adults who were born
with IUGR seem predisposed to hypertension, heart dis-
ease, obesity, and type II diabetes (McClellan & Novak,
2001). According to the fetal origins hypothesis (a.k.a., the
Barker Hypothesis or fetal programming), these adult dis-
ease states are thought to result from fetal adaptations to
poor nutritional status that are harmful under conditions
of good nutrition later on (Barker, 1995). However, this lit-
erature is controversial (Paneth, Ahmed, & Stein, 1996;
Paneth & Susser, 1995).

Evidence regarding cognitive compromise in children
born with IUGR is inconsistent, and may have to do with
quality of postbirth nutrition; for a review, see Grantham-
McGregor (1998). Evidence regarding behavioral and emo-
tional problems also is mixed. In a study from Western Aus-
tralia (Zubrick, et al., 2000), severe IUGR children had

significantly elevated risk for mental disorder (OR 2.9; 95%
CI: 1.18, 7.12). Meanwhile, the British Cohort Study,
which used the 5th percentile of weight-for-gestational-age
as the cutpoint for defining SGA, found no longterm social
or emotional consequences (Strauss, 2000). This was also
the case for a large multicenter Scandinavian cohort (Som-
merfelt, et al., 2001). In this latter cohort, SGA versus AGA
status explained only 1% of variance in a summary score of
child behavior problems

Male Vulnerability
National birth registry data indicate an excess of males
among preterm births (Ingemarsson, 2003). A recent meta-
analysis of results from such studies found an overall OR
(95%CI) of 1.12 (1.09, 1.15) for the association of male-
ness with prematurity (Zeitlin, et al., 2002). Males are also
more likely to develop complications associated with
preterm birth, in particular pulmonary morbidities and in-
tracranial hemorrhage and, in consequence, their rates of
neonatal mortality are higher than for females (Vatten &
Skjaerven, 2004).

In studies examining longterm outcomes of prematurity,
males have been found to have higher rates of neurosensory
disability (Whitfield et al., 1977), poorer general cognitive
ability (Hindmarsh, O’Callaghan, Mohay, & Rogers, 2000),
and academic performance (Johnson & Breslau, 2000; O’-
Callaghan, et al., 1996) than their female counterparts.
Preterm males with sonographically identified perinatal
brain injury have been found to have IQ scores at age 4 to 5
years about half a standard deviation lower than girls with
the same degree of perinatal injury (Raz, et al., 1995).

Catch Up
With respect to physical growth, recent population-based
studies have found that, despite some catch-up, growth pa-
rameters continue to be below normal into adolescence for
a higher proportion of ELBW survivors than their term con-
trols (Ford, Doyle, Davis, & Callanan, 2000).

With respect to cognitive growth, findings are mixed.
For the most severely affected preterm children (e.g., those
with ELBW and those with PL/VE), cognitive abilities gen-
erally either decline or remain stable at their initially low
levels relative to peers. Meanwhile, for those without ma-
jor complications and those born at heavier birth weights,
subsequent interventions and socioeconomic circum-
stances play a major role in determining whether perfor-
mance relative to peers improves, declines, or remains the
same as they grow older. Most studies find that, while
rates of severe disabilities tend to remain stable over age,
there is an overall trend for increasing rates of more sub-
tle problems through early, middle, and high-school ages
(Saigal, 2000). This trend is exemplified in a full-popula-
tion cohort of children born at � 1,500g or � 32 GW fol-
lowed to age 14 (Walther, et al., 2000). In that cohort,
problems in basic functions (e.g., speech, mobility) de-
creased from age 5 to 10 years of age while psychological
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problems (negative mood, poor concentration) increased
(Theunissen, et al., 2000).

Summary of Prematurity

Preterm birth now affects 1 in 10 families in the United
States and is a major risk factor for major disability and im-
pairment, especially at the lower extremes of gestational
age. The largest single risk factor for preterm delivery is a
previous preterm delivery, pointing to a genetic contribu-
tion. Thus far, however, the causes of preterm delivery re-
main a mystery, frustrating efforts at prevention. In preterm
infants, white matter damage, both focal and diffuse, is a
risk factor for motor disability and impairment; white mat-
ter damage also may affect the organization of important
grey matter structures, such as the cortex. Even in the ab-
sence of known brain injury, the brains of healthy preterms
differ from those of term infants and these differences are
apparent in different age groups, including adults. The
functional significance of these differences requires further
study. It is important to note, that at least half of preterm
survivors are doing remarkably well and most are satisfied
with their quality of life.

CEREBRAL PALSY

Cerebral palsy, the most common physical disability of
childhood in developed countries, affects one in 500
school-age children (Stanley, Blair, & Alberman, 2000). The
disabling forms of cerebral palsy exact an enormous toll
from individuals, their families, and society (Honeycutt,
Dunlap, Chen, & Homsi, 2004), while milder forms of mo-
tor impairment place an individual at risk for social isola-
tion during school-age years (Skinner & Piek, 2001).

Background

Definitions
The term cerebral palsy describes a group of disorders of the
development of movement and posture, causing activity
limitation, that are attributed to non-progressive distur-
bances that occurred in the developing fetal or infant brain.
The motor disorders of cerebral palsy are often accompa-
nied by disturbances of sensation, cognition, communica-
tion, perception, and/or behavior, and/or by a seizure dis-
order (Bax M, et al., 2005). Postneonatal events such as
meningoencephalitis, trauma, or occlusion of a cerebral
artery account for only 12 to 21% of cases of CP in devel-
oped countries, but are more common in the developing
world (Emond, Golding, & Peckham, 1989).

The manifestation of motor impairment due to brain in-
jury or anomalies may change over time. Abnormalities of
motor tone or movement in the first several weeks or
months after birth may gradually improve during the first
year. Conversely, relatively nonspecific motor signs, such as

hypotonia, that are seen in this early period may evolve
over the 2 years into spasticity and extrapyramidal abnor-
malities.

Based on the predominant type of motor impairment,
CP is classified as spastic, dyskinetic, ataxic, or mixed (see
Table 23.3). For infants born in the Western world since
1980, spastic CP is the most frequent type and accounts for
approximately 85% of cases, with estimates ranging from
76 to 93% (Colver & Sethumadhavan, 2003; Mutch, et al.,
1992; Paneth & Kiely, 1984). Spasticity is defined as a ve-
locity-dependent resistance of muscle to stretch, or exces-
sive inappropriate involuntary muscle activity, associated
with upper motor neuron paralysis or syndrome. Spasticity
develops when injury to the corticospinal tracts decreases
cortical excitatory input to reticulospinal and corticospinal
tracts. This in turn decreases the number of effective motor
units, producing aberrant muscle control and weakness. At
the same time, the loss of descending inhibitory output
through the reticulospinal tract and other systems increases
the excitability of gamma and alpha neurons, producing
spasticity (see Sanger, 2003).

Spastic CP is classified further, according to its topogra-
phy, into quadriplegia (involvement of all four limbs),
diplegia (significant leg involvement with less prominent
effect on the arms), and hemiplegia (involvement of an
ipsilateral arm and leg). The term double hemiplegia
implies bilateral involvement characterized by greater in-
volvement of the arms than the legs. Movement disorders
(such as dystonia) can coexist with the predominant motor
impairment. Because at present there is no reliable objec-
tive measure of muscle tone, the topographic classification
of spasticity is somewhat unreliable between clinicians.

The inclusion of a measure of functional motor capacity
in the diagnostic process improves the rate of diagnostic
agreement between clinicians; the rate of agreement is
greater for disabling than nondisabling forms of CP. For this
reason, it has been argued that only disabling CP should be
included in case registers for epidemiological studies of CP
(Palisano, et al., 1997b). A simple five-level system for rat-
ing activity restriction that correlates highly with the Inter-
national Classification of Impairments, Disabilities, and
Handicap (WHO, 1980). Levels I and II correspond to
nondisabling or mildly disabling CP, while Levels III to
V correspond to moderately to severely disabling CP
(Palisano, et al., 1997b). Children with spastic hemiplegia
typically are mildly disabled (activity restricted), children
with spastic diplegia, choreoathetoid CP, and mild ataxia
are moderately disabled, while children with spastic
quadriplegia are severely disabled (Palisano, et al., 1997a).

Trends in Incidence and Prevalence

The prevalence of CP in the Western world is about 2 to 3
per 1,000 live births (Stanley, et al., 2000). Information
about the prevalence and time trends of CP has been most
completely described for patients in the United Kingdom,
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TABLE 23.3
CEREBRAL PALSY: CLASSIFICATION, ASSOCIATED FEATURES, AND RISK FACTORS

Type/Frequency/* Motor Features/ Other Risk 
Age at Dx Functional Level Epilepsy Features Factors

Spastic CP—80% of all cases • Pyramidal signs, with distal 

weakness, hypertonicity, and

hyperreflexia (damage to 

cortico-spinal tracts)

Spastic Quadriplegia • All 4 extremities involved 50–95% • Dysphagia • Intrauterine 

(0.2 /1,000 live births) (though legs may be slightly infection

First year of life worse than arms) • Preterm birth

• Usually nonambulatory • Hypoxic ischemic

encephalopathy

Spastic Diplegia • Legs extremities more involved 16–27% • Hydrocephalus • Preterm birth
(0.7 / 1,000 live births) than arms Strabismus

• 10% nonambulatory

Spastic Hemiplegia • One side of body involved 30–50% • Small hand and • Coagulation
(0.6 / 1,000 live births) (arm may be worse than leg) foot on affected disorders
First 2 years of life • Usually will walk independently side with sensory 

loss
Homonymous

hemiopsia

Dyskinetic CP—15% of cases • Extrapyramidal signs; • Hypoxic-ischemic
(0.3 / 1,000 live births) insupressible, stereotyped encephalopathy

involuntary movements
(basal ganglia damage)

Hyperkinetic / • Purposeless massive rare • Increased by • Kernicterus
Choreoathetoid involuntary movements with stress • Hypoxic-
Age 3–5 years motor overflow Absent during ischemic 

• Usually ambulatory sleep encephalopathy

Dystonic • Abnormal and distorted rare • Increased by 
Age 5–10 years postures; fluctuating muscle voluntary 

tone movement
• Diminished by

• Usually ambulatory distraction and
sleep

Ataxic CP— 5 % of cases • Axial hypotonia, truncal 
(0.1 / 1,000 live births) oscillations, intention 

tremor � scanning speech
(cerebellar signs)

Simple Ataxia • Ambulatory with broad-based gait rare • IUGR

Disequilibrium Syndrome • Dysmetria and difficulty in rare • Genetic
posture, equilibrium

Mixed CP • Spastic /dystonic is common
• Ataxic / diplegic

*School age prevalence per thousand live births.

Sweden, and Australia. For the period from 1967 to the
early and mid-1980s, data from these countries showed an
increase in the live birth prevalence of CP in children with
low birthweight with a leveling off thereafter (Hagberg,
Hagberg, Beckung, & Uvebrant, 2001; Stanley & Watson,
1992). The only population-based study of CP in the
United States has found a modest increase in the preva-
lence of CP, but only in normal birthweight one year sur-
vivors (Winter, Autry, Boyle, & Yeargin-Allsopp, 2002).

CP occurs more commonly in children who are born
very preterm than in mildly premature children. A recent
study in Sweden found that of 241 children with CP, 36%
were born at less than 28 GW, 25% at 28 to 32 GW, and
2.5% at 32 to 38 GW and 37% at term. Of these 241 chil-
dren, 33% were hemiplegic, 44% diplegic, and 6%
quadriplegic (Hagberg, et al., 2001).

In developed countries, the natural history of CP has im-
proved over the past 50 years. If appropriate health care is
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available, affected children without significant comorbidi-
ties have life spans approaching that of the general popula-
tion However, life span is shorter in persons with
quadriplegia, hydrocephalus, lack of basic functional skills,
refractory seizures, and profound mental retardation
(Hutton & Pharoah, 2002).

Clinical Patterns, Pathological Findings, and
Imaging Studies

Full-Term Infants
Spastic hemiplegia is most typical of full-term infants.
Cerebral injury in the distribution of the middle cerebral
artery is the most common finding on postmortem and in
patients evaluated with CT and MRI (Scher, Belfar, Martin,
& Painter, 1991; van Bogaert, Baleriaux, Christophe, &
Szliwowski, 1992; Wiklund & Uvebrant, 1991). These stud-
ies find necrosis and atrophy with or without gliosis, but it
is not known when the ischemic or hemorrhagic distur-
bance began. For reasons not understood, right-sided
hemiplegia occurs as twice as frequently as left-sided hemi-
plegia (Ment, Duncan, & Ehrenkranz, 1984).

Periventricular atrophy suggesting white matter abnor-
mality is present in some children with hemiplegic CP and
gross malformations of cerebral development are found in
about one sixth. The CT or MRI is normal in another one
quarter to one third of children with presumed congenital
hemiplegia. The lack of areas of injury or abnormality on
brain imaging supports the idea that some CP is related to
abnormalities of brain development at the microscopic
level. Consistent with this possibility, no abnormalities of
any kind were found in the obstetrical history of a majority
of infants with hemiplegia in two separate studies (Cohen &
Duffner, 1981; Levy, Abroms, Marshall, & Rosquette, 1985).

In patients with quadriplegic CP, MRI findings include
multiple cystic lesions in the white matter, diffuse cortical
atrophy, cavities that communicate with the lateral ventri-
cles, and hydrocephalus (Truwit, Barkovich, Koch, &
Ferriero, 1992). Choreoathetoid forms of CP, which often
include spasticity, tend to occur in term infants. Dystonia
of the extremities often also co-occurs with spasticity but is
often missed. On postmortem the histopathological ap-
pearance of the basal ganglia often resembles marble (sta-
tus marmoratus). Persistently hypotonic or atonic CP sug-
gests the involvement of the cerebellar pathways. Long tract
signs such as brisk tendon reflexes and extensor plantar re-
sponses frequently accompany the hypotonia.

Preterm Infants
Until recently, the predominant view was that spastic
quadriplegia was typically (although not invariably) asso-
ciated with term delivery, while spastic diplegia was typi-
cally (although not invariably) associated with preterm de-
livery. This view accorded with what was known, based on
neuropathological studies and early brain imaging, about
the differing typical distribution of white matter injury in

term and preterm infants. Parasaggital white matter injury
in term infants and periventricular white matter injury in
preterm infants have been attributed to gestational age-
related differences in regional vulnerability of white matter
to injury. However, recent epidemiological and brain imag-
ing studies cast some doubt on this picture. Epidemiologi-
cal studies of cohorts born since 1980 and found that spas-
tic cases with predominantly lower limb involvement
(about 33%) were equally distributed among preterm and
term infants (Colver & Sethumadhavan, 2003). Moreover,
in recent MRI studies of children with spastic CP, there has
been no clear association between periventricular white
matter injury and spastic diplegia or between parasaggital
white matter injury and quadriplegia (Krageloh-Mann,
2000). Figure 23.3 shows examples of neuroimaging and
neuropathology of the cerebral palsies with brief clinical
descriptions.

Risk Factors and Pathogenesis

The view that intrapartum asphyxia was the predominant
cause of CP was entrenched in the lay and professional
mind until fairly recently (Gibbs, Rosenberg, Warren,
Galen, & Rumack, 2004). This misconception gradually
yielded to a series of important neuroepidemiological stud-
ies, beginning in the late 1970s with the Collaborative Peri-
natal Project (Nelson & Ellenberg, 1978) and including, in
the United States, the Neonatal Brain Hemorrhage Study
(Pinto-Martin, et al., 1993), the California Cerebral Palsy
Project (Cummins, Nelson, Grether, & Velie, 2003;
Grether, Nelson, Walsh, Willoughby, & Redline, 2003) and
the Developmental Epidemiology Network (Leviton et al.,
1999). In an attempt to evaluate the relative contribution
of different risk factors, epidemiologists have used analytic
models that evaluate later events (for example those occur-
ring during delivery) in the light of earlier events (e.g., ma-
ternal characteristics before pregnancy, first trimester
events) (Nelson & Ellenberg, 1986). As a result of these
studies, we now know that the brain insults causing CP can
occur prenatally, perinatally, postnatally or in some com-
bination of these. (Kuban & Leviton, 1994) Table 23.4
summarizes epidemiologic risk factors for CP classified ac-
cording to whether they occur before pregnancy, during
pregnancy, or during the perinatal period.

At this time most cases of CP cannot be prevented. In a
contemporary case series representing 217 cases of system-
atically assessed CP over a 10-year period, a plausible risk
factor was identified in 82.0% of cases (Shevell, Majnemer,
& Morin, 2003). The five most common factors were
periventricular leukomalacia (white matter damage)
24.9%, intrapartum asphyxia 21.7%, cerebral dysgenesis
17.1%, intracranial hemorrhage 12.9%, and vascular,
9.7%. A single factor was found for 66.4% of the cases and
multiple factors in 15.6% of cases. The risk factor profile
varied according to the topography of the CP, gestational
age, and source of the patients. Features associated with the
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Figure 23.3 Neuroimaging and neuropathology of the “cerebral palsies.” Note the heterogeneity of brain disorders. (A) Bilateral
schizencephaly with grey matter lining the ventricles. This boy had visual function but it is not clear where the “visual cortex” is located.
Note the effects on the corpus calosum. He had some head and trunk control but no mobility. His main clinical problem was intractable
seizures and feeding difficulties. (B) Right hemisphere polymicrogyria (arrow) secondary to 22q deletion presenting as a classical left hemi-
plegia in the second six months of life. This girl has no fits, no feeding difficulty and no speech problems. She is not prone to infection. She
walked at a typical age for hemiplegia (18–22 months). The left hemisphere is normal. This is yet another example of the importance of scan-
ning children with CP. (C) Periventricular leucomalacia (PVL). Scan taken at 10 months age. Born prematurely at 27 weeks gestation. Note
how the posterior horns of the lateral ventricles abut on the cerebral cortex along with an extremely thin corpus calosum. There is high sig-
nal change in what remains of the white matter. In contrast with hydrocephalus, the ventricles have sharp outlines indicating they are not
under pressure. (D) Coronal section through hemisphere of 8-month-old infant showing old left cortical-subcortical infarct with thin inter-
nal capsule. (E) Transverse section through the medulla of the same infant as in panel D. Note the virtual absence of the pyramid on the
right (arrow, E) due to a loss of descending corticospinal tracts. (F) Devastating destruction of the left hemisphere from herpes simplex en-
cephalitis at 18 months of age. This girl lost the power of speech, feeding, sitting, and walking in the acute phase but regained all these
over the following year. She is prone to seizures which are controlled with anticonvulsants. Despite her tremendous recovery, she has a
dense right homonymous hemianopia and hemiplegia (without neglect) with learning difficulties. Note the smaller left cerebral peduncle in
panel G. (H) Left postvaricella “capsular infarct” in a male toddler. The lesion involves the internal capsule, lentiform nucleus, and thalamus.
All of these pathologies may be said to contribute to the “cerebral palsies”. (From Jean-Pierre Lin. The cerebral palsies: a physiological ap-
proach. from the J. Neurol Neurosurg Psychiatry 2003;74: i23–i29. With permission from the BMJ Publishing Group)
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child’s CP such as microcephaly, neonatal complications,
and prior or concurrent epilepsy, were observed to be pre-
dictive of etiologic yield (Shevell, et al., 2003). At the level
of the individual patient, the identification of risk factors
provides answers to questions about recurrence risks, may
reduce unnecessary investigations and empowers the fam-
ily and child by providing knowledge.

Neonatal Markers for CP

On neonatal neurological exam, qualitative abnormalities
of spontaneous motor activity in newborns and young in-
fants are thought by some authorities to be early predictive
markers for later spastic CP; in particular, infants who later
develop spastic CP have an absence of fidgety movements,
a spontaneous movement pattern that is normally present
from 3 to 5 months (Ferrari, et al., 2002).

With respect to brain imaging in the neonatal period,
current practice parameters recommend routine screening
with cranial US on all preterm infants of � 30 GW (Ment,
et al., 2002). Screening should be done once between 7 and
17 days of age and repeated between 36 and 40 weeks post-
menstrual age so as to detect intraventricular hemorrhage,
focal white matter damage (sometimes referred to as
periventricular leukomalacia), and low pressure ventricu-
lomegaly, which provide prognostic information on long-
term developmental outcome. In term infants with clinical
signs of encephalopathy, a history of birth trauma, low
hematocrit, or coagulopathy, MRI should be done between
days 2 and 8 to asses the location and extent of injury. In
particular, basal ganglia and thalamic lesions identified by
conventional MRI are associated with poor developmental
outcomes (Ment, et al., 2002).

The Initial Diagnosis of CP

Practice parameters for the evaluation of cerebral palsy
have recently been published by the American Academy of
Neurology (Ashwal, et al., 2004). (See Figure 23.4.)

History and Physical Exam
The chief complaint typically is a concern that the child is
not attaining motor milestones at the expected time in the
first 2 to 3 years of life. At the outset of the diagnostic pro-
cess, a careful history must ascertain that the child is not
losing motor function given that a number of symptoms
and signs are common to both CP and neurodegenera-
tive/metabolic disorders (Gupta & Appleton 2001). A re-
view of family history, maternal history, and pregnancy ex-
perience is necessary

The physical exam localizes the motor abnormalities to
the brain as opposed to the motor unit (anterior horn cell,
peripheral nerve, nerve–muscle junction, muscle). The ob-
servations on which the diagnosis of CP is based include
motor function (e.g., ability to sit independently, ability to
walk) and muscle tone and reflexes (e.g., deep tendon,
primitive and protective reflexes). Dynamic deformities
and movement disorders can be accentuated during ambu-
lation or other activities.

CP usually is not difficult to diagnose in the patient
who has not attained motor milestones, who is not losing
function, and whose muscle tone is generally high. How-
ever, one commonly encounters patients who have not
met milestones and whose muscle tone is normal or low.
In these cases, important findings on exam that would be
consistent with CP include persistence of the primitive re-
flexes past the time that they should have vanished or the
failure to develop protective reflexes at the expected time.
For example, the Moro reflex and tonic neck reflex should
not be obtainable after 6 months of age; side protective
reflexes should be elicitable after 5 months of age and the
parachute reflex after 10 months. If the primitive reflexes
have disappeared at the appropriate time and if the
protective reflexes have emerged as expected, then one
should think of a motor unit disease, such as spinal mus-
cular atrophy or congenital myopathy rather than CP
(Russman, 1992).

The diagnosis of CP in the hypotonic child can be espe-
cially difficult, and may require repeated examinations and
more than one opinion. An important sign in the physical
exam is that of hand preference. A child should not cross
the midline when reaching for an object until after 1 year of
age and should not show hand preference until 18 to 24
months of age. Evidence of handedness prior to this time
suggests a hemiplegia (Russman, 1992).

The physical exam should establish whether signs of
CP are present and if so permit classification of the type
of CP (quadriplegia, hemiplegia, diplegia, ataxic, etc.).
The normal examination in the first 6 months of life does
not exclude the possibility of mild or moderately severe
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TABLE 23.4
EPIDEMIOLOGIC RISK FACTORS FOR 
CEREBRAL PALSY

Maternal history of long intervals between menses 
Short or unusually long interpregnancy interval
Pregnancy bleeding
Maternal history of fetal loss
Prenatal methylmercury exposure
Prenatal or perinatal stroke
Congenital rubella
Congenital toxoplasmosis
Fetal growth retardation
Chorioamnionitis
Premature separation of the placenta
Preterm birth
Multiple birth
Low Apgar Score
Transient Hypothyroxinemia of the Preterm
Hyperbilirubinemia
Newborn encephalopathy
Hypocapnia from mechanical ventilation
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EVALUATION OF THE CHILD WITH CEREBRAL PALSY 

History and Examination Findings Suggest Diagnosis of CP
(nonprogressive disorder of motor control) 

Obtain neuroimaging study
(MRI preferred to CT) 

1. Determine if neuroimaging 
abnormalities in combination with 
history and examination establishes a 
specific etiology of CP.  

2. If developmental malformation is 
present, consider genetic evaluation. 

3. If previous stroke, consider evaluation 
for coagulopathy or other etiology. 

ABNORMAL MRINORMAL MRI 

1. Consider metabolic or genetic 
testing if upon follow-up the child 
has: 
  Evidence of deterioration or 

episodes of  metabolic 
decompensation. 

  No etiology determined by 
medical evaluation. 

  Family history of childhood 
neurologic disorder associated 
with CP. 

Did the child have previous neuroimaging or other laboratory studies?
(e.g., in neonatal period) that determined the etiology of CP? 

No need for further  
diagnostic testing 

1.   Confirm that the history does not suggest a progressive or degenerative central
      nervous system disorder.
2.   Assure that features suggestive of progressive or degenerative disease are not
      present on examination.
3.   Classify the type of CP (quadriplegia, hemiplegia, diplegia, ataxic, etc). For the
      most part this classification system is one of convenience; that is easy
      communication. It does not necessarily relate to prognosis or to what treatments
      are indicated.
4.   Screen for associated conditions including:
      •      Developmental delay/mental retardation
      •      Ophthalmologic/hearing impairments
      •      Speech and language delay
      •      Feeding/swallowing dysfunction
      •      If history of suspected seizures, obtain an EEG 

Figure 23.4 Algorithm for the evalua-
tion of the child with cerebral palsy (CP).
Screening for associated conditions (men-
tal retardation, vision/hearing impair-
ments, speech and language delays, oral
motor dysfunction, and epilepsy) is recom-
mended. Neuroimaging (MRI preferred to
CT) is recommended for further evaluation
if the etiology of the child’s CP has not
been previously determined. In some chil-
dren, additional metabolic or genetic test-
ing may be indicated. From: Ashwal S,
Russman BS, Blasco PA, Miller G, Sandler
A, Shevell M, et al. Practice parameter: di-
agnostic assessment of the child with cere-
bral palsy: report of the quality standards
subcommittee of the American Academy
of Neurology and the Practice Committee
of the Child Neurology Society. Neurol-
ogy, 62:851-863. (Reprinted with the per-
mission of the American Academy of Neu-
rology)

The new emergence of neurological abnormality after the
first 6 months of life can be attributed to progressive
myelination, which is reflected in changes in the neuro-
logical exam. While most severe cases of CP are identified
by 24 months of age, some cases, particularly of dystonic
CP, do not become manifest until adolescence; in these
cases the static lesion or anomaly was present early in de-

velopment but clinically silent until uncovered by brain
maturation.

Screening for conditions that commonly co-occur with
CP such as mental retardation, ophthalmologic abnormal-
ities, hearing impairments, speech and language disorders,
and disorders of oral-motor functioning should be part of
the initial assessment.
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Laboratory Tests
Current practice parameters (Ashwal, et al., 2004) recom-
mend brain imaging as a first step in order to determine
whether a brain abnormality exists that may, in turn, sug-
gest and etiology and prognosis. MRI is preferred to CT be-
cause of the higher yield in suggesting an etiology and tim-
ing of insult leading to CP (see Brain Imaging, below). MRI
has been found to identify major brain malformations in
up to 12% of cases. Because these malformations (e.g.,
lissencephaly, schizencephaly, or pachygyria) are increas-
ingly associated with specific genetic disorders, their pres-
ence in children with CP indicates the need for further ge-
netic testing. Cerebral malformations are also found in
certain neurometabolic disorders (e.g., peroxisomal disor-
ders); these disorders can present within the first years of
life with motor impairment that may appear to be nonpro-
gressive. Metabolic disorders that may be misdiagnosed as
CP are reviewed by Gupta and Appleton (2001).

Even in the absence of cerebral malformation,
metabolic and genetic testing should be considered in the
following situations: (a) absence of a definite preceding
prenatal, perinatal, or postnatal insult, (b) presence of a
positive family history of CP, (c) occurrence of develop-
mental regression (loss of abilities), (d) presence of oculo-
motor abnormalities, involuntary movements, ataxia, mus-
cle atrophy, or sensory loss. Because the incidence of
cerebral infarction is high in children with hemiplegic CP,
testing for coagulation disorders may be considered. Cur-
rently EEG is not recommended except when there is clini-
cal suspicion of seizures (Ashwal, et al., 2004).

Disclosure
Research evidence indicates that, when interviewed,
around half of parents of children with physical disability
report dissatisfaction with the manner in which the disclo-
sure was handled (Sloper & Turner, 1993). Evidence-based
clinical guidelines for the sensitive disclosure of a diagno-
sis of CP have been advanced by Baird, McConachie, and
Scrutton (2000), and the reader is urged to consult them.

Prognosis for Motor Function

When the diagnosis of CP is disclosed to parents, their
first question is often “Will my child walk?” As reviewed
by Sala and Grant (1995), three major factors (primitive
reflexes and postural reactions, gross motor skills, and to-
pography of CP) contribute to the inability to ambulate
independently. Specifically, the persistence of primitive
reflexes and absence of postural reactions by age of 2 is as-
sociated with poor prognosis for independent ambula-
tion. Sitting without support by the age of 2 years is asso-
ciated with attainment of ambulation. Children with
spastic hemiplegia will walk independently, those with
spastic diplegia will walk independently 85% of the time,
and those with spastic quadriplegia are the least likely to
walk independently. It must be noted, however, that there

is wide variation in estimates of the likelihood of ambu-
lation in children with spastic quadriplegia, ranging from
0 to 72% (Bottos & Gericke, 2003). In addition to these
clinical criteria, a reliable and valid prognostic system that
uses the GMFM is now available at www.canchild.org
(Rosenbaum, et al., 2002).

Once achieved, independent walking is not necessarily
maintained though adolescence and adulthood. Those
who reach independent walking by the age of 3 years have
a higher chance of maintaining the ability to walk than
those who did not achieve it by that age. Important factors
that influence the maintenance of ambulatory capacity are
joint deterioration, physiological, or psychological burn-
out and surgery (Bottos, Feliciangeli, Scuito, Gericke, &
Vianello, 2001).

On the other hand, CP diagnosed in the first 2 years of
life may resolve during early childhood, especially if the
functional impairment is mild (Ford, Kitchen, Doyle,
Rickards, & Kelly, 1990). In the Collaborative Perinatal
Project, 118 out of 229 children who had signs of CP at 1
year of age were found to be free from motor handicap
when reexamined at age 7. Mild CP resolved in 72% of
cases, but only 3% of severe cases resolved. However, men-
tal retardation and nonfebrile seizures were almost 10
times more likely in children with resolved CP than in chil-
dren with no history of CP (Nelson & Ellenberg, 1982).
Thus it appears that even the child who improves is at risk
for associated conditions.

Implications of Early Motor Status for Intervention
and Management
By the age of 3 years, children generally fall into one of
three groups: (1) those who are not sitting independently,
but do exhibit locomotion patterns that require at least
some trunk control such as crawling and bottom shuf-
fling, (2) those who are sitting independently, but who
have yet to develop independent walking and, (3) those
who have already achieved independent walking (Bottos
& Gericke, 2003).

For children in the first group, some authorities feel
that the clinician and family should not wait to see
whether the child will eventually become an independent
walker due to maturation and therapy. These children
need assistive devices to promote motor independence
(typically this means a powered wheelchair). Without
such assistance, their development will be hampered by
ineffective mobility, fatigue, and reliance upon others. For
children in the second group, physiotherapy may be indi-
cated, together with the use appropriate orthoses and or-
thopedic surgery. After the age of 7 years, physiotherapy
aimed at promoting walking should be limited, because
independent walking is unlikely to be achieved after that
age, particularly when spasticity is present. Even when
walking is attained, assistive mobility devices should be
used to widen the child’s motor autonomy and avoid
early physiological burnout. This is particularly true for
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those with mild and moderate motor impairment who
may be more likely to struggle to keep up with peers.
Children in the third group need close monitoring and
need to have periodic session of physiotherapy well into
adulthood in order to prevent deformities (Bottos &
Gericke, 2003).

When gross motor impairment is minimal and orthope-
dic care is not indicated, it may be preferable to not make a
formal diagnosis of CP because the diagnosis may carry the
stigma of associated problems that may not be present,
such as mental retardation (Russman, 1992). However,
parents may need to be advised that other professionals
they encounter may use the term CP, so the reasons for not
making a formal diagnosis should be openly explained to
the parents.

Cognitive Implications of CP

In most patients a prognosis about intellectual develop-
ment must be deferred pending the development of lan-
guage. Testing language is based on testing earling intelli-
gence and early tests depend inordinately on visuomotor
skills. Therefore in questionable situations a prognosis
cannot and should not be rendered until after age 5 years.
In the athetoid patient who might have a severe
dysarthria, a prognosis about intelligence should be post-
poned until school age. An examiner experienced with the
severely disabled dyskinetic population should perform
the evaluation because the motor disability could lead to
misleading scores. While severe cognitive impairment is
rare among those with hemiparesis (about half of whom
generally score in the normal range), it predominates
among those with quadriparesis (Fennell & Dikel, 2001).
Cognitive impairment is most severe among those with
seizure activity (Vargha-Khadem, Isaacs, van der Werf,
Robb, & Wilson, 1992).

In general, children with CP tend to have lower perfor-
mance than verbal IQ scores (Fedrizzi, et al., 1996; Good-
man & Yude, 1996; Ito, et al., 1996; Muter, Taylor, &
Vargha-Khadem, 1997); the difference is unrelated to side
of lesion (Muter, et al., 1997). However, it is the perfor-
mance portion of the IQ tests used in these studies that
most depends on motor skills. Tests with a yes/no or
multiple-choice format, where answers can be indicated
with minimal motor input and with no penalty for slow re-
sponse times, allow clear separation of motor and cognitive
abilities. Two recent studies using such techniques demon-
strated greater visual–perceptual than language impair-
ment in children with CP (Sabbadini, Bonanni, Carlesimo,
& Caltagirone, 2001; Stiers, et al., 2002). In one of these
studies patients indicated answers using prosthetic point-
ing devices (Sabbadini, et al., 2001). In this study, eight in-
dividuals with severe neuromotor and verbal disabilities
performed comparably to 19 controls matched for mental
age on all tests of language except for comprehension of
syntactically complex sentences.

Psychosocial Issues in CP

Children with chronic functional limitations have consid-
erably more difficulties in the social and behavioral aspects
of their lives than typical children. Intellectual and behav-
ioral problems in children with hemiplegic CP reported by
teachers in mainstream schools indicate that such children
are at a high risk for rejection by peers, for lack of friends,
and for victimization (Yude & Goodman, 1999).

Brain damage is a risk factor for childhood psychiatric dis-
order. In the Isle of Wight study, children with CP were three
times more likely to have a psychiatric disorder than peers in
the general population. This finding was not accounted for
by differences in IQ or physical handicap (Rutter, 1989),
suggesting that brain injury accounted for the behavioral dif-
ficulties. A more recent population-based study found that
parent-reported behavior problems were five times more
likely in children with CP than in children with no health
problems; behavior problems were even more common in
children with both CP and mental retardation. The most fre-
quent problems were dependency and headstrong and hy-
peractive behavior (McDermott, et al., 1996). The pharma-
cologic treatment of ADHD symptomatology in children
with CP has received little attention. A single controlled
study found that methylphenidate resulted in animprove-
ment in ADHD symptoms, as assessed by both parent and
teacher ratings (Gross-Tsur, Shalev, Badihi, & Manor, 2002.

Medical Management of CP

Assisting persons with CP requires a team approach in
which the family and patient are leaders whenever possible.

Motor Function, Mobility, and Posture
The elimination of spasticity allows many patients with CP
to use what selective motor control they possess more func-
tionally. Spasticity associated with CP can lead to muscu-
loskeletal complications such as contracture, pain, and
subluxation.

Management of spasticity in the patient with CP in-
volves multiple approaches, including environmental in-
terventions such as minimizing sleep deprivation, allevi-
ating pain, therapeutic use of heat, and/or deep tissue
massage and reducing prolonged periods of immobility.
Multiple oral medications are used to treat spasticity but
have limited efficacy in most patients due to unacceptable
side effects. Injectable neuromuscular blocking agents bal-
ance muscle power across joints by effecting selective den-
ervation of muscles and nerves; botulinum toxin A is now
the most widely used blocking agent (Bottos, Benedetti,
Salucci, Gasparroni, & Giannini, 2003; Edgar, 2001). Neu-
rosurgical interventions include the baclofen pump and
selective dorsal rhizotomy. Placement of a pump to allow
the delivery of baclofen directly to the spinal cord is more
effective at reducing spasticity and dystonia without the
cognitive side effects that are frequently seen with oral ad-
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ministration of the drugs. Selective dorsal rhizotomy in-
volves the selective ablation of dorsal nerve rootlets and
results in reduced tone in the lower extremities. Surgical
tendon release is also used widely to help ambulation in
CP (Koman, Smith, & Shilt, 2004). However, little careful
evaluation has been done of the comparative efficacy of
these modalities. Specialty organizations such United
Cerebral Palsy Association and the American Academy for
Cerebral Palsy and Developmental medicine have Web
sites (www.ucpa.org and www. aacpdm.org, respectively)
that can be informative and helpful to parents.

Epilepsy

Children with CP are at excess risk for epilepsy. In the
general pediatric population, the prevalence of epilepsy is
3 to 6 per 1,000. By contrast, in a population-based study
of children with CP, the prevalence of epilepsy was ob-
served to be 38%. All children with quadriplegic CP and
about one third of children with other types of CP devel-
oped epilepsy. Children with mental retardation have a
higher frequency of epilepsy than those without mental
retardation (Carlsson, Hagberg, & Olsson, 2003).

General Treatment Principles

The WHO model of health and disease focuses on the pro-
motion of function and participation as the broad goals of
medicine. It provides an important framework to guide
modern thinking about treatment for children with CP
(World Health Organization, 2001).

First, communication skills must be promoted. Without
this ability, even with a normal intellect, the patient is iso-
lated. Treatment of children with CP in the past has often
focused on improving motor function, and communica-
tion has been relatively neglected (Russman, 1992).

Second, the achievement of functional abilities that fa-
cilitate autonomy must be emphasized. The liberal use of
adaptive equipment may support early development of ca-
pacities with the important effect of improving overall de-
velopment. The common concern that making things too
easy for children will inhibit normal function is without
basis. Robust evidence exists that the provision of powered
mobility to children with disability as young as 36 months
can have positive impact on social, language and play skills
and promote independent movements (Butler, 1991).

Third, modern services for persons with CP need to be
offered within a family-centered model in which parents
and providers work together as partners. Parents’ satisfac-
tion with services is inversely related to their stress in their
dealing with their child’s treatment; their satisfaction is
greater and their stress less with family centered as com-
pared to other treatment models (King, Rosenbaum, &
King, 1996). There is also an association between family-
centered service and parents’ mental health (King, King,
Rosenbaum, & Goffin, 1999).

Finally, goal setting should be a collaborative effort be-
tween parents (and older children) and health care
providers. CP is a chronic condition that requires intensive
planning for full participation in the community. “This chal-
lenge is one that must be addressed by the whole commu-
nity, and should involve the imagination and political will
of professionals and families from all areas of society. To do
less would be marginalize young people with CP and to
squander the developmental and functional gains they have
made in their developing years” (Rosenbaum, 2003, p. 973).

REFERENCES

Abernethy, L. J., Klafkowshi, G., Foulder-Hughes, L., Cooker, R. W.
(2003). Magnetic resonance imaging and T2 relaxometry of cere-
bral white matter and hippocampus in children born preterm. Pe-
diatric Research, 54: 868–874.

Achenbach, T. M. (1991). Manual for the child behavior checklist/4-18
and 1991 profile. Burlington, VT: University of Vermont, Depart-
ment of Psychiatry.

Ajayi-Obe, M., Saeed, N., Cowan, F. M., Rutherford, M. A., & Edwards,
A. D. (2000). Reduced development of cerebral cortex in extremely
preterm infants. Lancet, 356: 1162–1163.

Allen, M. C. (2002a). Overview: Prematurity. Mental Retardation &
Developmental Disabilities Research Reviews, 8: 213–214.

Allin, M., Henderson, M., Suckling, J., Nosarti, C., Rushe, T., Fearon,
P., Bullmore, E. T., et al. (2004). Effects of very low birthweight on
brain structure in adulthood. Developmental Medicine & Child
Neurology, 46:46–53.

Allin, M., Matsumoto, H., Santhouse, A. M., Nosarti, C., Al Asady, M.
H., Stewart, A. L., et al. (2001). Cognitive and motor function and
the size of the cerebellum in adolescents born very pre-term. Brain,
124: 60–66.

Als, H., Duffy, F. H., & McAnulty, G. B. (1988). The APIB, an assess-
ment of functional competence in preterm and fullterm newborns
regardless of gestational age at birth. II. Infant Behavior and Develop-
ment, 11: 319–331.

Anand, K. J., & Scalzo, F. M. (2000). Can adverse neonatal experiences
alter brain development and subsequent behavior? Biology of the
Neonate, 77: 69–82.

Ashwal, S., Russman, B. S., Blasco, P. A., Miller, G., Sandler, A., Shev-
ell, M., et al. (2004). Practice parameter: diagnostic assessment of
the child with cerebral palsy: report of the quality standards sub-
committee of the American Academy of Neurology and the Practice
Committee of the Child Neurology Society. Neurology, 62:
851–863.

Aylward, G. P. (2002). Cognitive and neuropsychological outcomes:
More than IQ scores. Mental Retardation and Developmental Disabil-
ities Research Reviews, 8: 234–240.

Baird, G., McConachie, H., & Scrutton, D. (2000). Parents’ perceptions
of disclosure of the diagnosis of cerebral palsy. Archives of Disease in
Childhood, 83: 475–480.

Barker, D. J. (1995). Fetal origins of coronary heart disease. British
Medical Journal, 311: 171–174.

Berkowitz, G. S. and Papiernik, E. (1993) Epidemiology of preterm
birth. Epidemiologic Reviews. 15:414-443

Bhutta, A. T., Cleves, M. A., Casey, P. H., Cradock, M. M., & Anand, K.
J. S. (2002). Cognitive and behavioral outcomes of school-aged
children who were born preterm—A meta-analysis. J—Journal of the
American Medical Association, 288: 728–737.

Botting, N., Powls, A., Cooke, R. W. I., & Marlow, N. (1997). Attention
deficit hyperactivity disorders and other psychiatric outcomes in
very low birthweight children at 12 years. Journal of Child Psychology
and Psychiatry, 38: 931–941.

Bottos, M., & Gericke, C. (2003). Ambulatory capacity in cerebral
palsy: prognostic criteria and consequences for intervention. Devel-
opmental Medicine & Child Neurology, 45: 786–790.

Bottos, M., Benedetti, M. G., Salucci, P., Gasparroni, V., & Giannini, S.
(2003). Botulinum toxin with and without casting in ambulant

500 Section III: Neuropsychiatric Aspects of Neurologic Disorders of Children and Adolescents 

75191_ch23.qxd  9/28/05  23:23  Page 500

http://www.ucpa.organdwww.aacpdm.org


children with spastic diplegia: a clinical and functional assessment.
Developmental Medicine & Child Neurology, 45: 758–762.

Bottos, M., Feliciangeli, A., Sciuto, L. Gericke, C., & Vianello, A.
(2001). Functional status of adults with cerebral palsy and impli-
cations for treatment of children. Developmental Medicine & Child
Neurology, 43: 516–528.

Bowen, J. R., Gibson, F. L., & Hand, P. J. (2002). Educational outcome
at 8 years for children who were born extremely prematurely: A con-
trolled study. Journal of Paediatrics and Child Health, 38: 438– 444.

Bracewell, M., & Marlow, N. (2002). Patterns of motor disability in
very preterm children. Mental Retardation & Developmental Disabili-
ties Research Reviews, 8: 241–248.

Breslau, N. (1995). Psychiatric sequelae of Low Birth Weight. Epidemi-
ologic Review, 17:96–106.

Breslau, N., Brown, G. G., DelDotto, J. E., Kumar, S., Ezthuthachan, S.,
Andreski, P., et al. (1996). Psychiatric Sequelae of Low Birth Weight
at Six Years of Age. Journal of Abnormal Child Psychology, 24: 385–
400.

Breslau, N., & Chilcoat, H. D. (2000). Psychiatric sequelae of low birth
weight at 11 years of age. Biological Psychiatry, 47: 1005–1011.

Breslau, N., Chilcoat, H., DelDotto, J. E., Andreski, P., & Brown, G. G.
(1996). Low Birth Weight and Neurocognitive Status at Six Years of
Age. Biological Psychiatry, 40: 389–397.

Breslau, N., Johnson, E. O., & Lucia, V. C. (2001). Academic achieve-
ment of low birthweight children at age 11: The role of cognitive
abilities at school entry. Journal of Abnormal Child Psychology, 29:
273–297.

Breslau, N., Paneth, N., & Lucia, V. C. (2004). The lingering academic
deficits of low birthweight children. Pediatrics, 114: 1035–1040.

Briscoe, J., Gathercole, S. E., & Marlow, N. (1998). Short-term memory
and language outcomes after extreme prematurity at birth. Journal
of Speech, Language, & Hearing Research, 41: 654–666.

Buck, G. M., Msall, M. E., Schisterman, E. F., Lyon, N. R., & Rogers, B.
T. (2000). Extreme prematurity and school outcomes. Paediatric
and Perinatal Epidemiology, 14: 324–331.

Buka, S. L., Lipsitt, L. P., & Tsuang, M. T. (1992). Emotional and be-
havioral development of low-birthweight infants. In S.L.Friedman
& M. D. Sigman (Eds.), The Psychological Development of Low Birth-
weight Children (pp. 187–214). Norwood, NJ: Ablex.

Butler, C. (1991). Walking: at what cost? In K.Jaffe (Ed.), Pediatric Re-
habilitation. Physical Medicine and Rehab Clinics of North America
(No 4. ed.) Philadelphia: WB Saunders.

Carlsson, M., Hagberg, G., & Olsson, I. (2003). Clinical and aetiolog-
ical aspects of epilepsy in children with cerebral palsy. Developmen-
tal Medicine & Child Neurology, 45: 371–376.

Carr-Hill, R. A., & Hall, M. H. (1985). The repetition of spontaneous
preterm labour. British Journal of Obstetrics & Gynaecology, 92: 921–
928.

Chamnanvanakij, S., Rogers, C. G., Luppino,  C. L., Broyles, S. R., Hick-
man, J. and Perlman J. M . (2000). Linear hyperechogenicity within
the basal ganglia and thalamus of preterm infants. Pediatric Neurol-
ogy, 23:129-133.

Chapieski, M. L., & Evankovich, K. D. (1997). Behavioral effects of pre-
maturity. Seminars in Perinatology, 21: 221–239.

Chilcoat, H. D., & Breslau, N. (2002). Low birth weight as a vulnera-
bility marker for early drug use. Experimental and Clinical Psy-
chopharmacology, 10: 104–112.

Cohen, M. E., & Duffner, P. K. (1981). Prognostic indicators in hemi-
paretic cerebral palsy. Annals of Neurology, 9: 353–357.

Colver, A. F., & Sethumadhavan, T. (2003). The term diplegia should
be abandoned. Archives of Disease in Childhood, 88: 286–290.

Cooke, R. W., & Abernethy, L. J. (1999). Cranial magnetic resonance
imaging and school performance in very low birth weight infants in
adolescence. Archives of Disease in Childhood Fetal & Neonatal Edi-
tion, 81: F116–F121.

Cooke, R. W. I. (2004). Health, lifestyle, and quality of life for young
adults born very preterm. Archives of Disease in Childhood, 89: 201–
206.

Corman, H., & Chaikind, S. (1998). The effect of low birthweight on
the school performance and behavior of school-aged children. Eco-
nomics of Education Review, 17: 307–316.

Counsell, S. J., Allsop, J. M., Harrison, M. C., Larkman, D. J., Kennea,
N. L., Kapellou, O., et al. (2003). Diffusion-weighted imaging of
the brain in preterm infants with focal and diffuse white matter ab-
normality. Pediatrics, 112: 1–7.

Counsell, S. J., Rutherford, M. A., Cowan, F. M., & Edwards, A. D.
(2003). Magnetic resonance imaging of preterm brain injury.
Archives of Disease in Childhood—Fetal and Neonatal Edition, 88:
F269–F274.

Cummins, S. K., Nelson, K. B., Grether, J. K., & Velie, E.M. (1993).
Cerebral palsy in four northern California counties, births 1983
through 1985. Journal of Pediatrics, 123: 230–237.

Cunningham, F. G., MacDonald, P. C., Gant, N. F., Leveno, K. J.,
Gilstrap, L. C., & Hawkins, G. D. V. (1997). Parturition. In Williams
Obstetrics (20th ed., pp. 261–317). Stamford, CT: Appleton & Lange.

Curtis, W. J., Lindeke, L. L., Georgieff, M. K., & Nelson, C.A. (2002).
Neurobehavioural functioning in neonatal intensive care unit grad-
uates in late childhood and early adolescence. Brain, 125: 1646–
1659.

de Rogalski, L.I., Minokoshi, M., Silveira, D. C., Cha, B. H., & Holmes,
G. L. (2001). Recurrent neonatal seizures: relationship of pathol-
ogy to the electroencephalogram and cognition. Brain Research
Developmental Brain Research, 129: 27–38.

den Ouden, L., Rijken, M., Brand, R., Verloove-Vanhorick, S. P., &
Ruys, J. H. (1991). Is it correct to correct? Developmental mile-
stones in 555 “normal” preterm infants compared with term in-
fants. Journal of Pediatrics, 118: 399–404.

Edgar, T. S. (2001). Clinical utility of botulinum toxin in the treatment
of cerebral palsy: comprehensive review. Journal of Child Neurology,
16: 37–46.

Ekwo, E. E., Gosselink, C. A., & Moawad, A. (1992). Unfavorable out-
come in penultimate pregnancy and premature rupture of mem-
branes in successive pregnancy. Obstetrics & Gynecology, 80: 166–
172.

Elgen, I., & Sommerfelt, K. (2002). Low birthweight children: coping
in school? Acta Paediatrica, 91: 939–945.

Emond, A., Golding, J., & Peckham, C. (1989). Cerebral palsy in two na-
tional cohort studies. Archives of Disease in Childhood, 64: 848– 852.

Fedrizzi, E., Inverno, M., Grazia Bruzzone, M., Botteon, G., Saletti, V.,
& Farinotti, M. (1996). MRI features of cerebral lesions and cogni-
tive functions in preterm spastic diplegic children. Pediatric Neurol-
ogy, 15: 207–212.

Feingold, E., Sheir-Neiss, G., Melnychuk, J., Bachrach, S., & Paul, D.
(2002). HRQL and severity of brain ultrasound findings in a cohort
of adolescents who were born preterm. Journal of Adolescent Health,
31: 234–239.

Fennell, E. B., & Dikel, T. N. (2001). Cognitive and neuropsychologi-
cal functioning in children with cerebral palsy. Journal of Child Neu-
rology, 16: 58–63.

Ferrari, F., Cioni, G., Einspieler, C., Roversi, M. F., Bos, A. F., Paolicelli,
P. B., et al. (2002). Cramped synchronized general movements in
preterm infants as an early marker for cerebral palsy. [see com-
ment]. Archives of Pediatrics & Adolescent Medicine, 156: 460–467.

Ford, G. W., Doyle, L. W., Davis, N. M., & Callanan, C. (2000). Very
low birth weight and growth into adolescence. Archives of Pediatrics
Adolescent Medicine, 154: 778–784.

Ford, G. W., Kitchen, W. H., Doyle, L. W., Rickards, A. L., & Kelly, E.
(1990). Changing diagnosis of cerebral palsy in very low birth-
weight children. American Journal of Perinatology, 7: 178–181.

Foulder-Hughes, L. A., & Cooke, R. W. I. (2003). Motor, cognitive, and
behavioural disorders in children born very preterm. Developmental
Medicine and Child Neurology, 45: 97–103.

Frisk, V., & Whyte, H. (1994). The long-term consequences of periven-
tricular brain damage on language and verbal memory. Develop-
mental Neuropsychology, 10: 313–333.

Ganat, Y., Soni, S., Chacon, M., Schwartz, M. L., & Vaccarino, F. M.
(2002). Chronic hypoxia up-regulates fibroblast growth factor lig-
ands in the perinatal brain and induces fibroblast growth factor-re-
sponsive radial glial cells in the sub-ependymal zone. Neuroscience,
112: 977–991.

Gibbs, R. S., Rosenberg, A. R., Warren, C. J., Galan, H. L., & Rumack,
C. M. (2004). Suggestions for practice to accompany neonatal en-
cephalopathy and cerebral palsy. Obstetrics & Gynecology, 103: 778–
779.

Goodman, R., & Yude, C. (1996). IQ and its predictors in childhood
hemiplegia. Developmental Medicine & Child Neurology, 38: 881–
890.

Grantham-McGregor, S. M. (1998). Small for gestational age, term ba-
bies, in the first six years of life. European Journal of Clinical Nutri-
tion, 52 Sup 1: S59–S64.

Chapter 23: Prematurity and Cerebral Palsy 501

75191_ch23.qxd  9/28/05  23:23  Page 501



Green, N. S., Damus, K., Simpson, J. L., et al. and the March of Dimes
Scientific Advisory Committee on Prematurity (2005) American
Journal of Obstetrics and Gynecology 193:626-635.

Grether, J. K., Nelson, K. B., Walsh, E., Willoughby, R. E., & Redline, R.
W. (2003). Intrauterine exposure to infection and risk of cerebral
palsy in very preterm infants. Archives of Pediatrics & Adolescent
Medicine, 157: 26–32.

Gross-Tsur, V., Shalev, R. S., Badihi, N., & Manor, O. (2002). Efficacy
of methylphenidate in patients with cerebral palsy and attention-
deficit hyperactivity disorder (ADHD). Journal of Child Neurology,
17: 863–866.

Grunau, R. (2002). Early pain in preterm infants. A model of long-
term effects. Clinics in Perinatology, 29: 373–394.

Gupta, R., & Appleton, R. E. (2001). Cerebral palsy: not always what it
seems. Archives of Disease in Childhood, 85: 356–360.

Gyetvai, K., Hannah, M. E., Hodnett, E. D., & Ohlsson, A. (1999). To-
colytics for preterm labor: a systematic review. Obstetrics & Gynecol-
ogy, 94: 869–877.

Hack, M., & Fanaroff, A. A. (2000). Outcomes of children of extremely
low birthweight and gestational age in the 1990s. Seminars in
Neonatology, 5: 89–106.

Hack, M., Flannery, D. J., Schluchter, M., Cartar, L., Borawski, E., &
Klein, N. (2002). Outcomes in Young Adulthood for Very-Low-
Birth-Weight Infants. New England Journal of Medicine, 346: 149–
157.

Hagberg, B., Hagberg, G., Beckung, E., & Uvebrant, P. (2001). Chang-
ing panorama of cerebral palsy in Sweden. VIII. Prevalence and
origin in the birth year period 1991–94. Acta Paediatrica, 90: 271–
277.

Harrison, H. (2002). Letter to the editor re “Outcomes in young adult-
hood for very-low-birth-weight infants.” New England Journal of
Medicine, 347: 141.

Hård, A. L., Niklasson, A., Svensson, E., & Hellström, A. (2000). Vi-
sual function in school-aged children born before 29 weeks of
gestation: a population-based study. Developmental Medicine &
Child Neurology, 42: 100–105.

Henriksen, T., & Clausen, T. (2002). The fetal origins hypothesis: pla-
cental insufficiency and inheritance versus maternal malnutrition
in well-nourished populations. Acta Obstetricia et Gynecologica Scan-
dinavica, 81: 112–114.

Herrgard, E., Luoma, L., Tuppurainen, K., Karjalainen, S., & Mar-
tikainen, A. (1993). Neurodevelopmental profile at five years of
children born at ��32 weeks gestation. Developmental Medicine
and Child Neurology, 35: 1083–1096.

Heuchan, A. M., Evans, N., Henderson Smart, D. J., & Simpson, J. M.
(2002). Perinatal risk factors for major intraventricular haemor-
rhage in the Australian and New Zealand Neonatal Network,
1995–97. Archives of Disease in Childhood Fetal & Neonatal Edition,
86: F86–F90.

Hille, E. T., Den Ouden, A. L., Saigal, S., Wolke, D., Lambert, M.,
Whitaker, A., et al. (2001). Behavioural problems in children who
weigh 1000 g or less at birth in four countries. Lancet, 357: 1641–
1643.

Hindmarsh, G. J., O’Callaghan, M. J., Mohay, H. A., & Rogers, Y. M.
(2000). Gender differences in cognitive abilities at 2 years in ELBW
infants. Early Human Development, 60: 115–122.

Honeycutt, A., Dunlap, L., Chen, H., & Homsi, G. (2004). Economic
costs associated with mental retardation, cerebral palsy, hearing
loss, and vision impairment—United States, 2003. Morbidity and
Mortality Weekly Report, 53: 57–59.

Horwood, L. J., Mogridge, N., & Darlow, B. A. (1998). Cognitive, edu-
cational, and behavioural outcomes at 7 to 8 years in a national
very low birthweight cohort. Archives of Disease in Childhood—Fetal
and Neonatal Edition, 79: F12–F20.

Huppi, P. S., Maier, S. E., Peled, S., Zientara, G. P., Barnes, P. D., Jolesz,
F. A., et al. (1998a). Microstructural development of human new-
born cerebral white matter assessed in vivo by diffusion tensor
magnetic resonance imaging. Pediatric Research, 44: 584–590.

Huppi, P. S., Murphy, B., Maier, S. E., Zientara, G. P., Inder, T. E.,
Barnes, P. D., et al. (2001). Microstructural brain development af-
ter perinatal cerebral white matter injury assessed by diffusion ten-
sor magnetic resonance imaging. Pediatrics, 107: 455–460.

Huppi, P. S., Warfield, S., Kikinis, R., Barnes, P. D., Zientara, G. P.,
Jolesz, F. A., et al. (1998b). Quantitative magnetic resonance imag-

ing of brain development in premature and mature newborns.
Annals of Neurology, 43: 224–235.

Hutton, J. L., & Pharoah, P. O. (2002). Effects of cognitive, motor, and
sensory disabilities on survival in cerebral palsy. Archives of Disease
in Childhood, 86: 84–89.

Ingemarsson,  I. (2003). Gender aspects of preterm birth. BJOG: an
International Journal of Obstetrics and Gynaecology, 110 Suppl
20:34–38.

Isaacs, E. B., Edmonds, C. J., Lucas, A., & Gadian, D. G. (2001). Calcu-
lation difficulties in children of very low birthweight: A neural cor-
relate. Brain, 124: 1701–1707.

Isaacs, E. B., Lucas, A., Chong, W. K., Wood, S. J., Johnson, C. L., Mar-
shall. C., et al. (2000). Hippocampal volume and everyday mem-
ory in children of very low birth weight. Pediatric Research, 47: 713–
720.

Ito, J., Saijo, H., Araki, A., Tanaka, H., Tasaki, T., Cho, K., et al. (1996).
Assessment of visuoperceptual disturbance in children with spastic
diplegia using measurements of the lateral ventricles on cerebral
MRI. Developmental Medicine & Child Neurology, 38: 496–502.

Johnson, E. O. & Breslau, N. (2000). Increased risk of learning dis-
abilities in low birthweight boys at age 11 years. Biological Psychia-
try, 47: 490–500.

Kiely, J. L., & Paneth, N. (1981). Follow-up studies of low-birthweight
infants: Suggestions for design, analysis and reporting. Developmen-
tal Medicine & Child Neurology, 23: 96–101.

King, G., King, S., Rosenbaum, P., & Goffin, R. (1999). Family-cen-
tered caregiving and well-being of parents of children with disabil-
ities: Linking process with outcome. Journal of Pediatric Psychology,
24: Feb-53.

King, S. M., Rosenbaum, P. L., & King, G. A. (1996). Parents’ percep-
tions of caregiving: development and validation of a measure of
processes. Developmental Medicine & Child Neurology, 38: 757–772.

Kitchen, W. H., Ford, G. W., Murton, L. J., Rickards, A., Ryan, M. M.,
Lissenden, J. V., et al. (1985). Mortality and two year outcome of in-
fants of birthweight 500–1500 g: Relationships with neonatal cere-
bral ultrasound data. Australian Paediatric Journal, 21: 253–259.

Klebanov, P. K., Brooks-Gunn, J., & McCormick, M. C. (1994). School
achievement and failure in very low birth weight children. Develop-
mental and Behavioral Pediatrics, 15: 248–256.

Koman, L. A., Smith, B. P., & Shilt, J. S. (2004). Cerebral Palsy. Lancet,
363: 1619–1631.

Kunugi, H. N. (2001). Obstetric complications and schizophrenia:
prenatal underdevelopment and subsequent neurodevelopmental
impairment. British Journal of Psychiatry, 178: S25–S29.

Largo, R. H., Molinari, L., Pinto, L. C., Weber, M., & Duc, G. (1986).
Language development of term and preterm children during the
first five years of life. Developmental Medicine and Child Neurology,
28: 333–350.

Le Normand, M. T., & Cohen, H. (1999). The delayed emergence of
lexical morphology in preterm children: the case of verbs. Journal of
Neurolinguistics, 12: 235–246.

Levene, M., Dowling, S., Graham, M., Fogelman, K., Galton, M., &
Phillips, M. (1992). Impaired motor function (clumsiness) in 5
year old children: Correlation with neonatal ultrasound scans.
Archives of Disease in Childhood, 67: 687–690.

Leviton, A., & Gilles, F. (1997).Ventriculomegaly, delayed myelina-
tion, white matter hypoplasia and “periventricular” leukomalacia:
How are they related? Pediatric Neurology, 15: 127–135.

Leviton, A., Paneth,N., Reuss, M. L., Susser, M., Allred, E. N.,
Dammann, O., et al. (1999). Maternal infection, fetal inflamma-
tory response, and brain damage in very low birth weight infants.
Developmental Epidemiology Network Investigators. Pediatric Re-
search, 46: 566–575.

Levy, S. R., Abroms, I. F., Marshall, P. C., & Rosquete, E. E. (1985).
Seizures and cerebral infarction in the full-term newborn. Annals of
Neurology, 17: 366–370.

Lockwood, C. J., & Kuczynski, E. (2001). Risk stratification and patho-
logical mechanisms in preterm delivery. Paediatric and Perinatal
Epidemiology, 15: 78–89.

Luciana, M. (2003). Cognitive development in children born preterm:
Implications for theories of brain plasticity following early injury.
Development and Psychopathology, 15: 1017–1047.

Luciana, M., Lindeke, L., Georgieff, M., Mills, M., & Nelson, C. (1999),
Neurobehavioral evidence for working-memory deficits in school-

502 Section III: Neuropsychiatric Aspects of Neurologic Disorders of Children and Adolescents 

75191_ch23.qxd  10/5/05  22:07  Page 502



aged children with histories of prematurity. Developmental Medicine
& Child Neurology, 41: 521-533.

Luoma, L., Herrgard, E., & Martikainen, A. (1998). Neuropsychologi-
cal analysis of the visuomotor problems in children born preterm
at , or iqual to 32 weeks of gestation: a 5-year prospective follow-
up. Developmental Medicine and Child Neurology, 40: 21–30.

Marin-Padilla, M. (1997). Developmental neuropathology and im-
pact of perinatal brain damage. II: white matter lesions of the neo-
cortex. Journal of Neuropathology & Experimental Neurology, 56: 219–
235.

Marin-Padilla, M. (1999). Developmental neuropathology and im-
pact of perinatal brain damage. III: gray matter lesions of the neo-
cortex. Journal of Neuropathology & Experimental Neurology, 58: 407–
429.

Marlow, N., Roberts, B. L., & Cooke, R. W. I. (1989). Motor skills in ex-
tremely low birthweight children at the age of 6 years. Archives of
Disease in Childhood, 64: 839–847.

Mathews, T. J., Menacker, F., & MacDorman, M. F. (2002). Infant mor-
tality statistics from the 2000 period linked birth/infant death data
set. National Vital Statistics Reports, 50: 1–28.

Mattison, D. R., Damus, K., Fiore, E., Petrini, J., & Alter, C. (2001).
Preterm delivery: a public health perspective. Pediatric and Perinatal
Epidemiology, 15: 7–16.

McClellan, R., & Novak, D. (2001). Fetal nutrition: how we become
what we are. Journal of Pediatric Gastroenterology & Nutrition, 33:
233–244.

McDermott, S., Coker, A. L., Mani, S., Krishnaswami, S., Nagle, R. J.,
Barnett-Queen, L. L., et al. (1996). A population-based analysis of
behavior problems in children with cerebral palsy. Journal of Pedi-
atric Psychology, 21: 447–463.

Ment, L. R., Bada, H. S., Barnes, P., Grant, P. E., Hirtz, D., Papile, L. A.,
et al. (2002). Practice parameter: neuroimaging of the neonate: re-
port of the Quality Standards Subcommittee of the American
Academy of Neurology and the Practice Committee of the Child
Neurology Society. Neurology, 58: 1726–1738.

Ment, L. R., Duncan, C. C., & Ehrenkranz, R. A. (1984). Perinatal cere-
bral infarction. Annals of Neurology, 16: 559–568.

Ment, L. R., Vohr, B., Allan, W., Westerveld, M., Katz, K. H., Schneider,
K. C., et al. (1999). The etiology and outcome of cerebral ventricu-
lomegaly at term in very low birth weight preterm infants. Pedi-
atrics, 104: 243–248.

Mercuri, E., He, J., Curati, W. L., Dubowitz, L. M., Cowan, F. M., & By-
dder, G. M. (1997). Cerebellar infarction and atrophy in infants
and children with a history of premature birth. Pediatric Radiology,
27: 139–143.

Merrill, J. D., Piecuch, R. E., Fell, S. C., Barkovich, A. J., & Goldstein, R.
B. (1998). A new pattern of cerebellar hemorrhages in preterm in-
fants. Pediatrics, 102: E62.

Moutquin, J-M. (2003). Classification and heterogeneity of preterm
birth. BJOG: an International Journal of Obstetrics & Gynaecology, 110:
30–33.

Msall, M. E., & Tremont, M. R. (2002a). Measuring functional out-
comes after prematurity: Developmental impact of very low birth
weight and extremely low birth weight status on childhood dis-
ability. Mental Retardation and Developmental Disabilities Research
Reviews, 8: 258–272.

Msall, M. E., & Tremont, M. R. (2002b). Measuring functional out-
comes after prematurity: developmental impact of very low birth
weight and extremely low birth weight status on childhood dis-
ability. Mental Retardation & Developmental Disabilities Research Re-
views, 8: 258–272.

Mutch, L., Alberman, E., Hagberg, B., Kodama, K., & Perat, M. V. (1992).
Cerebral palsy epidemiology: where are we now and where are we
going? Developmental Medicine & Child Neurology, 34: 54– 551.

Muter, V., Taylor, S., & Vargha-Khadem, F. (1997). A longitudinal
study of early intellectual development in hemiplegic children.
Neuropsychologia, 35: 289–298.

Nelson, C. A. (1995). The ontogeny of human memory - a cognitive
neuroscience perspective. Developmental Psychology, 31: 723–738.

Nelson, K. B., & Ellenberg, J. H. (1978). Epidemiology of cerebral
palsy. In B. S. Schoenberg (Ed.), Advances in Neurology (pp. 421–
435). New York: Raven Press.

Nelson, K. B., & Ellenberg, J. H. (1982). Children who ‘outgrew’ cere-
bral palsy. Pediatrics, 69: 529–536.

Nelson, K. B., & Ellenberg, J. H. (1986). Antecedents of cerebral palsy.
Multivariate analysis of risk. New England Journal of Medicine, 315:
81–86.

Nelson, K. B., & Grether, J. K. (1999). Causes of cerebral palsy. Current
Opinion in Pediatrics, 11: 487–491.

Nosarti, C., Al Asady, M. H., Frangou, S., Stewart, A. L., Rifkin, L., &
Murray, R. M. (2002). Adolescents who were born very preterm
have decreased brain volumes. Brain, 125: 1616–1623.

O’Callaghan, M. J., Burns, Y. R., Gray, P. H., Harvey, J. M., Mohay H.,
Rogers, Y. M., et al. (1996). School performance of ELBW children:
a controlled study. Developmental Medicine and Child Neurology, 38:
917–926.

Okoshi, Y., Itoh, M., Takashima, S. (2001) Characteristic neu-
ropathology and plasticity in periventricular leukomalacia. Pedi-
atric Neurology, 256: 221-226.

Palisano, R. J., Rosenbaum, P. L., Walter, S. D., Russell, D. J., Wood, E.
P., & Galuppi, B. E. (1997a). Development and reliability of a sys-
tem to classify gross motor function in children with cerebral palsy.
Developmental Medicine & Child Neurology, 39: 214–223.

Palisano, R. J., Rosenbaum, P. L., Walter, S. D., Russell, D. J., Wood, E.
P., & Galupppi, B. E. (1997b). Development and reliability of a sys-
tem to classify gross motor function in children with cerebral palsy.
Developmental Medicine & Child Neurology, 39: 214–223.

Paneth, N. & Kiely, J. (1984). The frequency of cerebral palsy: a review
of population studies in industrialised nations since 1950. In F.
Stanley & E. Alberman (Eds.), The epidemiology of the cerebral palsies
(pp. 46–56). London, England: Spastics International.

Paneth, N., & Susser, M. (1995). Early origin of coronary heart disease
(the “Barker hypothesis”). British Medical Journal, 310: 411–412,.

Paneth, N., Ahmed, F., & Stein, A. D. (1996). Early nutritional origins
of hypertension: a hypothesis still lacking support. Journal of Hy-
pertension—Supplement 14: S121–S129.

Paneth, N., Rudelli, R., Monte, W., et al. White matter necrosis in very
low birthweight infants: Neuropathologic and ultrasonographic
findings in infants surviving six days or more. J Pediatrics 1990;
116:975-984.

Paneth, N., Bishai, S., Qui, H., et al. (2003) Reliability of cerebral
palsy diagnosis across international cohorts of low birth weight
infants. Developmental Medicine and Child Neurology 45:628-
633.

Papile, L. A., Musick-Bruno, G., & Schafer, A. (1983). Relationship of
cerebral interventricular hemorrhage and early childhood neuro-
logic handicaps. Journal of Pediatrics, 103: 273–277.

Perlman, J. M. (2001). Neurobehavioral Deficits in Premature Gradu-
ates of Intensive Care—Potential Medical and Neonatal Environ-
mental Risk Factors. Pediatrics, 108:1339–1348.

Perlman, J. M. (2003). The genesis of cognitive and behavioral deficits
in premature graduates of intensive care. Minerva Pediatrica, 55: 89–
101.

Perlman, J. M., & Volpe, J. J. (1989). Movement disorder of premature
infants with severe bronchopulmonary dysplasia: A new syndrome.
Pediatrics, 84: 215–218.

Peterson, B. S., Vohr, B., Kane, M. J., Whalen, D. H., Schneider, K. C.,
Katz, K. H., et al. (2002). A functional magnetic resonance imaging
study of language processing and its cognitive correlates in prema-
turely born children. Pediatrics, 110: 1153–1162.

Pinto-Martin, J.A., Riolo, S., Cnaan, A., Holzman, C., Susser, M.W.,
and Paneth, N. (1995). Cranial ultrasound prediction of disabling
and non-disabling cerebral palsy at age two in a low birthweight
population. Pediatrics, 95:249-254.

Pinto-Martin, J., Whitaker, A., Feldman, J., Cnaan, A., Zhao, H.,
Rosen-Bloch, J., et al. (2004). Special education services and
school performance in a regional cohort of low-birthweight in-
fants at age nine. Paediatric and Perinatal Epidemiology, 18: 120–
129.

Pinto-Martin, J. A., Riolo, S., Cnaan, A., Holzman, C., Susser, M. W., &
Paneth, N. (1995). Cranial ultrasound prediction of disabling and
non-disabling cerebral palsy at age two in a low birthweight popu-
lation. Pediatrics, 95: 249–254.

Pinto-Martin, J. A., Whitaker, A. H., Feldman, J. F., Van Rossem, R., &
Paneth, N. (1999). Relation of cranial ultrasound abnormalities in
low-birthweight infants to motor or cognitive performance at ages
2, 6, and 9 years. Developmental Medicine & Child Neurology, 41:
826–833.

Chapter 23: Prematurity and Cerebral Palsy 503

75191_ch23.qxd  9/28/05  23:23  Page 503



Powls, A., Botting, N., Cooke, R. W., Stephenson, G., & Marlow, N.
(1997). Visual impairment in very low birthweight children. Archives
of Disease in Childhood—Fetal & Neonatal Edition, 76: F82–F87.

Raz, S., Lauterbach, M. D., Hopkins, T. L., Porter, C. L., Riggs, W. W., &
Sander, C. J. (1995). Severity of perinatal cerebral injury and devel-
opmental outcome: A dose-response relationship. Neuropsychology,
9: 91–101.

Richards, J. E. (1994). Baseline respiratory sinus arrhythmia and heart
rate responses during sustained visual attention in preterm infants
from 3 to 6 months of age. Psychophysiology, 31: 235–243.

Rickards, A. L., Kelly, E. A., Doyle, L. W., & Callanan, C. (2001). Cog-
nition, academic progress, behavior, and self-concept at 14 years of
very low birth weight children. Developmental and Behavioral Pedi-
atrics, 22: 11–18.

Rondo, P. H., Ferreira, R. F., Nogueira, F., Ribeiro, M. C., Lobert, H., &
Artes, R. (2003). Maternal psychological stress and distress as pre-
dictors of low birth weight, prematurity and intrauterine growth re-
tardation. European Journal of Clinical Nutrition, 57: 266–272.

Rose, S. A., & Feldman, J. F. (1996). Memory and processing speed in
preterm children at eleven years: A comparison with full-terms. De-
velopmental Psychology, 67: 2001–2005.

Rose, S. A., Feldman, J. F., & Jankowski, J. J. (2004). Infant visual recog-
nition memory. Developmental Review, 24: 74–100.

Rose, S. A., Feldman, J. F., Rose, S. L., Wallace, I. F., & McCarton, C.
(1992). Behavior problems at 3 and 6 years: Prevalence and conti-
nuity in full-terms and preterms. Development and Psychopathology,
4: 361–374.

Rosenbaum, P. (2003). Cerebral palsy: what parents and doctors want
to know. British Medical Journal, 326: 970–974.

Rosenbaum, P. L., Walter, S. D., Hanna, S. E., Palisano, R. J., Russell,
D. J., Raina, P., et al. (2002). Prognosis for Gross Motor Function in
Cerebral Palsy: Creation of Motor Development Curves. J: The Jour-
nal of the American Medical Association, 288: 1357–1363.

Rudelli, R., Bingham, P., Paneth, N., & Kairam, R. (1987). The intrac-
erebellar hemorrhage—germinal matrix/choroid plexus hemor-
rhage association in very low birthweight neonates. Journal of Neu-
ropathology and Experimental Neurology, 46: 344.

Rushe, T. M., Rifkin, L., Stewart, A. L., Townsend, J. P., Roth, S. C., Wy-
att, J. S., et al. (2001). Neuropsychological outcome at adolescence
of very preterm birth and its relation to brain structure. Develop-
mental Medicine and Child Neurology, 43: 226–233.

Russman, B. S. (1992). Disorders of motor execution I: Cerebral Palsy.
In R. B. David (Ed.), Pediatric Neurology for the Clinician (pp. 469–
480). Norwalk, CN.: Appleton & Lange.

Rutter, M. (1989). Isle of Wight revisited: Twenty-five years of child
psychiatric epidemiology. Journal of the American Academy of Child
and Adolescent Psychiatry, 28: 633–653.

Sabbadini, M., Bonanni, R., Carlesimo, G. A., & Caltagirone, C.
(2001). Neuropsychological assessment of patients with severe
neuromotor and verbal disabilities. Journal of Intellectual Disability
Research, 45: 169–179.

Saigal, S. (2000). Follow-up of very low birthweight babies to adoles-
cence. Seminars in Neonatology, 5: 107–118.

Saigal, S., den Ouden, L., Wolke, D., Hoult, L., Paneth, N., Streiner, D.
L., et al. (2003a). School-age outcomes in children who were ex-
tremely low birth weight from four international population-based
cohorts. Pediatrics, 112: 943–950.

Saigal, S., Feeny, D., Rosenbaum, P., Furlong, W., Burrows, E., &
Stoskopf, B. (1996). Self-perceived health status and health related
quality of life of extremely low-birth-weight infants at adolescence.
Journal of the American Medical Association, 276: 453–459.

Saigal, S., Lambert, M., Russ, C., & Hoult, L. (2002). Self-esteem of
adolescents who were born prematurely. Pediatrics, 109: 429–433.

Sala, D.A. & Grant, A.D. (1995). Prognosis for ambulation in cere-
bral palsy. Developmental Medicine and Child Neurology, 37:1020-
1026.

Sanger, T. D. (2003). Pathophysiology of pediatric movement disor-
ders. Journal of Child Neurology, 18: S9–S24.

Santhouse, A. M., Ffytche, D. H., Howard, R. J., Williams, S. C., Stew-
art, A. L., Rooney, M., et al. (2002). The functional significance of
perinatal corpus callosum damage: an fMRI study in young adults.
Brain, 125: 1782–1792.

Scher, M. S., Aso, K., Beggarly, M. E., Hamid, M. Y., Steppe, D. A., &
Painter, M. J. (1993). Electrographic seizures in preterm and full-

term neonates: clinical correlates, associated brain lesions, and risk
for neurologic sequelae. Pediatrics, 91: 128–134.

Scher, M. S., Belfar, H., Martin, J., & Painter, M. J. (1991). Destructive
brain lesions of presumed fetal onset: antepartum causes of cere-
bral palsy. Pediatrics, 88: 898–906.

Scottish Low Birthweight Study Group. (1992). The Scottish Low Birth-
weight Study: II. Language attainment, cognitive status, and be-
havioural problems. Archives of Disease in Childhood, 67: 682– 686.

Sheth, R. D. (1998). Frequency of neurologic disorders in the neona-
tal intensive care unit. Journal of Child Neurology, 13: 424–428.

Shevell, M. I., Majnemer, A., & Morin, I. (2003). Etiologic yield of cere-
bral palsy: a contemporary case series. Pediatric Neurology, 28: 352–
359.

Skinner, R. A., & Piek, J. P. (2001). Psychosocial implications of poor
motor coordination in children and adolescents. Human Movement
Science, 20: 73–94.

Sloper P & Turner S. (1993) Determinants of parental satisfaction with
disclosure of disability. Developmental Medicine & Child Neurology,
35: 816–825.

Smith, G. N., Flynn, S. W., McCarthy, N., Meistrich, B., Ehmann, T. S.,
MacEwan, G. W., et al. (2001). Low birthweight in schizophrenia:
prematurity or poor fetal growth? Schizophrenia Research, 47: 177–
184.

Sommerfelt, K., Andersson, H. W., Sonnander, K., Ahlsten, G., Ellert-
sen, B., Markestad, T., et al. (2001). Behavior in term, small for ges-
tational age preschoolers. Early Human Development, 65: 107–121.

Stanley, F. J., Blair, E., & Alberman, E. (2000). Cerebral palsies: epidemiol-
ogy and causal pathways. (Vols. 151) London, England: MacKeith Press.

Stanley, F. J., & Watson, L. (1992). Trends in perinatal mortality and
cerebral palsy in Western Australia, 1967 to 1985. British Medical
Journal, 304: 1658–1663.

Stevenson, D. K., Wright, L. L., Lemons, J. A., Oh, W., Korones, S. B.,
Papile, L. A., et al. (1998). Very low birth weight outcomes of the
National Institute of Child Health and Human Development
Neonatal Research Network, January 1993 through December
1994. American Journal of Obstetrics & Gynecology, 179: 1632– 1639.

Stewart, A. L., Rifkin, L., Amess, P. N., Kirkbride, V., Townsend, J. P.,
Miller, D. H., et al. (1999). Brain structure and neurocognitive and
behavioural function in adolescents who were born very preterm.
Lancet, 353: 1653–1657.

Stewart, A. L., Thorburn, R. J., Hope, P. L., Goldsmith, M., Lipscomb,
A. P., & Reynolds, E. O. (1983). Ultrasound appearance of the brain
in very preterm infants and neurodevelopmental outcome at 18
months of age. Archives of Disease in Childhood, 58: 598–604.

Stiers, P., Vanderkelen, R., Vanneste, G., Coene, S., De Rammelaere,
M., & Vandenbussche, E. (2002). Visual-perceptual impairment in
a random sample of children with cerebral palsy. Developmental
Medicine & Child Neurology, 44: 370–382.

Stiles, J., Reilly, J., Paul, B., & Moses, P. (2005) Cognitive development
following early brain injury: evidence for neural adaptation. Trends
in Cognitive Sciences, 9:136-143.

Strauss, R. S. (2000). Adult functional outcome of those born small for
gestational age - Twenty-six-year follow-up of the 1970 British Birth
Cohort. Journal of the American Medical Association, 283: 625–632.

Sullivan, M. C., & McGrath, M. M. (2003). Perinatal morbidity, mild
motor delay, and later school outcomes. Developmental Medicine
and Child Neurology, 45: 104–112.

Szatmari, P., Saigal, S., Rosenbaum, P., & Campbell, D. (1993). Psy-
chopathology and adaptive functioning among extremely low
birthweight children at eight years of age. Development and Psy-
chopathology, 5: 345–357.

Szatmari, P., Saigal, S., Rosenbaum, P., Campbell, D., & King, S.
(1990). Psychiatric disorders at five years among children with
birthweights � 1000g: A regional perspective. Developmental
Medicine and Child Neurology, 32: 954–962.

Taylor, H. G., Hack, M., Klein, N., & Schatschneider, C. (1995).
Achievement in children with birth weights less than 750 grams
with normal cognitive abilities: evidence for specific learning dis-
abilities. Journal of Pediatric Psychology, 20: 703–719.

Taylor, H. G., Klein, N., Minich, N. M., & Hack, M. (2000). Verbal
memory deficits in children with less than 750 g birth weight. Child
Neuropsychology, 6: 49–63.

Taylor, H. G., Klein, N., Schatschneider, C., & Hack, M. (1998). Pre-
dictors of early school age outcomes in very low birth weight chil-
dren. Developmental and Behavioral Pediatrics, 19: 238–243.

504 Section III: Neuropsychiatric Aspects of Neurologic Disorders of Children and Adolescents 

75191_ch23.qxd  10/5/05  22:07  Page 504



Theunissen, N. C. M., den Ouden, A. L., Meulman, J. J., Koopman, H.
M., Verloove-Vanhorick, S. P., & Wit, J. M. (2000). Health status de-
velopment in a cohort of preterm children. The Journal of Pediatrics,
137: 534–539.

Truwit, C. L., Barkovich, A. J., Koch, T. K., & Ferriero, D. M. (1992).
Cerebral palsy: MR findings in 40 patients. American Journal of Neu-
roradiology, 13: 67–78.

Vaccarino, F. M., & Ment, L. R. (2004). Injury and repair in developing
brain. Archives of Disease in Childhood—Fetal & Neonatal Edition, 89:
F190–F192.

van Bogaert, P., Baleriaux, D., Christophe, C., & Szliwowski, H. B.
(1992). MRI of patients with cerebral palsy and normal CT scan.
Neuroradiology, 34: 52–56.

Vargha-Khadem, F., Isaacs, E., van der Werf, S., Robb, S., & Wilson, J.
(1992). Development of intelligence and memory in children with
hemiplegic cerebral palsy. The deleterious consequences of early
seizures. Brain, 115: 315–329.

Vatten, L. J., & Skjærven, R. (2004). Offspring sex and pregnancy out-
come by length of gestation. Early Human Development, 76: 47–54.

Volpe, J. J. (2001). Neurology of the Newborn. (4th ed.) Philadelphia,
W.B. Saunders Company.

Volpe, J. J. (2003). Cerebral white matter injury of the premature in-
fant—More common than you think. Pediatrics, 112: 176–180.

Walther, F. J., Den Ouden, A. L., & Verloove-Vanhorick, S. P. (2000).
Looking back in time: Outcome of a national cohort of very
preterm infants born in The Netherlands in 1983. Early Human De-
velopment, 59: 175–191.

Ward, K. (2003). Genetic factors in preterm birth. BJOG: an Interna-
tional Journal of Obstetrics & Gynaecology, 110: 117.

Whitaker, A., Van Rossem, R., Feldman, J., Schonfeld, I. S., Pinto-
Martin, J., Torre, C., et al. (1997). Psychiatric outcomes in low

birthweight children at age six: Relation to neonatal cranial ultra-
sound abnormalities. Archives of General Psychiatry, 54: 847– 856.

Whitaker, A. H., Feldman, J. F., Van Rossem, R., Schonfeld, I. S., Pinto-
Martin, J. A., et al. (1996). Neonatal cranial ultrasound abnormali-
ties in LBW infants: Relation to cognitive outcomes at age six. Pedi-
atrics, 98: 719–729.

Whitfield, M. F., Grunau, R. V. E., and Holsti, L. (1997) Extremely pre-
mature (�800 g) schoolchildren; multiple areas of hidden disabil-
ity. Arch Dis Child, 7: F85-F90.

Wiklund, L. M., & Uvebrant, P. (1991). Hemiplegic cerebral palsy: cor-
relation between CT morphology and clinical findings. Develop-
mental Medicine & Child Neurology, 33: 512–523.

Winter, S., Autry, A., Boyle, C., & Yeargin-Allsopp, M. (2002). Trends
in the prevalence of cerebral palsy in a population-based study.
Pediatrics, 110: 1220–1225.

Wolke, D., & Meyer, R. (1999). Cognitive status, language attainment,
and prereading skills of 6-year-old very preterm children and their
peers: the Bavarian Longitudinal Study. Developmental Medicine and
Child Neurology, 41: 94–109.

World Health Organization. (2001). International classification of im-
pairment, activity, and participation. Geneva, Switzerland: WHO.

Yude, C., & Goodman, R. (1999). Peer problems of 9- to 11-year-old
children with hemiplegia in mainstream schools. Can these be pre-
dicted? Developmental Medicine & Child Neurology, 41:4–8.

Zeitlin, J., Saurel-Cubizolles, M. J., de Mouzon, J., Rivera, L., Ancel, P.
Y., Blondel, B., et al. (2002). Fetal sex and preterm birth: are males
at greater risk? Human Reproduction, 17: 2762–2768.

Zubrick, S.R., Kurinczuk, J. J., McDermott, B. M. C., McKelvey, R. S.,
Silburn, S. R., & Davies, L. C. (2000). Fetal growth and subsequent
mental health problems in children aged 4 to 13 years. Develop-
mental Medicine & Child Neurology, 42:14–20.

Chapter 23: Prematurity and Cerebral Palsy 505

75191_ch23.qxd  9/28/05  23:23  Page 505



75191_ch23.qxd  9/28/05  23:23  Page 506



Traumatic brain injury in children and adolescents reflects
a complex interplay of neurobiological and psychosocial
factors; it is not a unitary entity. The child’s age at the time
of injury plays a significant role in the etiology and sever-
ity of the trauma, as well as in associated medical compli-
cations and outcome. Subsequent development, as well as
psychosocial factors, also has an impact on recovery.
There are also substantial methodological issues related to
the measurement of the severity of the injury and the
outcome.

In this chapter, the multiple mechanisms of injury and
the unique features of the immature brain are reviewed. In
addition, outcome studies are critically evaluated. This
information provides a framework for a rational approach
to the choice of treatments. To provide a broad conceptual
framework, this chapter deals with studies of adults with
traumatic brain injury as well. The response of the child’s
nervous system to other forms of brain injury (e.g., strokes)
is reviewed. The neurocognitive and neurobehavioral
outcomes are considered separately and cover issues such
as severity of injury, age at injury, lesion location, and the
influence of psychosocial factors. Finally, guidelines for the
diagnosis and management of neurobehavioral disorders
secondary to traumatic brain injury are discussed.

TERMINOLOGY

The terms head injury and brain injury are frequently used
synonymously with traumatic brain injury but are less pre-
cise. Head injury also includes lacerations or external
trauma to the face and head, as well as intracranial events;
brain injury, a less specific term, is applicable to nontrau-
matic insults, such as cerebrovascular events or tumors.
Traumatic brain injury, a far more precise term, is defined as
physical damage or impairment in function of the brain
secondary to the exchange of acute mechanical energy. This
definition typically excludes brain injury resulting from

birth trauma; poisoning and asphyxia; soft tissue injuries to
the face and scalp; or nondepressed skull fracture (Fife et al.
1986). Concussion is an elusive term with a history that
dates to the middle ages. It has come to mean different
things over the years but in 1966, the Congress of Neuro-
logic Surgeons developed a consensual definition recogniz-
ing a concussion as an immediate and transient disruption
of neural function. This is essentially synonymous with
mild traumatic brain injury, and both terms are used in this
chapter.

Traumatic brain injury is further classified as either
“open” or “closed.” These two types of traumatic brain in-
jury differ substantially in both the pattern of brain injury
and the associated neurobehavioral outcome. Open trau-
matic head injury occurs when the skull has been pene-
trated, such as with missile wounds or depressed fractures.
In missile wounds, the extent of the neuroanatomic dis-
ruption is dependent on the path and velocity of the object
or bullet, the scatter of bone chips, and the contusion and
cerebral edema resulting from the entry wound (Bigler
1991). In contrast, closed traumatic brain injury typically re-
sults from rapid acceleration and deceleration injuries of
the brain within the cranium as a result of high-speed
accidents with sudden impact. In this situation, damage to
the brain results from cerebral edema, hemorrhage, and
ischemia (Jennett and Teasdale 1981).

CLASSIFICATION AND MEASUREMENT
IN TRAUMATIC BRAIN INJURY

Level of consciousness, overall somatic injury, extent and
duration of posttraumatic amnesia, other cognitive and
neurobehavioral disturbances, and degree of neurocogni-
tive dysfunction in the early posttraumatic period, and
severity of injury are extremely important factors in deter-
mining outcome. A number of scales for measuring such
factors have been developed.

Traumatic Brain Injury
Sharon Arffa, PhD, MPPM
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Level of Consciousness

There is a spectrum of altered levels of consciousness, rang-
ing from the fully conscious state to a confusional state, to
stupor and coma (Plum and Posner 1980). Coma is a state
in which patients lie with eyes closed and show a lack of
awareness and responsiveness to external and internal
stimuli. Comatose patients do not react to noxious stimuli
with defensive, localized movements and do not speak
(Salcman 1990).

Level of consciousness is extremely difficult to assess in
very young infants. For example, stupor can be difficult to
distinguish from normal sleepiness. Moreover, the motor
examination is easily misinterpreted. Even in the presence
of massive brain damage or increased intracranial pressure,
babies may appear normal; they open their eyes and move
spontaneously. Bicycling movements; rhythmic move-
ments of the lower extremities; may be misinterpreted as
normal activity but may actually be a manifestation of
seizure activity in young infants. Limb withdrawal to pain;
a primitive reflex; may be misinterpreted as well. The neu-
rological examination in the infant should assess visual fix-
ation and sucking responses, and cry (unconscious infants
do not cry). A vigorous cry and facial grimace to trapezium
pinch appears to be the most reliable measure of level of
consciousness in young infants (Bruce and Zimmerman
1989; Ewing-Cobbs et al. 1995).

The Glasgow Coma Scale (Teasdale and Jennett 1974)
continues to be the standard index to assess initial level of
consciousness. Severity of injury in traumatic brain injury
frequently has been defined by initial Glasgow Coma Scale
score, either alone or in conjunction with other indices.
This scale is also used to track recovery from coma in pa-
tients with traumatic brain injury. The Glasgow Coma Scale
assesses function in three domains: eye opening, verbal re-
sponse, and motor response. It yields a range of scores,
from 3 to 15. Coma is defined as a score of 8 or less (Eisen-
berg and Werner 1987).

For the very young and preverbal child, the Glasgow
Coma Scale is inappropriate. It is a less reliable and less suc-
cessful predictor of outcome in children than in adults, in
part because the same score in adults and children may not
represent the same degree of primary irreversible brain
damage (Bruce 1983). For example, an infant would not
score more than a 4 on the motor examination (flexor with-
drawal) and more than a 2 on the verbal examination (in-
comprehensible sounds). However, modifications of the
Glasgow Coma Scale have been developed for infants and
toddlers (Raimondi and Hirschauer 1984; Yager et al.
1990). These include recording ocular responses and rein-
terpreting “verbal response” to encompass vocalizations,
crying, fixation, and following in response to speech and to
exclude meaningful communications.

The Children’s Coma Scale (Table 24.1) contains these
modifications and eliminates from the motor examination
segment the requirement of following commands. Al-

though matching of anatomic level to coma severity level is
inexact, there are significant differences between the Glas-
gow and Children’s Coma Scales. Higher integrative corti-
cal functions are not assessed by the Children’s Coma
Scale, and brain-stem functions are emphasized. The Glas-
gow Coma Scale (and the Children’s Coma Scale) becomes
more reliable when patients are measured at the same time
postinjury, preferably on arrival at the emergency room
(Kraus and Sorenson 1994).

Overall Somatic Injury

Because traumatic brain injury is often associated with in-
juries to other areas of the body, measures have been de-
vised to obtain an index of overall injury severity, which fa-
cilitates triage and helps in the assessment of longterm
outcome potential. The Abbreviated Injury Severity Scale
(Joint Committee on Injury Scaling 1980) measures cumu-
lative damage across six body regions, including the head.
Severity ratings on this scale include loss of consciousness,
length of coma, and neuroradiological findings (Tables
24.2 and 24.3). A revision, the Injury Severity Score (Table
24.4), is the most commonly used multiple injury assess-
ment technique. The Injury Severity Score is calculated by
summing the squares from the three most severely injured
body regions. A high Injury Severity Score is correlated with
both disability and mortality (Baker et al. 1974a).

Posttraumatic Amnesia

Posttraumatic amnesia refers to the period following recov-
ery from coma in which continuous memories are not
stored (Russell and Smith 1961). In this sense, posttrau-
matic amnesia is synonymous with anterograde amnesia,
although Russell and colleagues included both length of
coma and anterograde amnesia in their measurement of
posttraumatic amnesia.

The duration of posttraumatic amnesia has become an
important benchmark for prediction of outcome (Williams
1992). The period of posttraumatic amnesia is, on average,
four times longer than the coma stage (Guthkelch 1979). In
the dense stage of posttraumatic amnesia, patients who are
able to speak repeatedly ask the same questions and do not
remember having had meals or visits from close family
members. In the second stage, information may be retained
for short periods but is not permanently stored. Later, a few
important events, such as the visit of a close friend or a
medical procedure, may be recalled.

The recovery of islands of memory can be mistakenly
identified as the end of posttraumatic amnesia. For exam-
ple, a patient may remember arriving in the ambulance or
being prepared for surgery, but nothing else until the next
day (Gronwall 1989). Since it is difficult to verify subjective
memories without the presence of an eyewitness, it is also
difficult to distinguish confabulation from true recall.
Weinstein and Lyerly (1968) reported that confabulation

508 Section III: Neuropsychiatric Aspects of Neurologic Disorders of Children and Adolescents 
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TABLE 24.1
COMPARISON OF GLASGOW COMA SCALE (GCS) AND CHILDREN’S COMA SCALE (CCS)

A. GCS CCS B. GCS CCS

Eye opening Ocular pursuit 15
4 Spontaneous 4 Pursuit 14
3 Speech 3 Extraocular muscles intact, pupils reactive 13

12 11
11

2 Pain 2 Fixed pupils or extraocular muscles impaired 10
9

1 None 1 Fixed pupils and extraocular muscles paralyzed 8 10
7 9

Verbal response Verbal response 6 8
5 Oriented 3 Cries 5
4 Confused 2 Spontaneous respirations 4 7
3 Inappropriate 1 Apneic 6
2 Incomprehensible 5
1 None 4

Motor response Motor response 3 3
6 Obeys commands 4 Flexes and extends
5 Localizes pain 3 Withdraws from pain
4 Flexor withdrawal 2 Hypertonic
3 Extension 1 Flaccid

C. Testable functions

Higher integrative Cortical Subcortical Brain stem

GCS 12–15 9–11 5–8 3–4
CCS None 11 8–10 3–7

Note: A. Number allocations to neurological observations. Ocular pursuit, rather than eye opening, is measured in
the CCS. Verbal responses measured in the CCS include crying and respiration; speech is not required. Following
commands or localizing pain is not measured in the CCS Motor Response section.
B. The GCS ranges from 3 to 15; the CCS ranges from 3 to 11.
C. Comparison of integrative, cortical, subcortical, and brainstem functions as expressed by coma scores on the re-
spective scales. Higher integrative cortical functions are indicated by GCS of 12 to 15, whereas those functions are
not assessed by the CCS. Increased emphasis on brain-stem function is also noted in the Children’s Coma Scale.
Source: Reprinted from Raimondi AJ, Hirschauer J. Head injury in the infant and toddler: Coma Outcome Scale.
Child’s Brain 11:12–35, 1984. Used with permission.

occurred in 60% of a sample of patients with severe head
injury. Therefore, the conservative approach is to consider
the possibility of confabulation in all patients with
significant head injuries.

To avoid some of the problems of assessing subjective
memories, posttraumatic amnesia can be defined as disori-
entation to person, place, and time. However, disorienta-
tion is not the same as posttraumatic amnesia, and the two
can be dissociated. For example, a patient may correctly an-
swer questions about person, place, and time but have no
recollection of having been asked. For adults, the point at
which they can accurately report what has happened to
them and the circumstances of their hospitalization and
accurately state the month, year, day of month, and day of
week has been taken as the resolution of posttraumatic
amnesia (Gronwall 1989).

The Children’s Orientation and Amnesia Test (Ewing-
Cobbs et al. 1989) (Fig. 24.1) is designed to evaluate post-
traumatic amnesia in children ages 3 through 15 years. It is

a short, 16-item measure that assesses general orientation,
temporal orientation, and immediate and remote memo-
ries. It has been normed for ages 3 through 15 years and can
be repeated daily to assess recovery. The end of posttrau-
matic amnesia is defined by a criterion score. Before the de-
velopment of the Children’s Orientation and Amnesia Test,
posttraumatic amnesia measurement in children was esti-
mated through parent and child interviews. The duration of
posttraumatic amnesia, as measured by the Children’s
Orientation and Amnesia Test, was found to be related to
neurological indicators of severity as well as to memory
functioning 1 year after injury (Ewing-Cobbs et al. 1989).

Other Cognitive and Neurobehavioral Factors

The term posttraumatic amnesia has been criticized because
it addresses only memory disturbance; while arousal,
attention, mood, and behavior may be altered during this
stage as well (Trzepacz 1994). A patient who is emerging
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516 Section III: Neuropsychiatric Aspects of Neurologic Disorders of Children and Adolescents 

TABLE 24.3
ABBREVIATED INJURY SEVERITY SCALE–MAXIMUM INJURY

External Secondary or tertiary burns including incineration �91% of total body
Head Crush or ring fracture, crush/laceration brain stem (hypothalamus,

medulla, midbrain, pons)
Neck Decapitation
Thorax Total severance aorta, chest massively crushed
Abdomen/Pelvis Spinal cord crush/laceration or total transection
Spine Spinal cord crush/laceration or total transection with or without

fracture C3 or above

TABLE 24.4
SCORING GRID FOR DETERMINING INJURY
SEVERITY SCORE (ISS)

Abbreviated
Body region Injury Score Squared

Head/Neck
Face
Chest
Abdomen/pelvic contents
Extremities/pelvic girdle
External
Total ISS*

*Based on sum of squares of three most severely injured body regions.
Source: Greenspan L, McLellan BA, Greig H. Abbreviated injury scale
and injury severity score: a scoring chart. J Trauma 25:60–64, 1985.
Used with permission.

Note: This chart depicts maximum injury (i.e., injury severity score of 75 automatically assigned) for the six
body regions of the injury Severity Scale: (1) external injuries refer to burns, contusion, lacerations, and
abrasions; (2) head and neck injuries include injuries to the cervical spine, spinal cord, skull, brain, and ears;
(3) face injuries include injuries to the mouth, eye, nose, and facial bones; (4) chest injuries include injuries
to internal chest cavity organs, diaphragm, thoracic spine, or rib cage; (5) abdominal or pelvic content
injuries include injuries to the internal abdominal cavity organs and lumbar spine; (6) injuries to extremities
and pelvic girdle include sprains, fractures, amputations, and dislocations except those to skull, spinal
cord, or rib cage. Note that the regions for the Abbreviated Injury Scale do not always coincide with the
Injury Severity Scale regions.
Source: Greenspan L, McLellan BA, Greig H. Abbreviated injury scale and injury severity score: a scoring
chart. J Trauma 25:60–64, 1985. Used with permission.

from coma displays inability to focus attention, disorienta-
tion, memory disturbance, higher-order cognitive deficits
(such as concreteness), agitation or lethargy, and emo-
tional lability (Goethe and Levin 1984; Trzepacz 1994). A
disturbance in sleep/wake cycle and a fluctuating course of
cognitive and neurobehavioral problems may be found as
well. Hallucinations; defined as sensory perceptions with-
out external stimulation of visual, auditory, olfactory, gus-
tatory, or tactile organs that are perceived as real by the pa-
tient; are not commonly experienced by patients with
traumatic brain injury but have been documented (Goethe
and Levin 1984). Delirium, as defined in DSM-IV (Ameri-
can Psychiatric Association 1994), refers to an abnormal
state of consciousness preceding stupor and coma, marked
by restlessness, affective instability, cognitive deficits, dis-
orientation, and disturbances of the sleep/wake cycle. Al-
though delirium occurs in the course of recovery from trau-

matic brain injury, this term is used only infrequently in
this context.

Several different instruments have been developed to
evaluate these neurobehavioral factors during recovery
from traumatic brain injury. The Neurobehavioral Rating
Scale (Levin et al. 1987b) (Fig. 24.2), which is used to
monitor broader psychiatric symptoms during recovery,
contains 27 clinician-rated items addressing cognitive dis-
turbance, mood alteration, and perceptual disturbance.
The Ranchos Los Amigos Scale of Cognitive Functioning
(Hagen et al. 1972) (Table 24.5) is commonly used in
cases of traumatic brain injury, particularly at rehabilita-
tion centers. It provides a tool for assessing behaviors typ-
ical of the eight stages of recovery, from deep coma to
purposeful, appropriate behavior. Although clinically use-
ful, it is not sufficiently quantifiable to be appropriate for
research (Lehr 1990).

Degree of Neurocognitive Dysfunction in the
Early Posttraumatic Period

The resolution of posttraumatic amnesia is followed by the
early posttraumatic period (Gronwall 1989). Although
generally oriented in time and able to remember events
from the previous day, the patient may show slowing in re-
action time and mental processes, susceptibility to distrac-
tion, and poor concentration. Because rapid improvement
can occur during this early stage and attention span is still
limited, lengthy neurocognitive evaluations are impracti-
cal. However, a brief battery of neuropsychological tests
can be useful in documenting the degree of neurocognitive
dysfunction and in determining disposition. One such bat-
tery (reviewed in Arffa 1995) includes brief attentional
tasks such as the Wechsler Intelligence Scale for Chil-
dren–III or IV (WISC-III; Wechsler 1991; WISC-IV, Wech-
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Figure 24.1 Children’s orientation and amnesia test. Reprinted from Ewing-Cobbs L, Levin HS,
Fletcher JM, et al. The Children’s Orientation and Amnesia Test: relationship to severity of acute
head injury and to recovery of memory. Neurosurgery 27:683–691, 1990. Used with permission.
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Figure 24.2 Neurobehavioral rating scale. Reprinted from Levin HS, High WM, Goethe KE, et al.
The neurobehavioral rating scale: assessment of the behavioral sequelae of closed head injury by the
clinician. J Neurol Neurosurg Psychiatry 50:183–193, 1987. Used with permission.
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Figure 24.2 (continued)
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sler 2003), Digit Span and Arithmetic subtests, the Verbal
and Visual Memory subtests from the Wide Range Assess-
ment of Memory and Learning (Sheslow and Adams 1990),
and executive function tests such as the Wisconsin Card
Sorting Test (Heaton et al. 1993) and the Controlled Oral
Word Fluency Test (see Lezak 1994).

Level of Severity

Assessment of severity is probably the most important mea-
surement in traumatic brain injury. Incidence and outcome
researchers typically rely on categories of “mild,” “moderate,”
and “severe” when studying differences in rates of traumatic
brain injury, sequelae, and recovery. The severity of the injury
is defined in terms of its consequences and not the character-
istics of the injury itself (e.g., velocity or angle of the blow).

There is no uniformly accepted classification of severity,
and this is one of the major sources of variability in out-
come research (Levin et al. 1995). Traditionally, severity
has been assessed on the basis of initial level of conscious-
ness, duration of coma, and extent of posttraumatic amne-
sia (Goethe and Levin 1984). However, other definitions
have taken into account necessity for brain surgery, length
of hospitalization, abnormalities on neuroradiological
examination, and even quantitative analysis of computed
tomography (CT) (see, e.g., Marshall et al. 1991).

“Mild” traumatic brain injury is frequently defined as a
transient loss or altered state of consciousness and amnesia,
but specific criteria have varied widely. Kraus and Sorenson
(1994) found that in 35% of research studies from 1984 to
1994, mild traumatic brain injury was defined as no loss of
consciousness, whereas in 36% of studies a loss of con-
sciousness of 15 to 60 minutes was required. The Glasgow
Coma Scale score used as the criterion for mild traumatic
brain injury has also varied. In 59% of the research reports
reviewed by Kraus and Sorenson (1994), a Glasgow Coma
Scale score of 13, 14, or 15 was used as the criterion for mild
traumatic brain injury, whereas in 24% a Glasgow Coma
Scale score of 8 or 9 to 15 was used. The duration of post-
traumatic amnesia is also quite variable in definitions of
mild traumatic brain injury. Chadwick and colleagues
(1980), for example, specified a posttraumatic amnesia du-
ration of more than 1 hour to less than 1 week as indication
of mild injury, whereas Asarnow and colleagues (1991)
used a criterion of less than 4 hours.

“Moderate” traumatic brain injury is generally defined
as a loss of consciousness lasting more than 30 minutes
and less than 24 hours (Annegars et al. 1980). Kraus and
colleagues (1984) also required a hospital stay of 4 to 8
hours and neurosurgery or abnormal CT. Most commonly,
a Glasgow Coma Scale score of 9 to 12 is used to define
moderate traumatic brain injury.

TABLE 24.5
RANCHOS LOS AMIGOS SCALE OF COGNITIVE FUNCTIONING

EARLY STAGES OF RECOVERY
Level I—no response
The patient appears to be in deep sleep, with no eye opening or response to external stimulation.
Level II—generalized response
The patient reacts nonpurposefully and inconsistently to stimulation.
Level III—localized response
The patient reacts purposefully to stimulation but is inconsistent. He or she may turn his or her head toward sound.

MIDDLE STAGES OF RECOVERY
Level IV—confused/agitated
The patient shows heightened activity level. Aggression or excessive irritation disproportionate to stimulation may occur. Patient is confused

and is severely limited in ability to process information. No self-care functions.
Level V—confused/inappropriate/not agitated
The patient is alert and able to respond to simple commands in a fairly consistent manner. He or she is highly distractible and cannot sustain

and focus attention. Memory is severely compromised, and new information is not learned. When aphasia is not present, the patient makes 
inappropriate verbalizations. The patient may be able to assist with self-care functions.

Level VI—confused/appropriate
Goal-directed behaviors may be observed, but these involve overlearned or automatized skills such as feeding or brushing teeth. Attention

and memory are improving but are still impaired. The patient may be inconsistently oriented and recognizes caretakers.

LATE STAGES OF RECOVERY
Level VII—automatic/appropriate
The patient may be able to follow a routine when prompted and may be independent or semi-independent, with self-care. The patient,

however, lacks insight into his or her condition and shows poor judgment and problem-solving skills.
Level VIII—purposeful/appropriate
The patient is completely oriented, is independent, and is capable of self-care. Memory has improved; the patient can recall past events and

shows capacity for new learning. Some continued compromise in reasoning and judgment may be present.

Source: Adapted with permission from the Adult Brain Injury Service of the Ranchos Los Amigos Medical Center, 
Downey, CA.
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“Severe” traumatic brain injury has been defined as
loss of consciousness lasting longer than 24 hours
(Annegars et al. 1980, Whitman et al. 1984) and de-
pressed level of consciousness initially (i.e., Glasgow
Coma Scale score � 8) (Kraus et al. 1984, Rimel et al.
1981). Very severe traumatic brain injury has been
defined as loss of consciousness or posttraumatic amnesia
lasting longer than 7 days (Qennett 1983).

More recently, the utility of more gradations in the
measurement of traumatic brain injury severity has been
noted, particularly in the area of sports related concussion
(Cantu 1998, Kelly 1995, Johnston et al. 2001). Suggested
criteria of severity levels are presented in Table 24.6.

Advances in neurodiagnostic imaging may help in refin-
ing severity ratings. For example, with the expanding use of
magnetic resonance imaging (MRI), which can identify
surface contusions, many mild injuries may be reclassified
as moderate.

EPIDEMIOLOGY

Our understanding of traumatic brain injury in children
has been advanced through descriptive epidemiology.
Knowledge of the incidence, developmental trends, and
risk factors of pediatric brain injury is useful in a number of
ways. Awareness of medical sequelae common to certain
types of injury in population subsets can facilitate medical
decision making. Furthermore, the premorbid characteris-
tics of the child and family can help the neuropsychiatrist
identify risk factors for neuropsychological or psychiatric
sequelae and aid in planning for the care and treatment of
the child. Perhaps most important, public awareness of the
magnitude of the problem can be advanced, and effective
prevention programs can be developed.

Despite the methodological problems associated with
the definition of traumatic brain injury and case ascertain-
ment, estimates of incidence rates have been more similar
than dissimilar. In six reports on the epidemiology of head
trauma in the general population, the incidence ranged

from 180 to 295 per 100,000. In each study, males out-
numbered females, the peak age was most frequently cited
as 15 to 19 years, and motor vehicle accident was the most
frequent cause of injury (Frankowski et al. 1985). The inci-
dence of traumatic brain injury in pediatric populations is
similar to that reported for adults. A mortality rate of 10 per
100,000 children (Annegars 1983) places head trauma as
the major cause of death in children. However, children
and adolescents are consistently reported to have a lower
mortality rate than adults (Goldstein and Levin 1987) and
a much lower rate than the elderly (Annegars et al. 1980;
Jennett et al. 1980). The death rate in males was estimated
to be four times that in females (Frankowski 1985).

Mortality statistics show only one part of the picture. Ap-
proximately 100,000 to 170,000 children are hospitalized
each year with traumatic brain injury, and six times that
number visit the emergency room (Eiben et al. 1984; Kraus
et al. 1986). These figures indicate that traumatic brain
injury is a major public health problem and represents a
significant health-related financial burden (Gottschall
1993). Kraus and associates (1990) reported that the costs
of hospital care alone for pediatric traumatic brain injury
exceed 1 billion per year. All the direct costs (other medical
costs, nursing costs, and pharmaceuticals) add an addi-
tional 1,810 million in the 0- to 4-year-old range, 4,026
million in the 5- to 14-year range, and 8,934 million in the
15- to 24-year ranges (Rice and MacKenzie 1989).1

The rate, severity, and mechanisms of traumatic brain
injury vary with the child’s age. A steadily increasing rate of
injury was recognized up through age 14 years, with a
dramatic peak occurring beginning at age 15 (Kraus et al.
1986; Rivera and Mueller 1986) (Fig. 24.3). Ninety-three
percent of all head trauma in children (Kraus et al. 1986),
compared with 80% in adults (Kraus and Sorenson 1994),

TABLE 24.6
SUGGESTED CRITERIA FOR SEVERITY RATINGS IN TRAUMATIC BRAIN INJURY

Severity of TBI Length of Coma Initial GCS Score Duration of PTA CT Criteria

Minimal No LOC 1–5 min; confusion with 
or without amnesia

Very mild No LOC 5–60 mins
Mild 30 mins 13–15 1–24 hrs Negative
Moderate 30 mins–24 hrs 9–12 �24 hrs, but �7 days Negative/positive
Severe �24 hrs 3–8 8–28 days Positive
Very severe �24 hrs 3–8 �28 days Positive

Note: Three gradations of mild injury are suggested; in minimal and very mild severity levels, medical attention
may or may not be sought. TBI � traumatic brain injury; GCS � Glasgow Coma Scale (see Table 24.1); PTA �
posttraumatic amnesia; CT � computed tomography; LOC � loss of consciousness.

1 Indirect costs fill such categories as loss of output and productivity in
the workforce, caretaker opportunity costs, costs incurred from
mental/social sequelae such as homelessness, incarceration, increases
in other health expenditures, and costs from tranfer payments such as
welfare and disability.
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has been classified as mild. Mild injury is most common in
10- to 14-year-old children, but nearly the same proportion
of mild injuries occurs in children ages 5 to 9 years. The
peak incidence of severe and moderate injury occurs at age
15 years, but a relatively high proportion of such injuries
also occurs in infants younger than 1 year of age (Fig. 24.4).
Males are known to have a much higher rate of traumatic
brain injury than females, but ratios vary, from as high as
4:1 to 1:1, as a function of age and mechanism of injury. In
infancy, males are injured as frequently as females, but be-
ginning at age 5 years, there are significantly more head in-
juries in boys than in girls (Fife et al. 1986).

Falls and transport-related accidents account for up to
83% of all traumatic brain injuries in children, although
the proportion attributed to falls and transport injuries

varies widely from study to study (Kraus 1995). Injuries
sustained during sports and recreation, assault, child abuse,
and some types of birth injury account for the remainder of
traumatic brain injuries in children.

The risk of traumatic brain injury associated with a spe-
cific mechanism varies as a function of age. In infancy,
traumatic brain injury from child abuse accounts for most
cases; in the preschool age group, falls are the predominant
mechanism; and in the early elementary school age group,
pedestrian accidents are the most common source of trau-
matic brain injury. In 10- to 14-year-old children, there is a
dramatic increase in injuries from sports and bicycle acci-
dents. Beginning at age 15 years, motor vehicle accidents in
which the victim is an occupant become the most frequent
cause of traumatic brain injury (Kraus et al. 1986; Rivera and
Mueller 1986). The mechanisms of all forms of traumatic
brain injury, and for severe traumatic brain injury only, in
1,544 children admitted to Allegheny General Hospital, a
large western Pennsylvania trauma center, from 1987 to
1994 are outlined in Figures 24.5 and 24.6 (Arffa 1995).

Demographic risk factors for all childhood injury in-
clude poverty, single-parent households, and congested
living conditions. A parental history of psychiatric disor-
der, drug and alcohol abuse, or physical illness is another
risk factor. Unsupervised play is also reported frequently
among children with traumatic brain injury and can be a
direct cause of the injury (Chadwick et al. 1981; Klonoff
and Paris 1974). Children with cognitive problems are at
greater risk for a history of traumatic brain injury than are
peers with normal cognition. Children with traumatic
brain injury are more likely to have a history of behavior
disorder (Bijur and Haslum 1995; Brown et al. 1981;
Chadwick et al. 1981; Klonoff 1971; Klonoff and Paris
1974; Arffa & Goldstrum 2003a,b), although Pelco and
colleagues (1992) and Donders (1992) did not find this
relationship. Arffa (1995) found that in a series of 100

Figure 24.3 Incidence rates of traumatic brain injury (TBI) by age
and sex. Adapted from Kraus JF, Black MA, Hessol N, et al. The inci-
dence of acute brain injury and serious impairment in a defined pop-
ulation. Am J Epidemiol 119:186–201, 1984. Used with permission.

Figure 24.4 Traumatic brain injuries (TBI) by age and severity.
Reprinted from Kraus JF, Fife D, Cox P, et al. Incidence, severity,
and external causes of pediatric brain injury. Am J Dis Child
140:687–693, 1986. Copyright 1986, American Medical Associa-
tion. Used with permission.

Figure 24.5 Mechanism of traumatic brain injuries (TBI) by age,
for 1,544 patients hospitalized at a northeastern trauma center
from 1987 to 1994. MVA � motor vehicle accidents. Cases of child
abuse were not recorded; bicycle-related injuries include accidents
involving bicycles and motor vehicles.
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pediatric patients with traumatic brain injury from 1993
to 1995, 55 had a history of either school learning diffi-
culties or behavior or emotional disturbance. Arffa and
Goldstrum (2003a) found injured preschoolers had
higher rates of developmental and behavioral problems
than controls, but head injured preschoolers actually had
significantly greater history of developmental delay before
their injuries.

Child behavioral characteristics associated with high
traumatic brain injury rates include impulsivity, aggres-
sion, and attention-seeking behavior. In contrast, in the
toddler age group, behavioral factors are related to the
home environment (Matheny 1987). A history of previous
traumatic brain injury is also associated with an increased
risk of further traumatic brain injury (Annegars 1983). The
occurrence of multiple episodes of traumatic brain injury is
strongly related to socioeconomic factors and the behav-
ioral characteristics of the child, such as hyperactivity and
aggression (Bijur and Haslum 1995).

Falls

Falls account for 4% of deaths in children (Table 24.7).
Psychosocial factors are prominent in falls (Sieban et al.
1971; Spiegel and Lindaman 1977). The rate of death is
higher in urban areas, where falls may occur from greater
heights (Kottmeier 1995; Reynolds et al. 1971). Children
survive falls from comparable heights more often than do
adults (Barlow et al. 1983), although some of the highest
fatality rates occur among very young children (Reynolds
et al. 1971). Overall mortality rates from falls in 1.6%
(Wang et al. 2001), and intracranial injury is most always
the cause of death. Falls account for a significant propor-
tion of nonfatal cases of pediatric traumatic brain injury
as well (Annegars et al. 1980; Rivera and Mueller 1986).
Children under the age of 4 years, particularly males, are

susceptible (Kottmeier 1995). Most falls occur during the
summer, and they occur more often during the afternoon
(Barlow et al. 1983). The incidence of walker injuries is
especially high during infancy (Rieder et al. 1986). Falls
from windows are more common in toddlers, and falls
from fire escapes or roofs are more common in older
children (Barlow et al.).

The physical characteristics of the young child in a free
fall are thought to contribute to the higher number of cen-
tral nervous system (CNS) injuries and skull fractures in
this age group. The proportionately larger and heavier
head of the child leads to a head-first orientation in the
fall and head-first impact. Injury from head-first impact is
likely to be more severe than that from a transverse fall, in
which the force is distributed over a larger body surface
(Kottmeier 1995).

Motor Vehicle Accidents

Motor vehicle accidents are a major source of fatal injuries
(Annegars 1983). Thirty percent of deaths in children un-
der the age of 18 years are due to motor vehicle accidents
(Pautle et al. 1995). The percentage of injuries related to
motor vehicle accidents increases progressively with age
(Frankowski 1985). From ages 15 to 19 years, males out-
number females in motor vehicle accidents by 2.1:1 (Fife
et al. 1986), and the rate of fatalities is higher among
males.

To understand the biomechanics of motor vehicle acci-
dents, it is useful to separate the accident into three or four
separate “collisions” (Pautle et al. 1995). The first impact to
the vehicle is followed closely by the occupant’s impacting
a portion of the vehicle. A third collision occurs internally
as the brain strikes the interior of the cranium.

Frontal impact of the vehicle carries the greatest risk to
occupants. Further insult can occur as unrestrained objects
in the vehicle are propelled forward into the occupant. An
unrestrained occupant is thrown forward until, in frontal
collisions, the head meets the windshield. The rear seat is
commonly thought to be safer because there are no steer-
ing wheels, dashboards, or windshields, but fatality rates
for backseat occupants are approximately equal to those
for front-seat occupants (Still et al. 1992). Injuries also
occur from noncrash events. Excluding frontal collisions,
the risk of fatality is actually greater in noncrash events
than in collisions (Peterson and Royer 1991). Children
are frequently fatally injured by ejection, or falls from the
vehicle (Howard et al., 2003). Sudden stops or swerves
can also lead to impact within the vehicle (Pautle et al.
1995).

The younger child’s relatively large head, higher center
of gravity, and weak neck and shoulder muscles can make
him or her more susceptible to acceleration and decelera-
tion injuries (Ward 1995a). When unrestrained, the child
can become a projectile, moving head first until stopped by
a stationary object (Pautle et al. 1995).

Figure 24.6 Mechanism of severe traumatic brain injuries (TBI)
(GCS � 3–8) by age, for 248 patients hospitalized at a northeastern
trauma center from 1987 to 1994. MVA � motor vehicle accidents.
Cases of child abuse were not recorded; bicycle-related injuries
include accidents involving bicycles and motor vehicles.
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TABLE 24.7
CHARACTERISTICS OF THE COMMON MECHANISMS OF TRAUMATIC BRAIN INJURY IN CHILDREN
AND ADOLESCENTS

Pathophysiology/
Mechanism Mortality Morbidity Biomechanics Complications

Falls Account for 4% of deaths
in children; higher
(13–20%) mortality in
urban areas because of
tall buildings; mortality
highest among young
children, but older
children survive better
than adults1–3

13–69% of all traumatic brain
injuries in children4; 
1.7:1 male:female ratio; major
cause of head injury in children 4
years and younger; common in
summer months5,6; Psychosocial
factors prominent (i.e., low-
socioeconomic, urban housing,
single-family household)7,8

Larger and heavier head
of preschooler leads to
head-first orientation,
resulting in greater
central nervous system
injury and skull fracture2

Fracture most
common, followed
by central nervous
system injury2

Deceleration injuries
with falls from
heights2 Intracranial
mass lesions
common in older
children9

Motor vehicle
accidents

Account for 30% of all
deaths in children;
highest mortality in
children 15–19 years of
age and in males10,11

Account for 25%–77% of all
traumatic brain injuries in
children, depending on the
study4

Morbidity increases with age:
highest (70%) in males 15–19
years of age12,13

“3 or 4 impacts”: 1) to ve-
hicle, 2) to occupant, 3)
to brain hitting interior
of cranium, and 4) from
flying objects11 Injuries
greatest in frontal
impact and unrestrained
occupants; rear seat �
front seat fatalities, and
morbidity is increased in
ejection from
vehicle11,14,15 Child
becomes projectile
when unrestrained11

Deceleration injuries
potentiated in
young children
because of large,
heavy head and
weak shoulder
muscles16

Pedestrian
accidents

Dominant mechanism of
traumatic brain injury
death in children ages
1–9 years12,18

Children ages 5–9 years (pedestrian
mechanism accounts for 39% of
all head injury in this age range)
and males most at risk12,17

Driver negligence and careless
crossing by child implicated19–21

Older children are thrown
onto hood, often
sustaining multiple
impact injuries; small
children roll under
vehicle22

Multifocal injuries may
be present in cases
of multiple impact

Bicycle/sports
accidents

Greater mortality in
bicycle–motor vehicle
accident10,23,24

Equestrian sports have
2.5% mortality rate 41

11% of all and 3% of severe trau-
matic brain injuries are
recreationally related,10,23–26

more severe in adolescents 70%
of bicycle injuries are in children
younger than 10 years of age;
sports injuries occur more
frequently and are more severe in
adolescence10,23–26, 38; common
in males, in summer months, and
between 3:00 and 9:00 PM25; All-
terrain vehicles: more severe
injury in younger child27 Football
most hazardous, up to 200,000
concussions39; high schoolers fare
worse than collegiates 40 injuries
reduced with better coaching
standards28,29

Most bicycle-motor
vehicle accident victims
make contact with front
end of vehicle; children
younger than 12 years
of age often hit from left
side25 Second impact
syndrome
controversial42

More severe injuries
occur in unhelmeted
cyclist25,27

(continued)

75191_ch24.qxd  9/28/05  23:27  Page 524



Chapter 24: Traumatic Brain Injury 525

Pedestrian Accidents

Injuries resulting from pedestrian accidents are most com-
mon in older preschoolers and young school-age children
(Frankowski 1985). In this age range, fatalities occur more
frequently from pedestrian accident injuries than from
passenger motor vehicle accident injuries (Rivera and
Barber 1985; Tanz and Christoffel 1985). Among those
sustaining injury in pedestrian accidents, boys outnumber
girls by 1.7:1 (Rivera and Barber). Most often, the child is
struck by the front of the automobile and is thrown for-
ward onto the hood. The child may continue rolling and
sliding, potentially incurring additional impact injuries.
Small children may roll under the vehicle (MacKay 1992).
Injuries occur most frequently when children dart out
into the street rather than cross at intersections (Rivera
and Barber; Stevenson et al. 1992). Driver negligence and
alcohol use by drivers contribute to these accidents and
the resultant injuries (Baker et al. 1974b; Wolfe and O’-
Day 1982).

Sports-Related Injuries

As many as 11% of pediatric head injuries and 3% of severe
head injuries are recreationally related (Annegars 1983;
Waller 1985). Compared with motor vehicle accidents and
falls, sports injuries account for a much lower percentage of
traumatic brain injury in children under age 12 years
(Bruce et al. 1982), but the percentage increases greatly in
adolescence (Conn et al, 2003; Poirier and Wadsworth,
2000). Adolescents also suffer more severe sports-related
injuries, and among those sustaining such injuries, males
significantly outnumber females. Although contact sports

have the highest risk of concussion, there are reports of sub-
stantial concussion in winter sports, sports with risk of falls
such as gymnastics, and nonorganized sports like
rollerblading (Kushner 2001). Of all injuries incurred in
the sport, mild traumatic brain injury accounts for 7.3% of
injuries in football, 4.4% in wrestling, 3.9% in boys soccer,
4.3% in girls soccer, 3.6% in girls basketball, and 2.5% in
field hockey (Powell and Barber-Foss 1999).

Football is the most hazardous organized sporting
activity, with two thirds of football-related deaths result-
ing from traumatic brain injury (Mueller and Blythe
1987). High school football players alone have 200,000
concussions per year. High school football players were
more cognitively impaired after concussion than their
college cohorts, suggesting a more protracted recovery
pattern in this age group, yet few are required to stop
playing, and many have multiple concussions (Collins et
al 2002; Field et al 2003; Langburt et al 2001; Genuardi
and King 1995; Gerberich et al. 1983; Thurman et al.
1998). Better standards for football helmets and rules re-
garding blocking and tackling have helped to reduce the
head and spinal cord injuries associated with football
(e.g., Albright et al. 1985).

Hockey contributes about five concussions per 1,000
player/game hours (Goodman et al 2001). Heading is a
factor in soccer related injuries, and although subjective
complaints are high (Tysvaer and Storli 1981), cognitive
function does not appear significantly disrupted (Janda et
al. 2002). Golf injuries are caused by impact with the ball
or club and 37 traumatic brain injuries in children 3 to 13
were reported in a single emergency room in a 7-month
period in the United Kingdom (MacGregor 2002). New

TABLE 24.7
(continued)

Pathophysiology/
Mechanism Mortality Morbidity Biomechanics Complications

Child abuse 1,000 to 2,500 cases per
year30

Most common in young
children31–34

64% of all and 95% of severe
traumatic brain injuries in children
2 years of age and younger31–34

Males and females at equal risk35

Shaken baby syndrome
includes violent shaking
and impact36–38

1Barlow et al. 1983; 2Kottmeier 1995; 3Reynolds et al. 1971; 4Kraus 1995; 5Annegars et al. 1980; 6Rivera and
Mueller 1986; 7Sieban et al. 1971; 8Spiegel and Lindaman 1977; 9Teasdale and Jennett 1974; 10Annegars 1983;
11Pautle et al. 1995; 12Frankowski 1985; 13Fife et al. 1986; 14Peterson et al. 1995; 15Still et al. 1992; 16Ward 1995a;
17Rivera and Barber 1985; 18Tanz and Christoffel 1985; 19Stevenson et al. 1992; 20Baker et al. 1974; 21Wolfe and
O’Day 1982; 22MacKay 1992; 23Friede et al. 1985; 24Kraus et al. 1987; 25Spaite et al. 1991; 26Fife et al. 1983;
27Wesson et al. 1995; 28Mueller and Blythe 1987; 29Albright et al. 1985; 30Cohn 1983; 31Billmire and Myers 1985;
32Duhaime et al. 1992; 33Hahn et al. 1983; 34Kraus et al. 1990; 35U. S. Department of Health and Human Services
1989; 36Caffey 1972; 37Duhaime et al. 1992; 38Sato et al. 1989; 38Conn et al 2003; 39Mueller and Blythe 1987;
40Collins et al 2002; 41Ghosh et al. 2000; 42 McCrory 2001.
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sporting fads are novel sources of traumatic brain injury.
The “scooter phenomenon” lead to 19 concussions in chil-
dren and adolescents in a single year in one Swiss town
(Mankovsky et al. 2002). More snowboarding injuries are
concussive injuries, while skiers injure other body parts
more often (Skokan et al. 2003). Sledding may be one of
the largest contributors of concussion in children (Hackam
et al. 1999). Of inline skating injuries, head and neck injury
occurred only in 16% of cases in a Canadian town (Nguyen
and Letts 2001). An average of 31 pediatric equestrian in-
juries per year in a Boston hospital, and head injuries are
second to orthopedic injuries in frequency, and carry a
2.5% mortality rate (Ghosh et al. 2000). Use of motorbikes
and all-terrain vehicles is more likely to result in traumatic
brain injury when the vehicles are driven on roadways and
when the driver is unhelmeted, inexperienced, and young
(Wesson et al. 1995).

Incidence rates of bicycle injury are considerably higher
when injuries due to collision with a motor vehicle are in-
cluded. Nearly 70% of all bicycle-related head injuries occur
in children under age 15 years (Friede et al. 1985, Kraus et
al. 1987; Spaite et al. 1991). Preschoolers make up only 5%
of bicycle-related injuries and are less likely to be injured in
the street, although they sustain traumatic brain injury at
the same frequency and the same level of severity as older
children (Powell et al. 1997). Among those sustaining
bicycle-related injuries, boys outnumber girls by 3:1 (Kraus
et al. 1987; Spaite et al. 1991). Most victims make contact
with the front end of the vehicle, but they also are often hit
from the left side when darting out into the street; this is true
particularly among children younger than 12 years of age.
Injury most often occurs in spring and summer months and
between 3:00 and 9:00 PM. (Annegars 1983; Fife et al.
1983). Unhelmeted children are more likely to sustain more
severe injuries (Sosin et al, 1996; Spaite et al. 1991).

Gunshot injuries are often listed under sports-related
injuries even though a majority occur not in the context of
recreation, but with accidental discharge or as an act of
violence. Thirty-two head and neck gunshot wounds in
children 3 to 17 were identified over 3 years in Houston,
Texas, and carried a very high mortality rate even with low
velocity missiles (Kountakis et al. 1996).

Child Abuse

Twelve- to 14-year-old children are more likely than
children of other ages to be the target of physical abuse, but
severe and fatal injuries occur most often in infants and
young children. As many as 64% of all, and 95% of serious,
traumatic brain injuries in the first and second years of life
are thought to result from nonaccidental injury (Billmire
and Myers 1985; Duhaime et al. 1992; Hahn et al. 1983;
Keenan et al. 2003; Kraus et al. 1990). Nonaccidental injury
causes 2,000 to 5,000 deaths per year (Cohn 1983). Males
and females are equally affected, although females may
suffer more abusive incidents. Abuse is more common in

families with psychosocial adversity, such as poverty and
poor living conditions (U.S. Department of Health and
Human Services 1989).

Behavioral indicators of abused preschoolers include
social withdrawal, dependence, overcompliance, lack of
curiosity, and flattened affect. Alternatively, modeling of
aggressive behavior, hyperactivity, and agitation have been
reported. Abusive parents often know little about normal
child development. The more the child is perceived as dif-
ferent, the more likely he or she is to be abused. Therefore,
children who were born prematurely and/or have congeni-
tal defects, mental retardation, developmental delay, or
frequent physical illnesses are at greater risk for abuse
(Cohn 1983; Helfer and Kempe 1987).

PATHOPHYSIOLOGY

It has become the convention to separate primary causes of
traumatic brain injury from their sequelae, even though
secondary complications may occur within minutes of the
initial insult, and the brain tissue damage from the primary
impact develops over hours and even days after the injury
(Honig and Albers 1994; Jennett and Teasdale 1981; Pang
1985; Teasdale and Mendelow 1984).

Primary Brain Damage

Primary injuries result from events that take place within
the first few milliseconds of an injury. Skull fractures and
brain contusions or lacerations can occur on impact. The
term contusion is used to describe a wide range of blunt
injuries, from a small bruise on the crests of the gyri to a
large coalescing clot, better termed an intracerebral
hemorrhage (Jennett and Teasdale 1981; Teasdale and
Mendelow 1984). The condition of the cranium does not
correlate well with the severity of brain damage. Although
localized contusions and lacerations often occur beneath
depressed or compound skull fractures, the extent of injury
can be limited, and clouding of the sensorium or loss of
consciousness can be absent (Harwood-Nash et al. 1971;
Jennett and Teasdale 1981; Miller and Jennett 1968).

Also, extensive contusions, lacerations, and hemorrhage
can occur without skull fracture. Lacerations of the brain
and rupture of the blood vessels can result from pulling and
stretching during movement after an injury, and contusions
often result from impact of the brain against the inner
surface of the skull. Contusions commonly affect the
undersurface of the frontal lobes and the tips of the tempo-
ral lobes, most likely because the brain impacts against the
bony protuberances of the anterior cranial fossa and sphe-
noid region (Miller and Becker 1982). Even with a blow to
the back of the head, frontal and temporal contusions will
occur much more frequently than occipital lesions.

Contrecoup injuries are thought to occur from the brain
and skull recoiling from impact (Pang 1985). In infants
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younger than age 5 months, surface contusions and contre-
coup are uncommon (Ward 1995a).

Diffuse axonal injury is currently thought to be one of
the primary mechanisms of damage in closed traumatic
brain injury. This has been studied primarily through
animal models and histological exam after death as non-
invasive procedures are not available (Smith et al. 2003).
Acceleration and sudden deceleration of the brain, and,
even more important, rotation of the brain around its axis,
cause stretching and tearing of the long white matter tracts
(Adams et al. 1989; Povlishock 1992, 1993; Teasdale and
Mendelow 1984). Damaged axons, even those not
mechanically ruptured at the time of impact, undergo a
cascade of well-known cellular changes leading to cell
death (Jennett and Teasdale 1981; Povlishock 1992).
Ommaya (1982) thought that the surface of the brain was
affected in milder injuries and that more central areas were
affected in more severe concussions. The role of axonal
damage is supported by studies which found that the
duration of unconsciousness is related to degree of axonal
injury, with widespread severe damage leading to deep or
persistent coma (Teasdale and Mendelow 1984). Although
definitive research on the elastic properties of the neuron
has yet to be conducted, young children may be more
vulnerable to diffuse axonal injuries because unmyelinated
fibers may be more vulnerable to shearing (Ward 1995b).

Mild Traumatic Brain Injury

Mild traumatic brain injury has been associated with well-
known neurocognitive and neuropsychiatric symptom
patterns, yet its pathophysiology remained an enigma until
recently. Both animal and human research studies have re-
vealed cellular and subcellular changes, vascular changes,
and neurochemical reactions that can account for the mor-
bidity in concussion. The exact mechanism remains elusive,
and there may indeed be several varieties of mild traumatic
brain injury. Mechanical impact stretches the axon, affects
the axonal cytoskeleton, causing sudden neuronal depolar-
ization, which disrupts axonal transport (Shetter and De-
makis 1979). A cascade of neurochemical, ionic, and
metabolic changes ensue (Hovda et al. 1995). Neuroexcita-
tory amino acids, such as glutamate and aspartate, are
released, increasing glycolysis, resulting in metabolic de-
pression (Christman et al. 1994; Povlishock 1992, 1993;
Povlishock and Coburn 1989). Reuptake is inhibited caus-
ing increased receptor cell firing, and oxygen free radicals;
nitric oxide can be particularly damaging when released in
excess. Vascular changes have also been reported. Blood-
brain barrier breakdown results in ischemic degeneration in
the hippocampus in animal models of severe brain injury
(Ward 1964), which may account for memory disruption.
Hippocampal micro-hemorrhaging was found on autopsy
of an adult male with symptomatic, prolonged mild trau-
matic brain injury, who died from an unrelated condition
(Bigler 2003). Cerebral blood flow abnormalities appear

responsible for some ongoing postconcussive symptoms, as
evidenced by reduced cerebral circulation time (Taylor
1966) and vasoconstriction (Gilbert 1968). Intracranial
pressure alterations are not prominent in mild traumatic
brain injury (Denny-Brown and Russell 1941), nor is it as-
sociated with diffuse axonal injury (Adams et al. 1982).

In mild traumatic brain injury, damaged axons are
scattered throughout the white matter and are surrounded
by healthy brain tissue. This unique situation, in which
damaged neurons are contained in an intact environment,
may precipitate a regenerative process observed as reactive
sprouting and growth cone formation. The progress of this
regenerative response appears to correlate with functional
recovery. However, the neurophysiological factors respon-
sible for neuronal recovery are complex and numerous,
and beyond the scope of this chapter (see Bach Y Rita for an
excellent review, 2003).

Secondary Brain Damage

Secondary brain damage occurs as a result of later-
developing lesions or physiological processes stemming
from the primary injury. Intracranial factors include
hematomas, brain swelling, infection, subarachnoid hem-
orrhage, hydrocephalus, and seizures. Extracranial factors
include respiratory failure and cardiovascular compromise
with hypoxia. With a given Glasgow Coma Scale score, out-
come will be poorer and will involve injuries to other organ
systems when secondary brain damage is sustained, but the
complex relationship between multiple organ or bodily
system compromise and brain injury is not well defined
(Bruce 1995).

Epidural hematomas often result from a tear of the
meningeal artery. These hemorrhages can expand very
rapidly and require prompt surgical evacuation. Epidural
hematomas are somewhat more common in children and
adolescents and are associated with an 18% mortality rate
(Ward 1995a). Subdural hematomas are rare in childhood
and are associated with greater overall severity of traumatic
brain injury than in adults. The exception is subdural
hemorrhages in infants, which are frequent sequelae of
child abuse (Caffey 1972, Ward 1995a).

Brain swelling results from two mechanisms. Increased
cerebral blood volume leads to failure of vascular
autoregulation in the brain. There is also true cerebral
edema, which can be vasogenic or cytotoxic. Both brain
swelling and mass lesions increase brain volume and can
lead to increased intracranial pressure. The brain attempts
to accommodate the added volume and increasing
intracranial pressure by making adjustments to blood flow
and cerebrospinal fluid. When brain volume exceeds the
capacity of this autoregulation, intracranial pressure rises
rapidly (Fig. 24.7). Subsequent compromise in cerebral
perfusion pressure and cerebral blood flow can lead to
ischemic damage. Such ischemia is associated with poorer
outcome and is characterized on CT scan by a low-density

75191_ch24.qxd  10/5/05  22:13  Page 527



528 Section III: Neuropsychiatric Aspects of Neurologic Disorders of Children and Adolescents 

brain ratio and an indistinct separation of white and gray
matter (Bruce 1995).

Ischemic injury can also result from increased intracra-
nial pressure; brain shift that compresses or damages arter-
ies; arterial spasm; and complications from extracranial
events, such as respiratory compromise or frank apnea.
Ventricular enlargement is commonly seen months to years
after severe brain injury and results from atrophy of the
white matter. Progressive hydrocephalus is rare but can be
caused by scarring. Abscess formation within the brain is a
complication of penetrating traumatic brain injury and is
usually prevented by debridement of the brain and closure
of the dura and skin (Reitan and Wolfson 1986; Teasdale
and Mendelow 1984).

After traumatic brain injury, early seizures occur in 6%
of mild and 35% of severe traumatic brain injuries in chil-
dren (Bruce 1993). Seizures associated with mild traumatic
brain injury are unique to childhood (Jennett and Teasdale
1981). Early seizures are more common in children under
age 5 years; they generally occur within the first 24 hours
and do not predict outcome (Hauser 1983). One third of
patients have only a single seizure.

Early seizures should be distinguished from later-onset
epilepsy, which develops in 5% of patients with traumatic
brain injury. Partial seizures are more common than gener-
alized seizures. Localized scar tissue within the brain is one
source proposed for this complication. However, vascular
lesions, gliosis, disruption of glial–neuronal relationships,
and disruption of inhibiting systems are also thought to be
causes of posttraumatic epilepsy. Epilepsy occurs more
commonly following penetrating head injury and is more
likely to occur as the level of severity increases. Individuals
with intracerebral hematoma and prolonged loss of
consciousness also are more likely to develop epilepsy.
Injuries to the posterior frontal and parietal regions are
more likely to result in later-onset epilepsy (Hauser 1983;
Jennett and Teasdale 1981). It is common for adults with a
history of early seizures to develop later-onset epilepsy, but
this is not the case for pediatric patients.

Child Abuse

Shaken baby syndrome is characterized by acute subdural
hematoma and retinal hemorrhages. Shaking a young

Figure 24.7 Intracranial pressure-volume of mass curve indicating change to uncompensated
state. When mass increases, some compartments decrease to compensate. Intracranial pressure (ICP)
increases rapidly when brain mass exceeds the capacity of the systems to compensate. CSF � cere-
brospinal fluid. Reprinted from Ward JD. Craniocerebral injuries, in Management of Pediatric Trauma.
Edited by Buntain WL. Philadelphia: WB Saunders, 1995, pp. 178–188. Used with permission.
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infant causes deceleration and rotational force injuries
and is believed to involve an impact injury as well (Caffey
1972; Duhaime et al. 1992; Sato et al. 1989). Apnea and
hypoxia are common consequences of inflicted brain
damage. Immediate medical attention is often not sought
following abuse, and this can set the stage for a cascade of
secondary damage to ensue. The unconscious child is put
to bed and breathing is further compromised, leading to
further increased intracranial pressure and ischemia. Med-
ical attention may not be sought until the situation has
progressed to deep coma. At presentation, the infant may
be in coma or cardiac arrest, with bulging fontanelles and
retinal hemorrhage, but often no external evidence of
head injury (Bruce 1995). CT scan may show subdural
hemorrhage and low-density brain swelling, and MRI of-
ten shows multifocal hemorrhage (Bruce and Zimmerman
1989). Infants who present with reduced consciousness
have a poor outcome (Reece and Sege 2000): one third
will die, one third will have severe disability, and one
third will have a moderate to good recovery (Bruce 1995).

Several physical signs are considered pathognomonic
for abuse. Subdural hematoma is a case in point. In in-
fancy, subdural hematoma is an infrequent result of falls,
even from heights. Metaphyseal fractures and failure to
thrive are signs that raise the possibility of abuse in a given
child (Figs. 24.8 and 24.9). Fractures and wounds at differ-
ent stages of healing, and external marks that conform to
the shape of a hand, teeth, or object, are also suggestive of
abuse. In addition, parents often give vague or contradic-
tory accounts of the “accident” (Billmire and Myers 1985;
Hettler & Greenes, 2003).

Figure 24.8 An algorithm for determining presence of inflicted injury in very young children. Solid
lines indicate a “presumed” inflicted injury, and dashed lines indicate less conclusive or “suspicious”
findings. Reprinted from Duhaime AC, Alario AJ, Lewander WJ, et al. Head injury in very young chil-
dren: mechanisms. injury types, and ophthalmologic findings in 100 hospitalized patients younger
than 2 years of age. Pediatrics 90:179–185, 1992, p. 180. Reproduced by permission of Pediatrics.

Figure 24.9 Cranial computed tomography (CT) image from 2-
month-old infant who was born at 36 weeks’ gestation with in-
flicted traumatic brain injury. Patient was brought to the emer-
gency department in status epilepticus, and CT showed bilateral
subdural hematomas. Skeletal survey showed healing fractures in
the tibia and femur. Courtesy of I. Jarjour, M.D., Allegheny General
Hospital, Pittsburgh, Pennsylvania.

Sports-Related Injuries

When the athlete’s head is at rest and struck by another
object (as in a “left hook”), maximal damage is usually
sustained beneath the site of cranial impact. When the
athlete is in motion and strikes his or her head with a
moving object, maximal injury is sustained opposite the
site of impact or countra-coup. Shearing from rotational
forces can be significant in high velocity impacts. The

75191_ch24.qxd  9/28/05  23:28  Page 529



530 Section III: Neuropsychiatric Aspects of Neurologic Disorders of Children and Adolescents 

athlete who sees the blow coming will tense his neck
muscles, and thereby suffer less of these rotational-related
injuries (Cantu 1986).

The previous section on the pathophysiology of mild
traumatic brain injury explains much of what occurs in
sports-related injury. However, the concepts of second-
impact syndrome is unique to the sports literature. “Vascu-
lar congestion syndrome” was initially reported by Kelly
(1991) after a high school football player died from
uncontrollable increases in intracranial pressure after
sustaining two concussions in a game. There are 25 to 30
putative cases of second impact syndrome (Cantu and Voy
1995; Mueller et al. 1996), but McCrory (2001) recently
critically reviewed these data. McCrory studied the case re-
ports of athletes who had severe, unexplained cerebral
swelling after concussion, and found many did not have
conclusive evidence of a concussion in temporal proximity
to the offending insult. He also recognizes that the syn-
drome is, curiously, seen only in the United States, while
other countries may report significantly higher rates of con-
cussive injuries during sporting. All the published cases of
second impact syndrome occurred in adolescents, and this
age group may have a higher rate of cerebral swelling and
disturbed autoregulation after mild traumatic brain injury
regardless of whether there was a second impact.

Another concept unique to sports-related traumatic
brain injury is dementia pugilistica, identified initially from
the sport of boxing, and due to repeated blows to the head,
is characterized by chronic headache, imbalance, fatigue,
dysarthria, and neurocognitive and functional deficits.
Distinct neuroanatomical abnormalities have been found
throughout the brain (Stiller and Weinberger 1985) in
adults. The sport is uncommon in pediatric circles.

On a final note, many studies suggest that regular
helmet use and design specific to the sport can ameliorate
the occurrence and severity of sports-related concussion.

OUTCOME

Recovery is related to the severity of initial brain damage,
primarily diffuse axonal injury. A secondary mass lesion
that initially depresses consciousness may cause only
reversible brain injury if treated promptly. Whereas
children may be less vulnerable to mass lesions, they may
be more susceptible to bilateral diffuse brain swelling and
to subsequent ischemic injuries (Bruce et al. 1978, 1979).
Ischemia is probably the most pernicious of the secondary
complications. Recent human trauma research efforts in
neuropharmacology have been aimed at introducing
agents, such as free radical inhibitors, early in medical
treatment to attempt to attenuate some of the secondary
damage that ensues in the immediate surround of ischemic
lesions (Honig and Albers 1994). There have been some
limited, favorable outcome data, but studies with children
are extremely rare (Ward 1995b).

The Glasgow Coma Scale is a useful method of grading
severity and predicting outcome in adults (Levin et al.
1990; Taylor 1992), although in the 13 to 15 range, GCS is
unrelated to later neuropsychiatric sequelae (McCullagh et
al. 2001). However, this scale is less reliable in pediatric
cases, especially those involving infants and preschoolers
(Bruce 1983), and it is not entirely clear that the scale
predicts cognitive outcome in this population. Length of
posttraumatic amnesia may serve as a better predictor of
neurocognitive outcome than length of coma in adults
(Shores 1989), and it predicts later memory function in
children (Ewing-Cobbs et al. 1990). Neurological indices
of pupillary and brainstem reflexes are good predictors of
independence, whereas hemiparesis and early seizures are
not (Eisenberg 1985; Hauser 1983; Levin et al. 1990).
Elevated intracranial pressure portends a poor outcome.

Overall Outcome

The Glasgow Outcome Scale (Jennett and Bond 1975) has
become the standard instrument to measure outcome after
traumatic brain injury in adults. Outcome is divided into
five categories: (1) death, (2) persistent vegetative state, (3)
severe disability, (4) moderate disability, and (5) good re-
covery. A lower rate of severe injuries during childhood
(Kraus et al. 1986) and multiple medical problems in the
elderly may contribute to this trend in overall mortality
rates (Goldstein and Levin 1987). Although considerable
discrepancy exists among research reports, most evidence
suggests that mortality rates may be lower in children com-
pared with in adults, when rates are equated for severity of
injury (Alberico et al. 1987; Bruce et al. 1979; Kraus et al.
1986; Luerssen et al. 1988). Nevertheless, infancy does
appear to be a vulnerable period, with a high rate of
mortality from severe injury (see, e.g., Luerssen et al. 1988).

Infants and children are generally recognized to have a
greater potential for neurological recovery than adults,
especially with anoxic and ischemic insults (Ashwal et al.
1992). The persistent vegetative state following traumatic
brain injury is rare in childhood (occurring in fewer than
1% of children admitted to hospitals for traumatic brain in-
jury), and 90% of pediatric traumatic brain injury survivors
will recover to a moderately disabled state or better after 3
years (Bruce et al. 1978, 1979). Because children, com-
pared with adults, are less likely to die and because they
recover well physically and are less likely to be left with
permanent neurological sequelae such as aphasia, it has
been commonly assumed that traumatic brain injury is less
pernicious in childhood. This is not the case, however,
when one looks at academic, neuropsychological, or psy-
chiatric criteria (Fletcher et al. 1995). Neuropsychological
studies suggest that cognitive deficits in childhood may
linger, and to a greater degree than in adulthood (Brink et
al. 1970; Fletcher et al. 1987). The Glasgow Outcome Scale
apparently is not sensitive to unique factors in childhood
such as the effect that brain injury has on disrupting later
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development of function (Fletcher et al. 1987). Because a
child is in a developing state, a return to a previous level of
functioning is not the same as recovery if the child has not
returned to the same trajectory of developmental progress.

Neuropsychological Deficits

There is general agreement on the shortterm neuropsycho-
logical effects of pediatric traumatic brain injury, but less
consensus exists regarding longterm effects. Severity of
injury interacts with other factors influencing neurobehav-
ioral recovery from traumatic brain injury. These factors
include age at which the injury was sustained, extent of
injury (focal vs. diffuse lesions), and time since injury.

Specific Age Factors Contributing to Outcome and
Recovery
Both animal and human studies of brain injury suggest that
the age at which the injury was sustained is a major
contributor to eventual outcome. This set of research data
provides a conceptual framework for understanding the
effects of traumatic brain injury in children. In contrast to a
commonly held belief, recent evidence does not support
the notion that the young brain is less vulnerable to insult
or recovers better than the mature brain. Emerging evi-
dence suggests that there are cognitive effects that can occur
late, which are attributed to patients’ “growing into their
deficits,” especially executive function deficits (Grattan and
Eslinger 1991; Kolb 1995; Slomine et al. 2002).

The assumption that the immature CNS affords greater
plasticity was based in part on the view that different brain
regions could support the function subserved by the dam-
aged region. The basis for this view was the relative sparing
of language in young children who experience significant
left-hemisphere damage, including hemispherectomy.
However, although children resume the capacity to speak,
they may also manifest more subtle communication
dysfunction. It is likely that the age limit for hemispheric
transfer of function may be lower than was commonly
believed (Kolb 1995). In addition, sparing of communica-
tion skills may occur at a price, such as lowered overall IQ
(Boll and Barth 1981).

Language recovery may be unique in childhood simply
because the etiology and pathophysiology of the injury
differ from that in adults. Much of the research on recov-
ery from aphasia was obtained from studies on adults
who suffered vascular lesions, which are rare in child-
hood. When vascular lesions are present in childhood,
deficits appear more similar to those in adults (Dennis
1980). This point signals that one must be cautious when
contrasting adult and childhood recovery from traumatic
brain injury, because pediatric cases differ from adult
cases in common mechanisms of injury, severity of injury,
and medical complications.

Studies of recovery from focal damage indicate that
some functions, such as language, may recover better than

others. Woods (1980) did not find evidence of compensa-
tion of visuospatial function after right-hemisphere
damage in early infancy. Relevant to outcome in pediatric
traumatic brain injury is the research considering recovery
of executive function after early insult. Goldman (1971,
Goldman et al. 1970) found that orbitofrontal lesions
produced similar deficits in young and mature monkeys
but that there was relative sparing of function following
dorsolateral lesions.

The extent of injury may influence recovery, with less
recovery expected when an entire functional area is
affected. With diffuse cerebral injury, residual cognitive
deficit may be more severe when the injury occurs in early
infancy rather than in later childhood. However, we now
know that the relationship between age at injury, lesion site
and size, and cognitive outcome is complex (summarized
in Kolb 1995). IQ is particularly vulnerable to early brain
damage (Boll and Barth 1981).

Fletcher and Levin (1988), in a review of research on age
factors in traumatic brain injury, found evidence for greater
compromise in children younger than 6 years of age.
However, the findings from earlier studies that show worse
outcome in the younger sample may have been colored by
a high rate of traumatic brain injury from abuse. It is now
known that abused children may suffer more severe
injuries, may differ from nonabused children prior to the
injury, and have a worse general outcome after traumatic
brain injury (Goldstein et al. 1993, Michaud et al. 1992;
Trickett et al. 1991). When a subsample of physically
abused children was removed from analyses, younger and
older children with severe injury were equally compro-
mised from traumatic brain injury (Kriel et al. 1989).
Nevertheless, age effects noted in other studies that did not
include abuse as a confound suggest somewhat worse
outcome in younger children when severity of injury is
equated with that in older children (Ewing-Cobbs et al.
1987; Gulbrandsen 1984, Levin et al. 1982). This is
especially true for the preschool age group (Michaud et al.
1993; Wrightson et al. 1995). Slomine and associates
(2002) found evidence that children injured at a young age
where more likely to demonstrate executive function
deficits than those injured later.

There is increasing evidence that skills in a rapid state of
development at the time of injury may be more vulnerable
to the effects of traumatic brain injury. Preschoolers are
likely to demonstrate compromise in motor and expressive
language skills (Ewing-Cobbs et al. 1989), and school-age
children may be more compromised in reading (Barnes
1999; Shaffer et al. 1975) as well as written language
(Ewing-Cobbs et al. 1987).

Time Since Injury
Adults and children differ in the time it takes to reach a stable
point in recovery. The severity of injury is also a factor. In
adults, the Glasgow Outcome Scale reliably predicts the
amount of disability in 90% of victims within the first 6
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months after the event (Jennett 1983). In children younger
than 14 years of age, motor and sensory deficits recovered
within 3 months, at which point the recovery was considered
stable (Black et al. 1971). However, neurocognitive recovery
can be more prolonged, particularly after more severe
injuries. After milder injuries, neurocognitive recovery takes
place within the first 6 to 12 months after the injury and
slows after 12 months (Brooks and Aughson 1979; Jones
1990). Plateaus may be reached after 1 year in moderate to
severe injuries as well (Yeates et al. 2002). The recovery
gradient may remain steep through the second year for very
severe injuries and may continue into the third year
(Chadwick et al. 1981). Simple information-processing
deficits present 3 years after injury can be considered perma-
nent, and compromise in more complex intellectual skills
can be considered permanent after 5 years (Long et al. 1984).
Lingering sequelae can be observed after traumatic brain
injury of any degree of severity, even after mild injury.

Neurocognitive Deficits Related to Severity 
of Injury
Mild traumatic brain injury commonly results in reduced
information-processing capacity. In the early posttraumatic
phase, the patient may process information more slowly,
be inattentive and distractible, and appear forgetful (Gron-
wall 1989). Memory, attentional, and information-
processing deficits form the core cognitive constellation
known as postconcussion syndrome (Table 24.8). Postconcus-
sion syndrome also includes a number of physical and
emotional complaints. Studies in which groups of adult pa-
tients with mild traumatic brain injury were paired with or-
thopedic control groups indicate that certain somatic com-
plaints and patterns of cognitive dysfunction may be
specific to traumatic brain injury, whereas pain and emo-
tional distress may be a nonspecific response to trauma in
general. Postconcussion syndrome frequently resolves 1 to
3 months after the injury, but a subgroup of mildly injured
patients may suffer more lingering neuropsychological
deficits and/or subjective discomfort. Cognitive perfor-
mance follows a predictable recovery curve, but subjective

complaints do not (Alexander 1992; Cicerone and Kalmar
1995; Gerber and Schraa 1995).

The incidence and source of postconcussion syndrome
in adults, particularly persistent subjective complaints,
have been the focus of considerable controversy in recent
years (see, e.g., Bohnen et al. 1994). Postconcussion syn-
drome is easily and reliably feigned (Mittenberg et al.
1992) and is subject to considerable secondary gain from
litigation compensation (Youngjohn et al. 1995). Person-
ality factors, such as somatization, also play a role (Karz-
mark et al. 1995). On the other hand, positron- emission
tomography (PET) and neuropsychological test data, and
even histological examination provide support for
neuropathology of postconcussion syndrome even in the
absence of abnormalities on MRI or CT (Bigler 2003).
These findings are unrelated to history of loss of con-
sciousness. The most pronounced neuropathology is found
in frontal and anteriotemporal regions (Ruff et al. 1994).

Thus, although malingering or somatization may
indeed be factors, there is strong evidence for an organic
etiology in certain cases of persistent postconcussion
syndrome, particularly when neuropsychological deficits
are present. High-speed motor vehicle accident, age over 30
years at time of injury, and early presentation of cognitive
dysfunction are relatively more common among patients
with persistent postconcussion syndrome (Leininger et al.
1990). Factors that may make adjustment more difficult in
the period following the injury include immediate return
to school or work, emotional reactions to the accident, and
preexisting obsessive-compulsive disorder or other anxiety
disorders (Ruff et al. 1986). Symptoms common to post-
traumatic stress disorder do not occur in mild traumatic
brain injury (Sbordone and Liter 1994).

Information-processing deficits occur in children and
adolescents following mild traumatic brain injury, particu-
larly in the acute stages (Bassett and Slater 1990; Levin and
Eisenberg 1979a, 1979b). Although initial cognitive deficit
is apparently a common sequela of pediatric head injuries
of mild severity, there is little evidence of sustained neu-
rocognitive or learning deficit in the majority of children
(Asarnow et al. 1995; Bawden et al. 1985; Bijur and Haslum
1995; Chadwick et al. 1980; Gulbrandsen 1984; Levin et al.
1988). Research on traumatic brain injury in preschoolers is
quite limited and inconsistent. Shortterm prospective stud-
ies suggest preschoolers recover much the same as older
children after mild traumatic brain injury (Anderson et al.
2000; Arffa and Goldstrum 2003a). Other studies suggest
that preschoolers may be especially vulnerable to mild head
injury, and it may take years for the deficit to become fully
apparent (Gronwall et al. 1997; Wrightson et al. 1995). For
example, Roberts and colleagues (1995) described a young
child who sustained whiplash injury in a motor vehicle
accident without loss of consciousness. Staring spells, brief
confusional episodes, and emotional outbursts were
noted 2 years after injury, and epileptiform activity was
documented on the electroencephalogram (EEG) 4 years

TABLE 24.8
POSTCONCUSSION COMPLAINTS

Cognitive Emotional Somatic 
Complaints Symptoms Symptoms

Poor concentration Depression Fatigue
Forgetfulness Anxiety Dizziness
Slowness in thinking Irritability Blurred vision
Indecisiveness Reduced tolerance Oversensitivity to 

for frustration light and noise
Low self-confidence Tinnitus

Sleep problems
Poor coordination
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after injury. PET scan revealed hypometabolism in both
temporal lobes, and neuropsychological testing docu-
mented verbal and visual memory deficits. The outcome for
children sustaining multiple concussion has not been ade-
quately addressed in the pediatric literature (Bijur and
Haslum 1995), although there is emerging literature from
sports medicine indicating greater neurocognitive compro-
mise with multiple concussions.

There is comparatively little research on reported post-
concussion complaints in children and adolescents. Casey
and colleagues (1987) reported minimal reporting of physi-
cal and emotional symptoms in children with “minor” trau-
matic brain injury (i.e., no loss of consciousness or altered
level of consciousness); headache was more frequently re-
ported following mild traumatic brain injury in children
(Farmer et al. 1987; Klonoff et al. 1977; Lanser et al. 1988)
and preschoolers (Arffa and Goldstrum, 2003c). Children
with moderate traumatic brain injury showed significantly
more postconcussion complaints than did children with
other injuries both acutely and after 6 months (Barry et al.
1994). Persistent postconcussion syndrome has received lit-
tle attention, and the frequency with which it occurs (or even
whether it occurs) in pediatric samples is not known.

More severe injuries in childhood result in persisting
neurocognitive compromise (Table 24.9). Excellent re-
views are available on this subject (Dalby and Obrzut
1991; Fletcher and Levin 1988; Fletcher et al. 1987; Levin et
al. 1995, Yeates et al. 2002). There is a moderate correlation
between length of coma and both psychometrically as-
sessed IQ (Brink et al. 1970; Chadwick et al. 1981; John-
ston and Mellitz 1980; Klonoff and Paris 1974; Levin and
Eisenberg 1979b; Levin et al. 1982; Winogren et al. 1984)
and school achievement (Shaffer et al. 1980). Persistent
problems in school achievement are common (Berger-
Gross and Shackelford 1985; Brink et al. 1970; Ewing-

Cobbs et al. 1998; Fuld and Fisher 1977; Heiskanen and
Kaste 1974; Klonoff et al. 1977).

Language deficits do not conform to any particular dys-
phasic pattern, and receptive language function is relatively
spared (Ewing-Cobbs et al. 1985, 1987; Levin and Eisenberg
1979a). Language problems at the discourse level may be
particularly persistent (Chapman 1995; Dennis and Barnes
1990), and the role of the frontal lobes in this type of com-
munication disorder has been highlighted in both adults
(Alexander et al. 1989) and children (Chapman 1995).

Attention and memory deficits are common after severe
pediatric traumatic brain injury. They tend to persist for at
least 1 year and may lead to academic failure marked by
problems in assimilating new information (Gaidolfi and Vi-
gnolo 1980; Kaufman et al. 1993; Levin and Eisenberg
1979a, 1979b; Levin et al. 1982, 1988). Immediate or short-
term memory deficits may be common in developmental
disorders such as attention-deficit/hyperactivity disorder
(ADHD) and dyslexia, but longterm memory deficits in
these disorders are uncommon. The anatomic regions re-
sponsible for the transfer of verbal and visual information
into longterm storage are discrete and localized and thus
vulnerable to damage from traumatic brain injury. Memory
deficits, therefore, appear to be unique to acquired brain in-
jury in children, although it is possible that mental retarda-
tion with or without autism may be another manifestation
of a developmental amnesia (Pennington 1991).

Visuomotor and visuospatial deficits are present in
some patients (Bawden et al. 1985; Chadwick et al. 1981;
Hannay and Levin 1984; Klonoff et al. 1977; Levin and
Eisenberg 1979a, 1979b; Levin et al. 1982).

The impact of traumatic brain injury on executive func-
tion in children is an evolving and promising area of re-
search. Executive deficits are cognitive processes that in-
clude voluntary initiation and inhibition of behavior;
selective attention; planning; organization; and ability to
switch sets. These deficits result from damage to the pre-
frontal regions or their connections, as well as diffuse in-
jury. Although the advanced organizing functions of the
frontal lobes may not be functional until adolescence (12
to 15 years) or adulthood (see, e.g., Golden 1981), there is
evidence for an evolving functional state of the frontal
lobes. Animal and human studies provide support for the
development of core frontal lobe skills as early as 6–9
months in humans and at parallel ages in monkeys (Dia-
mond and Goldman–Rakic 1989). Developmental re-
searchers (Chelune and Baer 1986; Dennis 1991; Levin et
al. 1991; Mateer and Williams 1991; Passler et al. 1985;
Welsh and Pennington 1988) have documented the ex-
pected ages for mastery in a wide range of executive func-
tions, with continued development noted at least through
age 15 years. In adults and children, neuropsychological
evidence of executive function deficits secondary to trau-
matic brain injury has been identified that correlates with
the CT and MRI findings (Goldstein and Levin 1991; Levin
et al. 1995; Slomine et al. 2002).

TABLE 24.9
NEUROCOGNITIVE DEFICITS SECONDARY TO
SEVERE TRAUMATIC BRAIN INJURY IN
CHILDREN

Intelligence Intellectual level depressed with longer
periods of unconsciousness

Achievement Persistent academic problems noted in 
reading, math, and other areas of school
achievement

Language Dysnomia, dysgraphia, reduced verbal 
fluency, problems in writing to dictation, 
problems in discourse (i.e., misinterpre-
tation of ambiguous messages)

Attention/memory Persistent deficits common
Visuomotor Problems on tasks of speeded performance

and reaction time; visuospatial deficits 
noted

Executive function Problems in planning, strategy 
development
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Finally, there has been some support for “cognitive
reserve” theory (Ropacki & Elias, 2003) suggesting that a
previous brain insult (or other conditions that diminish
cognitive reserve such as substance abuse), potentate the
cognitive sequelae that adults experience after mild to
moderate traumatic brain injury.

Behavioral and Psychiatric Disorder
Secondary to Traumatic Brain Injury

Early uncontrolled research identified high rates of psychi-
atric disturbance in groups of patients with brain damage
of multiple etiology (Gudmunsson 1966; Holdsworth and
Whitmore 1974; Pond and Bidwell 1960). More recent
controlled studies confirmed that brain injury increases the
likelihood of psychiatric disturbance (Brown et al. 1981;
Rutter et al. 1970; Seidel et al. 1975; Shaffer et al. 1975;
Weiland et al. 1992). Psychiatric disorder is twice as likely
to be found in children with cerebral damage from multi-
ple causes than in children with physical disabilities or
chronic illnesses or healthy control children. Increased
rates of psychiatric disorder have been correlated with
more severe brain injury, greater cognitive impairment, and
complicating psychosocial difficulties (Breslau 1985, Kirk-
wood et al 2000; Rutter et al. 1970; Seidel et al. 1975;
Schwartz et al. 2003; Taylor et al. 2002).

Behavioral morbidity may be more common with early
bilateral damage than with unilateral damage (Chelune
and Edwards 1981). Behavioral disturbance is also greater
if seizure or EEG disturbance occurs at younger ages. Dis-
turbance of functioning like that present in epilepsy may be
more harmful than actual removal or decay of tissue, since
beneficial neuroplasticity may not occur. However, these
findings may simply reflect a greater degree of brain pathol-
ogy or effects of longterm anticonvulsant treatment
(O’Leary et al. 1983).

Although brain damage increases the likelihood of psy-
chiatric disturbance, it does not predispose one to a specific
disorder or symptom cluster (Rutter et al. 1970). The pat-
tern of psychiatric disorder in individuals with brain dam-
age is similar to that seen in the general population (Bijur
and Haslum 1995; Shaffer 1985). The effect of early brain
injury may be to increase the variability of behavioral re-
sponse (O’Leary and Boll 1984), a hypothesis that is con-
sistent with the fact that psychiatric disturbance results
from an interplay of direct and indirect effects of brain
damage, secondary emotional responses, and family and
environmental contingencies.

Injury Severity
In traumatic brain injury, a specific interaction between be-
havioral disturbance of recent onset and head injury sever-
ity/neurocognitive sequelae has been found. Findings from
studies of this phenomenon vary considerably depending
on what criteria were used to describe behavior problems or
change (e.g., Brink et al. 1980; Fletcher et al. 1990; Rivara et

al. 1994). In studies by Rutter and colleagues (Brown et al.
1981; Rutter et al. 1983), the rate of new-onset psychiatric
disorder in children with severe head injury was three times
that in orthopedically injured control patients. In a recent
study (Schwartz et al. 2003), behavioral dysfunction was
recognized in 36% of severely injured, in 22% of moder-
ately injured children with traumatic brain injury, com-
pared to a 10% occurrence in the orthopedic control group.
Behavioral disposition may actually worsen over time in
persons with severe injury (Fletcher et al. 1995; Schwartz et
al. 2003). A severity threshold was proposed; the risk of psy-
chiatric disorder is much higher in very severe injury (de-
fined as posttraumatic amnesia lasting 22 days or longer)
than in severe (posttraumatic amnesia lasting 7 to 21 days)
or mild injuries. Threshold effects noted in other studies
(e.g., Levin and Eisenberg 1979b) were lower than those
found by Brown and colleagues. No significant difference in
rate of new psychiatric disorder was observed in children
with mild injuries and orthopedic control groups (Brown et
al. 1981; Fletcher et al. 1990; Rutter et al. 1983). Preinjury
behavior was related to behavioral outcome in Rutter and
colleagues’ studies; more than half of the children with a
doubtful disorder developed a definable disorder, and all
had symptoms.

Psychiatric disorder was found to be related to length of
posttraumatic amnesia, presence of neurological abnor-
malities, and degree of intellectual impairment, but per-
sisting neurocognitive dysfunctions were less predictive of
behavioral disturbance after 1 year. These findings suggest
that other factors, such as noncompliance with treatment
recommendations, presence of litigation, deviant patterns
of relating in the family, and psychosocial adversity, were
instrumental in causing later behavioral dysfunction
(Brown et al. 1981; Fletcher and Levin 1988; Fletcher et al.
1990; Rutter et al. 1970; 1983; Shaffer et al. 1975, 1980;
Schwartz et al. 2003; Taylor et al. 2002).

Age at Injury
In comparison to neurocognitive morbidity, there is less
support for increased risk of behavioral problems in
younger age groups (Fletcher et al. 1990; Klonoff and Paris
1974; Shaffer et al. 1975). Johnston and Mellitz (1980)
suggested that age was not a good predictor of behavioral
outcome once length of coma was controlled. Preschoolers
have not been extensively studied. In one retrospective
study (Michaud et al. 1993), children injured as preschool-
ers showed increased behavioral morbidity at school age.
The authors suggested that injury during the preschool
years may cause more behavioral disturbance than does in-
jury later. However, Arffa and Goldstrum (2003b) found a
very high initial base rate but no evidence of new behav-
ioral disorder in mildly to moderately injured preschoolers
at a 6 month follow-up.

However, age at injury may affect the manifestation of
the behavioral disturbance. Klonoff (1971) reported that
the most common complaints in the postacute period of
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traumatic brain injury in preschoolers were irritability and
personality change and in school-age children headache
and dizziness. Brink and colleagues (1970) found that chil-
dren age 10 years and younger had symptoms of hyperac-
tivity, destructiveness, decreased attention, impulsivity,
and aggression, whereas children older than 10 years of age
showed affective disturbance and poor judgment.

Symptoms/Disorders
After severe traumatic brain injury, a large variety of psy-
chiatric symptoms can be found (Black et al. 1971; Brink et
al. 1980; Shaffer 1995), and disinihibited, socially inap-
propriate behavior is more common than other behaviors
(Brown et al. 1981). Insensitivity to emotional cues, even
the misreading of positive emotions as negative, may be a
factor leading to social compromise (L. Peterson 1991).
Even with cognitive recovery, children with severe head in-
juries had more behavioral problems, were more socially
inept, and had poorer adaptive living skills than their sib-
ling control (Perrott et al. 1991). Two of five children man-
ifesting disinhibition in the study by Brown and colleagues
(1981) later received a diagnosis of ADHD. Depression has
recently been identified after moderate-to-severe pediatric
traumatic brain injury, on clinicians and family reports.
The child or adolescent did not self-report depressive symp-
toms, but this may be a failure of self-awareness. Depres-
sive symptoms correlate with family pathology but not
cognitive dysfunction (Kirkwood et al. 2000; Viguier et al.
2001). Depressive symptoms resolve faster than externaliz-
ing symptoms (Bloom et al. 2001).

Overall, the risk of later-developing schizophrenia is in-
creased in a head-injured population (2 to 3% risk) com-
pared with the neuropsychiatrically normal population
(0.8% risk) (Davidson and Bagley 1969; Wilcox and Nas-
rallah 1987). It is uncertain, however, whether brain injury
raises the threshold for schizophrenia or whether the fa-
milial characteristics of children at risk for schizophrenia
are the same as those for children at risk for head injury
(i.e., impaired caretakers who also suffer schizophrenic dis-
turbance).

Lesion Location
Lesion location has been tied to certain psychiatric disor-
ders in adults with traumatic brain injury. For instance, de-
pression and mania have been tied to right frontal lobe
damage. Mania is a rare complication of traumatic brain in-
jury and may require focal right-hemisphere lesions and a
genetic predisposition for affective disorder. Acute-onset
depression is thought to be lesion-related, whereas depres-
sion of later onset may be mediated by psychosocial fac-
tors. Paranoid delusional syndromes have been reported in
both right and left frontal lesions, sometimes coupled with
lesions elsewhere (Guze and Gitlin 1994; Jorge et al. 1993;
Malloy and Duffy 1994; Starkstein et al. 1990).

There is comparatively less research involving pediatric
traumatic brain injury samples. Shaffer and colleagues (see

Shaffer 1995) found increases in affective symptomatology
in children with lesions localized to the right frontal and
left temporoparietal regions. Sollee and Kindlon (1987)
found a lateralized effect in a pediatric group with brain in-
jury of mixed etiology. Externalizing symptoms were corre-
lated with dominant hemisphere lesion, and internalizing
symptoms, excluding neurovegetative symptoms, were re-
lated to right-hemisphere damage. In an epileptic sample
followed throughout childhood, a schizophrenia-like psy-
chosis was recognized in 13 children with lesions bilateral
or localized to the left hemisphere (Lindsay et al. 1979).

The frontal lobes have recently been implicated in nu-
merous psychiatric symptoms, but, again, more is known
about the adult than the child in this regard (Barkley et al.
1992). Although subdivisions of the frontal lobes are
highly interconnected, there do appear to be symptom pat-
terns tied to the different regions. Orbitofrontal damage
leads to distractibility, stimulus-bound behavior, disinhibi-
tion, and dyscontrol behaviors. Dorsolateral lesions cause
syndromes of executive dysfunction such as the inability to
shift sets, to plan, and to organize. Mesial damage has been
related to apathy and lack of spontaneity (Duffy and
Campbell 1994; Malloy and Duffy 1994; Malloy and
Richardson 1994). Sophisticated neuroimaging has helped
to document the vulnerability of the frontal regions, most
commonly the orbitofrontal region, in adults with trau-
matic brain injury (Ichise et al. 1994).

Our understanding of the effects of frontal damage in
childhood has been limited by the paucity of knowledge
about the normal development of executive functions, the
relatively low incidence of focal frontal lesions in children,
the relatively recent development of neurodiagnostic imag-
ing to the point that it is possible to identify frontal pathol-
ogy, and the limited amount of extended follow-up. How-
ever, several case studies of perinatal and childhood frontal
lobe damage suggest syndromes similar to those seen in
adulthood. Cognitive inflexibility, social disability, reduced
empathic ability, self-regulatory deficits, and problems in
deploying attention are observed. As in adults, frontal lobe
damage in children does not lead to significant reduction in
overall IQ, although pervasive dementia may follow severe
early frontal lobe damage with subcortical involvement.
Functional subdivisions develop during childhood, and
variants of the frontal lobe syndrome, including lateralized
effects, are reported in children. For example, one child who
sustained right frontal damage was able to use verbal medi-
ation to guide behavior, whereas another with left frontal
damage was not. In another child, a mesial frontal lobe syn-
drome marked by aspontaneity was diagnosed at age 9 years
(Benton 1991; Grattan and Eslinger 1991).

A delay in the onset of symptoms has been reported
with all types of brain injury, but particularly with frontal
injury in childhood. One case discussed by Grattan and
Eslinger (1991) involved a youth who sustained frontal
damage at age 7 years and who appeared spared from be-
havioral effects until adolescence, when progressive social
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and emotional deterioration was evidenced. There is some
support for delayed onset of symptoms in animal models
as well (Goldman and Alexander 1977).

Although frontal lobe syndromes bear some similarity
to ADHD, and there is evidence linking frontal lobe func-
tion to this disorder (Chelune et al. 1986; Lou et al. 1984);
children with ADHD do not grow up to show cardinal fea-
tures of these syndromes. In addition, although hyperactiv-
ity does occur with frontal lobe pathology, it is certainly
not a prominent feature (Benton 1991; Grattan and Es-
linger 1991).

Psychosocial Factors
The ultimate expression of psychiatric symptoms depends
on personality and psychosocial factors predating the in-
jury, as well as the family’s ability to cope afterward (Fig.
24.10). In one study, more than half of the children with
adjustment problems following traumatic brain injury had
a history of adjustment problems premorbidly (Brown et
al. 1981). Longer-lasting behavioral problems are associ-
ated with family distress, including marital discord,
parental psychiatric disturbance, and single-parent house-
holds (Brown et al. 1981, Fletcher et al. 1990; Perrott et al.
1991; Yeates et al. 1997).

Severe head injury in children places significant stress
on the parent–child relationship. Children with severe
head injury are significantly more demanding than their
siblings (Perrott et al. 1991). One study of abused children
with neurocognitive dysfunction found that in 50% of the
children the neurological impairment was a consequence
of the abuse, whereas in the other 50% it was a contribu-
tory factor. Failure of the family members to move through
a grieving process can lead to poor adaptation and unreal-
istic expectations, as well as conflict with doctors and care-
givers (Birmaher and Williams 1994).

DIAGNOSIS

Unlike the situation that the clinician faces in dealing with
the adult patient with traumatic brain injury, with children,
a parent or caretaker is usually available to provide history
unencumbered by the neurocognitive limitations that re-
sult from the injury. Parental report of the injury and sub-
sequent behavioral change is likely to be most valid when
obtained in proximity to the event. It is not uncommon,
however, for neuropsychiatric evaluation and treatment to
be pursued years after a traumatic brain injury, when spe-
cific details of the injury and immediate aftermath have
faded from memory. It is also apparent that some parents,
at a loss to explain their child’s behavioral problems, may
retrospectively attribute them to an identifiable past event.
Other parents, uncomfortable with the prospect of an or-
ganic etiology, may highlight situational or other environ-
mental factors.

Because neurobehavioral symptoms have multiple
causes, a comprehensive history should be obtained, in-
cluding developmental, academic, medical, social, and psy-
chiatric histories. Hospital records of acute treatment pro-
vide critical data on injury severity and medical
complications and should be reviewed (Taylor and Price
1994). As many as 32% of children with head injuries may
have a preexisting learning disorder or history of school
failure (Rutter et al. 1970). An important source of collat-
eral information in these cases can be school records and
yearly standardized achievement test scores. When avail-
able, previous psychological or psychiatric evaluations can
be indispensable in defining baseline level of disturbance.
Even with memories clouded by time and personal attribu-
tions, the parent is, in all likelihood, the best source for a
history of behavioral change following traumatic brain in-
jury in children. Specific details, including the exact behav-
iors or symptoms exhibited and the age at onset and the du-
ration or frequency of symptoms, should be elicited.

Thus, comprehensive medical, neurological, and neu-
ropsychiatric assessments are essential in evaluating the
behavior problems of a child or adolescent with a history
of traumatic brain injury. Behavioral rating scales are an
efficient and inexpensive way to gather large amounts of
information on behavioral adjustment, although none

Figure 24.10 Psychosocial adversity and the development of
“new” psychiatric disorders after traumatic brain injury. Numbers
along vertical axis correspond to likelihood of development of psy-
chiatric disorders (1 � as likely, 2 � two times more likely, etc.). Un-
der conditions of high adversity, even control subjects developed
psychiatric disturbance. Psychiatric disturbance was two to three
times more likely in individuals with severe injury under conditions
of high psychosocial adversity. Mild injury was defined as posttrau-
matic amnesia of at least 1 hour but no more than 7 days, limits that
exceed those currently used. Reprinted from Rutter M, Chadwick
O, Shaffer D. Head injury, in Developmental Neuropsychiatry.
Edited by Rutter M. New York: Guilford, 1983, pp. 83–111. Used
with permission of Guilford Press.
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has been developed specifically for the pediatric head-
injured population. A broad focus instrument, such as the
Child Behavior Checklist (Achenbach and Edelbrock
1983), can be used along with scales that highlight certain
cluster symptoms. Structured interviews for children may
be selectively tapered after initial screening with a behav-
ior checklist. Taylor and colleagues (1995) recently devel-
oped a structured interview to identify behavioral changes
and maladaptive family reactions secondary to traumatic
injury.

Finally, diagnosis is limited by the classification systems
we use. A child may display multiple symptoms, but these
symptoms may not meet the DSM-IV criteria for a specific
disorder. Cataloguing and rating the severity of behavioral
symptoms, independent of psychiatric diagnosis, can be
useful in designing treatments. Prigatano (1992) discusses
the need to distinguish between primary and secondary be-
havioral symptoms. For example, aggression may be con-
sidered a “side effect” of frontal damage since such damage
limits the repertoire of behavioral response and the ability
to process complex social interchanges.

Neurodiagnostic Studies

Defining the relationship between neurobehavioral assess-
ments and structural and functional neurodiagnostics is an
area of rapidly evolving research. As sophistication in both
technologies grow, our ability to diagnose traumatic brain
injury in children and provide treatment will greatly im-
prove. Currently, neuroimaging plays a major role in both
acute and postacute assessments of traumatic brain injury.

CT scanning is the procedure of choice in the acute set-
ting in cases of traumatic brain injury, as it is quicker and
less expensive than MRI, relatively less affected by motion
artifact, and contributes information necessary for surgical
management (Taylor and Price 1994). Because it visualizes
bone better, CT is superior to MRI in the diagnosis of skull
fracture. However, MRI is superior to CT in visualizing ar-
eas of contusion next to the skull, because bone artifact
does not interfere, and is better for identifying diffuse ax-
onal injury involving the deep white matter, corpus callo-
sum, or brain stem. MRI (Levin et al.1987a; Akhtar 2003)
identified abnormalities up to four times more often in pa-
tients with mild and moderate traumatic brain injuries
than CT. Gennarelli and colleagues (1982) found MRI to
be ten times more sensitive than CT in visualizing deep
white matter shearing, which is the injury correlated with
depth and duration of coma in primates. MRI is also supe-
rior to CT in identifying certain intracranial hemorrhages,
especially isodense subdural hematomas, in determining
the ages of intracranial hemorrhages, and in estimating the
overall extent of brain damage in the early postacute period
(Alavi 1989; Shores et al. 1990). MRI can be used at later
times to identify deep white matter lesions and ventricular
enlargement, both of which correlate with clinical outcome
and some parameters of neuropsychological study (Verger

et al. 2001; Wilson and Wyper 1992). For these reasons,
MRI is the instrument of choice starting 3 days after injury
(Taylor and Price 1994).

Functional neuroimaging techniques, such as single-
photon emission computed tomography (SPECT), PET,
and fMRI, have a demonstrated role in identifying brain ab-
normalities that correlate with neuropsychological deficit
and neurobehavioral symptoms (Ichise et al. 1994; Shores
et al. 1990). This kind of imaging is not frequently utilized
in the routine care of patients with traumatic brain injuries,
although Johnston and colleagues (2001) suggest that
fMRI may be useful in return to play decisions in athletes.
PET and SPECT can be used to measure cerebral blood
flow, cerebral blood volume, oxygen utilization, glucose or
protein metabolism, and specific neurotransmitter func-
tion and has good spatial resolution. However, it is not
available in most hospital settings because it requires ex-
pensive equipment and highly trained personnel. Although
SPECT has poorer spatial resolution, it is more readily
available than PET and, coupled with structural imaging
and neuropsychological data, can help in understanding
the functional correlates of structural lesions (Wilson and
Wyper 1992). The fMRI can be used to detect changes in
cerebral blood flow or blood volume, although oxygena-
tion is most common (Johnston et al. 2001).

Neuropsychological testing is the most sensitive method
of detecting subtle brain disturbances affecting cognition
and behavior, especially after milder injuries (Taylor and
Price 1994). Neurocognitive function can be impaired even
when the MRI scan is normal (Levin et al. 1993). Recent de-
velopments in understanding the normal development of
various neurocognitive functions (e.g., Welsh and Pen-
nington 1988), and sophistication in test development and
norms (e.g., Heaton et al. 1993), promise to enhance the
utility of neuropsychological testing in pediatric traumatic
brain injury.

MANAGEMENT

Management in the Acute Setting

In the acute setting, the neuropsychiatrist may be called on
to rule out alternative and treatable causes of delirium in
patients with traumatic brain injury (e.g., medication
toxicity) and to establish the role of prior psychiatric
disturbance in current presentation, as well as to assess
functional capacity and the ability to benefit from rehabil-
itation. Environmental manipulation, such as minimizing
environmental noise, establishing predictability in routine,
and utilizing sitters or Naugahyde padded room enclo-
sures, has been useful in controlling agitation that occurs
during recovery from coma (Trzepacz 1994). Educating the
patient and family about the aftereffects of mild traumatic
brain injury may reduce the incidence of emotional and
functional sequelae (Mittenberg et al. 1993).
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Neuroleptics use is controversial. The sedative effects
can increase confusion and lengthen posttraumatic amne-
sia, lower seizure threshold, and result in anticholinergic
toxicity or extrapyramidal reactions (Birmaher and
Williams 1994; Smeltzer et al. 1994). There is some exper-
imental evidence that dopaminergic antagonists may im-
pede neuronal recovery (Gualtieri 1991); this is supported
by animal study (Feeney et al. 1982, 1990; Goldstein 1993;
Hovda and Feeney 1985). However, Elovic and colleagues
(2003) note that much of the caution is centered upon typ-
ical antipsychotics such as haloperidol, and that the atypi-
cal antipsychotics such as clozapine, olanzapine, quetiap-
ine, risperidone, and ziprasidone, target serotonergic
neurons and hold considerable promise in the treatment of
patients with traumatic brain injury. Neuroleptics are fre-
quently prescribed for agitation. When prescribed for psy-
chosis, it is important to ascertain whether the behavior is
psychosis, delirium, or a confabulatory process. The author
recalls the case of a 54-year-old nurse hospitalized on a psy-
chiatric unit after rupture of an anterior communicating
artery. This woman was initially called delusional as she
tried to lead the group therapy sessions on the unit. How-
ever, she suffered a dense amnesia after her lesion, and in
the absence of ongoing memory, assumed her work role in
what appeared to be her work environment. Symptoms
were responsive to reality therapy and ultimately transfer
from the hospital setting.

Research on psychopharmacology in the acute setting
is limited, and most is conducted with adult patients. Two
case of methylphenidate to minimally conscious patients,
led to one positive response, indicating a role for single
subject drug trials (Laborde and Whyte, 1997). Choli-
nomimetic agents in the promotion of cognitive recovery
in the acute period is promising. Citicoline led to de-
creased length of coma and hospitalization and fostered
better rehabilitation potential (Lorenzo 1991). Amanta-
dine may promote faster cognitive recovery when used in
the first 3 months (Meythaler et al. 2002), and clinical tri-
als in the pediatric population are currently under way.
The neuropsychiatrist practicing primarily in the acute set-
ting may want to explore the research on neuroprotective
agents, prominent in the animal literature. Cop-1, a syn-
thetic polymer used in multiple sclerosis, was shown to
counteract the loss of neurons from glycolysis in mice
(Kipnis et al. 2003).

Psychopharmacological Management

The current role of psychopharmacology in the postacute
setting is to control certain emotional and cognitive target
symptoms. To date, there have been few double-blind,
placebo-controlled clinical trials specifically aimed at chil-
dren with traumatic brain injury, and guidelines must be
borrowed from the literature on developmental disorder
and adults with traumatic brain injury (see, e.g., reviews by
Gadow 1992; Ross 1992; Wroblewski and Glenn 1994).

Several caveats are indicated:

1. Monotherapy is better than polypharmacy.
2. Start the medication at low doses and increase

gradually.
3. Reassess often.
4. Carefully monitor side effects.
5. Monitor drug-drug interactions.

Psychopharmacological treatment for arousal and atten-
tion deficits has gained popularity (Wroblewski and Glenn
1994; Whyte et al. 2002). Stimulants have been effective in
reducing distractibility, inattention, and hyperactivity in
children and adults with ADHD (Gualtieri 1988); in im-
proving hypersomnia, hypoarousal, and apathy in patients
with narcolepsy or Kleine-Levin syndrome (Lemire 1993);
and in improving all these symptoms in children with
autism or mental retardation (Birmaher and Williams
1994; Birmaher et al. 1988). Because stimulants appear to
effect change by modulating dopaminergic and noradren-
ergic neurotransmitters, especially in the frontal neocortex,
they are a rational choice for the treatment of the cognitive
sequelae of traumatic brain injury. There is also support
from animal research that stimulants may foster cortical re-
covery (Feeney et al. 1982; Levin and Kraus 1994).
Methylphenidate can be used safely in populations of
brain-injured individuals who are at high risk for seizures
(Wroblewski et al. 1992). The clinical research in traumatic
brain injury samples has been inconsistent, especially in
children. In 10 controlled studies, psychostimulants led to
improved speed of mental processing and observational
ratings of mood and behavior (Whyte et al. 2002). How-
ever, in the two pediatric samples, one was positive (Ma-
halick et al. 1998) and the other disappointing (Williams et
al. 1998). In a carefully controlled study with adults, there
does appear to be some advantage in increasing initial, but
not sustained attention (Whyte et al. 2002).

Cholinomimetic agents, many originally developed to
treat cognitive disorders in adults suffering from Alzheimer’s
disease, may be useful in enhancing cognitive recovery after
traumatic brain injury in adults (Blount et al. 2002). Small
scale clinical studies demonstrated benefits of citicholine
(Levin et al. 1991). Physostigmine effectiveness has been in-
consistent (Cardenas et al. 1994; Levin et al. 1986).
Donepezil led to benefits in two patients (Taverni et al.
1998), three of seven patients (Whitlock 1999), and four pa-
tients (Masanic et al. 2001). A retrospective study of 53 pa-
tients showed benefits on subjective ratings but not cognitive
testing (Whelan et al. 2000). However, only IQ tests were
used, and these are not the most sensitive to posttraumatic
brain injury cognitive dysfunction.

The neuropsychiatrist must consider medication-
induced depression and emotional lability in the differen-
tial diagnosis of traumatic brain injury patients with affec-
tive symptoms (Silver and Yudofsky 1994). Antidepressants
and mood stabilizers have been utilized in the treatment of
posttraumatic affective symptoms. Antiepileptic drugs such
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as carbamazepine have been helpful in stabilizing mood in
adults with traumatic brain injury and have recently been
utilized for treatment of behavior disorders in children both
with and without epileptic seizures (Evans et al. 1987;
Gilberg 1995). Although carbamazepine may be particu-
larly helpful in managing episodic/explosive behaviors as-
sociated with EEG abnormalities (Kuhn-Gebhart 1976),
worsening of symptoms can occur in some children (Birma-
her and Williams 1994). Recently, there has been an explo-
sion of novel anticonvulsants, all of which appear equally
effective in seizure control (Hoch and Daly, 2003), al-
though some have more favorable cognitive effects. For ex-
ample, Galopentin and Lamotrigine were superior to carba-
mazepine and topiramate (Meador et al. 1999, 2001;
Showalter et al. 2000). Tricyclic antidepressants may poten-
tiate seizure potential after severe traumatic brain injury
(Wroblewski et al. 1990).

The treatment of aggressive behaviors calls for careful
analysis of the behavior and environmental contingencies,
diurnal characteristics, and baseline history. Lithium, car-
bamazepine, propranolol, stimulants, and neuroleptics
(especially atypical) have been used in the treatment of ag-
gressive behaviors (Campbell et al. 1984; Elovic et al 2003;
Evans et al. 1987; Gadow 1992).

Behavioral Management Strategies

A multidisciplinary and multimodal approach to behav-
ioral management is best for pediatric traumatic brain in-
jury patients. Specific treatments are selected according to
the age, cognitive level, and psychiatric presentation of the
child or adolescent and the resources in the home and
school. Environmental treatment strategies, recently advo-
cated for adults with traumatic brain injury (Campbell et
al. 1994; Mateer and Williams 1991; Sohlberg et al. 1993),
are probably easier to apply in pediatric samples, since spe-
cial educators and mental health providers are often skilled
in behavioral treatment.

Traditional behavioral management strategies, such as
contingency-reward, response cost, or time-out, may be ef-
fectively applied in the environment of the pediatric pa-
tient with traumatic brain injury. Children with brain in-
jury respond optimally to a consistent, predictable routine
in an environment where sensory stimulation is kept to a
minimum. These patients often cannot tolerate multiple
options or complex contingency contracts. Providing clear,
uncomplicated instructions and breaking multistage prob-
lems into steps is advised. Modeling may not be effective
without instruction identifying the behavior to change and
the target behavior. Some patients may respond to cueing
techniques such as “memory books” and cue cards that
prompt the desired behavior.

Self-control and other metacognitive techniques are
popular in the treatment of children and adolescents with
behavior problems (Kendall and Braswell 1993) and can
be adopted for use in some traumatic brain injury patients

(Feeney and Ylvisaker 2003; Sohlberg et al. 1993). Teach-
ing systematic problem solving, social skills or conversa-
tion training, and verbal rehearsal is suggested for individ-
uals with higher-level executive dysfunctions (see Stuss
1987). Cognitive rehabilitation of related neurocognitive
deficit, such as attentional training and memory cueing sys-
tems, might augment response to metacognitive tech-
niques (Sohlberg and Mateer 1987).

Emotional reactions to the loss of function may occur in
pediatric traumatic brain injury patients who are aware of
their deficits (Cicerone 1991). The “sense of self” can be dis-
rupted, particularly in adolescents, for whom identity issues
are prominent. The utility of more traditional psychothera-
pies for brain-injured individuals has been realized only
relatively recently (Prigatano 1992). Group therapy is advo-
cated, particularly for adolescents (Barin et al. 1985).

Family involvement is critical to the success of other
treatments. Interventions with the family may involve psy-
choeducational and supportive therapy and grief therapy,
as well as cognitive behavior therapy, to increase coping
abilities (Barin et al. 1985). Parents of brain-injured chil-
dren have more stress and psychological distress than par-
ents of orthopedically-injured children (Wade et al. 1998).
Family members benefit from education about brain injury
sequelae (i.e., attributing amotivational syndromes to
frontal pathology and not to recalcitrance). Family patterns
that were previously adaptive (i.e., flexibility in rules or
routine, tolerance of a high level of emotion) may become
devastating to a brain-injured child or adolescent. Dys-
functional patterns present before the injury may be com-
pounded in its aftermath (Wade et al. 2003). Thus, parent
effectiveness training may prove to be of merit. Caring for
a brain-injured child or adolescent places considerable
stress on the parents and siblings in the family. Support
and stress management training for, and in some cases psy-
chiatric treatment of, family members may be indicated.

Rehabilitation and Education

Comprehensive rehabilitation is frequently recommended
after significant traumatic brain injury and is designed to
correct the physical, speech, and cognitive dysfunction that
can follow such injury. Other goals include increasing the
child’s capacity for self-care and returning to school or vo-
cational training. Neuropsychiatric consultation in the re-
habilitation environment is often integral to maximizing
benefit from this setting. Control of aggressive and impul-
sive behaviors and dysphoria, for example, sets the stage for
progress in therapies. Judiciously eliciting the family’s in-
volvement in the rehabilitation process may foster both the
child’s recovery and the family’s adaptation to the child’s
limitations (Novack et al. 1992).

Children with traumatic brain injury must ultimately re-
turn to school and the care of educators. Unlike adults,
who may be able to return to a job that offers predictability
and routine, children are returned to an environment that
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constantly calls for new learning and adaptation to novel
settings. At the same time, educational settings may be ill
equipped to manage the head-injured child.

Children with head injuries are entitled to special
education services under the category of “other health im-
paired” in the Education for All Handicapped Children Act
(PL 94–142) (1976). School districts differ in policy and
orientation; some consider augmentation of academic
subjects as their sole purpose, whereas others see physical
therapy, occupational therapy, speech, and even cognitive
therapy as prerequisite treatments to learning. School dis-
tricts typically only recognize as special-needs students
children who sustained severe injury. The child with mild
or even moderate injury may return to school without spe-
cial attention, and sometimes teachers may be unaware of
the head injury. Designing the correct educational place-
ment is essential for optimal postacute recovery, even for
children with mild injuries. For example, a child with at-
tention and memory problems may adjust best with short
homebound instruction followed by a modified program
(less demanding course load, alternative test approaches,
and/or in-school tutoring). With children who sustained
severe injury, school reentry should be approached gradu-
ally, with frequent consultation and collaboration with re-
habilitation providers and family. Children with severe in-
jury should not be returned to school until a readiness to
learn has been established (Cohen et al. 1985).

Children with traumatic brain injury have unique edu-
cational needs. Because they are quite different from chil-
dren with learning disabilities (e.g., memory deficits are
unique to acquired brain injury), their needs are often mis-
understood by educators. Neuropsychiatric consultation
may be helpful both for behavioral difficulties directly
caused by cranial trauma and for those that evolve from a
mismatch of the child’s needs and educational approach.
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SPINA BIFIDA AND
MENINGOMYELOCELE

The term spina bifida, which means split spine, refers to
a group of disorders that are in the family of neural tube
defects. Figure 25.1 shows the most common types of spina
bifida. Meningomyelocele (or myelomeningocele) refers
to the most serious form of spina bifida in which the cov-
ering of the spinal cord (meninges) and the spinal cord
itself (myelon) are abnormal. The “cele” refers to the fluid-
filled sac that herniates through the opening in the back.
The overlying skin, vertebrae, and soft tissue are abnormal
as well. The major focus of this chapter will relate to
meningomyelocele.

In meningocele, the spinal cord is normal but the
meninges and overlying structures are not. In occult spinal
dysraphism, the overlying skin is intact, although usually a
hyperpigmented spot, hairy patch, mass (lipoma) or sinus
tract overlying the defect is present. Abnormalities of the
spinal cord, such as tethering, a split cord, diastemato-
myelia (cartilaginous or boney spicule dividing the cord)
and/or fibrous bands or tumors (such as lipomas) are
common in occult spinal dysraphism and are often asymp-
tomatic in early life but become symptomatic as the child
grows. In spina bifida occulta, which occurs in up to 20%
of otherwise healthy individuals (Fidas et al. 1987), the
posterior arch of the vertebral body is abnormal, but no
other abnormalities occur. This condition is benign (Boone
et al. 1985), produces no symptoms, and appears to be ge-
netically unrelated to the other forms of spina bifida.

Epidemiology, Etiology, and Prevention

In the United States, the prevalence of meningomyelocele
is approximately 60 per 100,000 births (Olney and

Mulinare 1998). It has been described as “the most com-
mon severely disabling birth defect in North America”
(Fletcher et al. 2002).

The embryonic events resulting in meningomyelocele oc-
cur very early in gestation, during the period of neurulation
(26 days after fertilization) (Copp, Fleming, and Greene
1998). During neurulation, the neural plate is transformed
into a hollow tube. The neural groove folds over to become
the neural tube, which develops into the spinal cord and ver-
tebral arches, as well as the ventricular system in the brain.
This finely regulated sequence of cell specification and pro-
liferation involves multiple signaling systems. If a portion of
the neural groove does not close completely, a neural tube
defect results, and the spinal cord is malformed. Although
the mechanism of neural tube closure is not fully under-
stood, it does not simply close like a zipper but rather has
multiple sites of closure, each of which is under separate ge-
netic and environmental influences (Golden and Chernoff
1995; Urui and Oi 1995; Van Allen et al. 1993).

The causes of neural tube defects remain uncertain.
Although both environmental and genetic factors play a role,
their interaction is complex (Hall and Solehdin 1998; Volcik
et al. 2003). For example, in mice, mutations of over 50 dif-
ferent genes (Juriloff and Harris, 2000) as well as multiple
environmental factors can result in neural tube defects
(Juriloff and Harris 1998). Men and women with meningo-
myelocele who can reproduce have a 4% chance of having
an infant with a neural tube defect. Specific factors associated
with increased risk for the development of neural tube de-
fects include chromosomal disorders (trisomy 13 and 18),
advanced maternal age, as well as exposure to a variety of
drugs during pregnancy, such as valproic acid (Depakene,
Depakote) (Davis, Peters, and McTavish 1994), carba-
mazepine (Tegretol) (Yerby 2003), and isotretinoin (retinoic
acid, Accutane). Other factors include maternal hyperther-
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mia (e.g., saunas or high fever) (Sandford, Kissling, and Jou-
bert 1992). Maternal diabetes (Sadler, Robinson, and Msall
1995), malnutrition (Gross et al. 2001), and obesity during
pregnancy have also been identified as risk factors (Shaw et
al. 2003).

Gender and socioeconomic factors have also been im-
plicated as risk factors. Girls are three to seven times more
likely to have meningomyelocele than boys, except for
sacral level neural tube defects where the occurrence is
equal (Hall et al. 1988). The birth prevalence is greater with
lower socioeconomic status and is more common in cer-
tain racial and ethnic groups. Thus, obese Latina women
who have daughters are eight times more likely to have a
child with meningomyelocele than nonobese white
women who have sons (Shaw et al. 2000).

The prevalence of meningomyelocele is decreasing as a
result of a several factors. Developed countries are now us-
ing maternal alpha-fetoprotein serum testing for prenatal
screening for neural tube defects (Roberts et al. 1995). Ap-
proximately 50% of couples, upon learning that they are
carrying an affected fetus, choose to terminate the preg-
nancy (Forrester and Merz, 2000). Since 1998, the folic acid
fortification program has been in effect in the United States
and certain foods such as bread, cereals, flour, and rice have
been supplemented with synthetic folic acid. However, the
amount of folic acid in a typical diet, even with fortifica-
tion, is not sufficient to prevent neural tube defects. Most
obstetricians place women on supplemental folic acid (0.4
mg per day) as soon as pregnancy is diagnosed.

Studies have shown that daily supplemental doses of folic
acid can reduce the incidence of new cases of neural tube de-
fects in the general population by more than 50% (Bower
and Stanley 1992; Werler, Shapiro, and Mitchell 1993). In a
prospective study conducted in China, women who received
daily folic acid, 0.4 mg (400 �g) given periconceptionally
(from just before conception through the first trimester),
had a rate of neural tube defects of 1 per 1,000 births com-
pared with a rate of 4.8 per 1,000 in the control group (Berry
et al. 1999). As a result, it is now recommended that all
women who are contemplating a pregnancy take 0.4 mg of
supplemental folic acid per day while they are trying to con-
ceive and during the first 12 weeks of pregnancy (American
Academy of Pediatrics 1999; Manning, Jennings, and Mad-

sen 2000). Yet, only about one third of women who are
planning a pregnancy take folic acid around the time of
conception (Schader and Corwin, 1999) and half of all
pregnancies in the United States are unplanned.

Hydrocephalus

The prevalence of hydrocephalus is about 1 in 2,000 chil-
dren. Hydrocephalus occurs as a result of an imbalance be-
tween the production and absorption of cerebrospinal
fluid in the ventricular system so that cerebrospinal fluid
accumulates within the cerebral ventricles. The ventricular
system is made up of four ventricles connected by narrow
pathways. Normally, cerebrospinal fluid is secreted by the
choroid plexus in the lateral ventricles, flows through the
ventricles, exits into cisterns (closed spaces that serve as
reservoirs) at the base of the brain, then over the surfaces of
the brain and spinal cord, where it is absorbed into the
bloodstream. As cerebrospinal fluid is accumulated in the
ventricles, the ventricles enlarge. In the fetus and newborn
infant with patent sutures, the head expands. After the
sutures are closed, increased intracranial pressure is more
severe and can be potentially life-threatening.

The majority of children with meningomyelocele (75%)
also have hydrocephalus. However, hydrocephalus often
occurs in the absence of meningomyelocele. Hydro-
cephalus can either be present at birth (congenital hydro-
cephalus) or can be acquired. In general, most congenital
cases of hydrocephalus are multifactorial with a recurrence
risk of 4%. Congenital hydrocephalus has a prevalence of
10:1,000 in preterm infants and 1:1,000 in term infants. It
is higher in preterm infants because of the higher incidence
of intraventricular hemorrhage in small premature infants.
A rare (1/30,000 males) X-linked recessive form of congen-
ital hydrocephalus is associated with congenital stenosis of
aqueduct of Sylvius (Rosenthal, Joulet, and Kenwrick
1992.) This form of X-linked hydrocephalus is the result of
mutations in the L1CAM gene, which encodes the L1 pro-
tein, a protein involved in neuronal cell adhesion. Patients
with this mutation have hydrocephalus, agenesis or
hypoplasia of corpus callosum and corticospinal tracts,
mental retardation, spastic paraplegia, and adducted
thumbs. (Weller and Gartner 2001).
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Figure 25.1 The most common types of spina bifida.
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Hydrocephalus can be classified as communicating or
obstructive. Causes of communicating hydrocephalus
include obstruction of the subarachnoid space (following
intracranial hemorrhage or infections), developmental fail-
ure of arachnoid villi, and excessive CSF production (from
a choroid plexus tumor). Obstructive hydrocephalus re-
sults from aqueductal stenosis, mass lesions that block the
flow of cerebrospinal fluid (neoplasms, cysts, hematomas,
aneurysms), or obstruction of the fourth ventricle (Dandy
Walker malformation, arachnoiditis).

The Chiari II (previously known as Arnold-Chiari) mal-
formation is frequently associated with meningomyelocele
above the sacral level (Griebel, Oakes, and Worley 1991;
Rauzzino and Oakes 1995) (Fig. 25.2). This malformation
involves the downward displacement of the medulla and
cerebellar tonsils through the foramen magnum. Three dif-
ferent types varying in severity have been identified. Type II
is typically associated with meningomyelocele and involves
the herniation of the medulla, cerebellar tonsils, and vermis
through the foramen magnum. The fourth ventricle is at the
level of the foramen magnum. In the Type II Chiari malfor-
mation, aqueductal stenosis is also present and results in hy-
drocephalus. In the most severe type of Chiari malformation
(type III), the fourth ventricle is displaced below the foramen
magnum. Type II and III Chiari malformations result in
dysfunction of the medullary outflow cranial nerves.

Using folic acid to prevent meningomyelocele and its as-
sociated hydrocephalus and preventing germinal matrix-
intraventricular hemorrhage in the premature newborn
[which leads to communicating hydrocephalus (Volpe
1989)] (See Chapter 23 on Prematurity) are two strategies
to prevent the occurrence of hydrocephalus in newborns.
Strategies to prevent germinal matrix–intraventricular

hemorrhage include prevention of premature delivery,
antenatal corticosteroids, avoidance of prolonged labor,
avoidance of hemodynamic disturbances, prevention of
respiratory distress syndrome and its complications
(Roland and Hill 2003), and drainage, irrigation, and fibri-
nolytic therapy after intraventricular hemorrhage occurs
(Whitelaw et al. 2003)

Neurosurgical repair of the meningomyelocele in utero
has been shown to decrease the severity of the Chiari mal-
formation and the need for shunting for hydrocephalus
(Tulipan et al. 2003). However, no effect on lower extrem-
ity functioning or bowel and bladder impairments has
been found (Tubbs et al. 2003). The National Institutes of
Health currently is conducting a randomized study of pre-
natal surgery in three sites to evaluate the effects of this in-
tervention (NICHD 2004). Earlier attempts at prenatal
treatment of hydrocephalus by shunting the fetus were
disappointing. Newer technologies such as prenatal mag-
netic resonance imaging may improve this intervention,
however (von Koch et al. 2003).

Neurological Impairments Associated
With Meningomyelocele

The primary neurological abnormalities of meningomyelo-
cele are paralysis, loss of sensation, variable bladder and
bowel dysfunction, and Chiari II malformation with asso-
ciated hydrocephalus. Although most people think only of
the spine when they hear the term “spina bifida,” the mal-
formation leading to meningomyelocele affects the entire
CNS (Dahl et al. 1995; Gilbert et al. 1986).

A variety of malformations of the brain are associated
with meningomyelocele. These include defective myelin-
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Figure 25.2 Illustration of Chiari II
malformation
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ization of the brainstem, and neuromigrational anomalies
of the cortex and cerebellum (Gilbert et al. 1986). Subcorti-
cal abnormalities, including beaking of the colliculi and
complete or near-complete fusion of the thalami, are also
commonly observed (Gilbert et al.). Agenesis of the corpus
callosum commonly occurs in meningomyelocele and can
be complete or partial (Barkovich, 2000). This is believed to
be a manifestation of the underlying defect in neuronal mi-
gration that is associated with spina bifida. In one neu-
ropathological study (Gilbert et al.), 92% of children with
meningomyelocele had abnormal migration of cortical
neurons, 72% had cerebellar dysplasia, 20% had hypopla-
sia or aplasia of cranial nerve nuclei, 16% had fusion of the
thalami, and 12% had agenesis of the corpus callosum. In a
series of MRI studies, Kawamura and colleagues (2001,
2002) found partial agenesis of the corpus callosum, hy-
poplasia of the cerebral hemispheres, polymicrogyria, het-
erotopic gray matter, as well as cervicomedullary anomalies,
such as herniation of the cerebellar tonsils through the fora-
men magnum. Other areas of the spinal cord may be
involved above the site of the meningomyelocele (for ex-
ample, syringomyelia), resulting in additional motor and
sensory impairment (Dias and Pang 1995).

Not surprisingly, these cerebral anomalies are likely to
result in an array of cognitive impairments. Abnormalities
of the corpus callosum are negatively related to intelligence
(Barf et al. 2003). The corpus callosum provides an impor-
tant pathway for communication across different parts of
the brain. It also contributes to the development of cerebral
specialization of language, nonverbal skills (e.g., spatial
cognition), and other cognitive skills (Hannay et al. 1999).
Children with meningomyelocele who have abnormalities
of the corpus callosum have been found to have impaired
nonverbal skills (Hannay et al.).

Involvement of the cranial nerve nuclei controlling ocu-
lar movements results in strabismus, which is observed in
20% of children with meningomyelocele (Griebel 1991;
Lennerstrand, Gallo, and Samuelsson, 1990). Related to
the Chiari malformation is an array of symptoms reflecting
compromise of the medulla and cranial nerves at that
level—difficulty swallowing, choking, hoarseness, breath-
holding spells, apnea, stridor and disordered breathing
during sleep, upper extremity spasticity, and opisthotonos.
Rare sudden deaths from cardiorespiratory arrest related to
the Chiari malformation have been reported (Charney et
al. 1987; Kirk, Morielli, and Brouillette 1999).

It is important to screen children with meningomyelo-
cele for sleep problems. Disordered breathing during sleep,
including apnea, occurs in individuals with meningomye-
locele, and has been called “the missed diagnosis” by some
(Kirk et al. 1999). It can be the result of obstructive sleep
apnea, central apnea, or central hypoventilation (Kirk et al.
2000). Disordered sleep can cause children to be tired dur-
ing the day, and interfere with their ability to function in
school. A formal sleep study can help differentiate between
the many problems a child may be having that can cause

disordered breathing during sleep (e.g., upper airway
obstruction from enlarged tonsils and adenoids).

Children with meningomyelocele exhibit impairments
of many of the functions associated with abnormalities of
the cerebellum. Cerebellar dysfunction results in impair-
ments of balance, coordination, motor performance, and
sequential motor learning (Van Mier and Petersen 2002).
However, it is now recognized that the cerebellum plays an
important role in a broad range of cognitive functions
(Leiner et al. 1991). The neocerebellum projects to and
receives projections from dorsolateral prefrontal cortex
(Middleton and Strick 1994). These structures are activated
simultaneously during performance of different types of
cognitive tasks (Berman 1995; Nagahama 1996). Cerebel-
lar dysfunction appears to result in dysregulation (dysme-
tria) of response in both the cognitive and emotional realm
(Schmahmann 1998). Gao and colleagues (1996) demon-
strated that the cerebellum is engaged during the acquisi-
tion and discrimination of sensory information. The right
posterolateral cerebellar hemisphere assists the left cerebral
hemisphere in generating specific types of spoken word as-
sociations (Gebhart et al. 2002). Individuals who have had
resection of part of the cerebellum secondary to brain tu-
mors have been identified as having a unique syndrome
called cerebellar cognitive affective syndrome, characterized by
impairments in executive function (including planning
and sequencing), visual–spatial function, expressive lan-
guage, verbal memory, and modulation of affect (Levisohn
et al. 2000; Riva et al. 2000).

Hydrocephalus affects a number of brain functions. As
cerebrospinal fluid accumulation increases, the ventricles
increase in size, leading to thinning of the cerebral mantle.
This mainly affects white matter and disrupts myelinization
in the young child, particularly in the posterior regions (Del
Bigio 1993). The pathway containing the motor fibers to the
legs arises from the medial area of the frontal lobes and
descends along the lateral margins of the lateral ventricles.
As the ventricles become increasingly dilated, these fibers
are stretched and result in spastic paraparesis. In severe,
untreated hydrocephalus, the child may be quadriplegic.

Paralysis of upward gaze may also occur with increased
intracranial pressure. If the child is shunted promptly (of-
ten in the newborn period), there is often dramatic
improvement in the spastic paraparesis and ocular abnor-
malities. In the older child with closed sutures, shunt
failure may result in the typical symptoms of increased
intracranial pressure—headache, visual dysfunction, spas-
tic paraparesis, and disturbance of consciousness. Tables
25.1 and 25.2 list some abnormalities of the brain and
associated findings in children with meningomyelocele.

Epilepsy develops in approximately 15% of individuals
with meningomyelocele (Noetzel 1989; Talwar, Baldwin,
and Horbatt 1995). The seizures usually are generalized
tonic–clonic and respond well to antiepileptic medication.
Rarely, a blocked shunt or shunt infection may precipitate
seizures.
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Associated Medical Conditions

Motor Paralysis and Sensory Loss
Some of the associated impairments that occur with
meningomyelocele are shown in Figure 25.3. Motor
paralysis and sensory loss occur below the level of the de-
fect in the spinal cord. For example, children with lesions
at the thoracic or high lumbar (L1 or L2) level have paral-
ysis of the legs and weakness and sensory loss below the
waist, while children with sacral lesions usually have only

mild weakness of their ankles or toes and loss of sensation
in the perineum and on their feet. The motor paralysis
leads to problems with mobility, contractures, and os-
teoporosis with pathological fractures. More serious im-
pairment of mobility occurs in children who have
meningomyelocele above the sacral level. The higher the
level of the meningomyelocele, the greater the muscle
weakness, the more ambulation will be impaired (Mc-
Donald 1995). For example, children with L3 level often
require crutches and bracing up to the hip. Children with
thoracic or high-lumbar paralysis may eventually stand
upright and walk, but only with support of the hips,
knees, and ankles. This support may be provided by
extensive bracing and/or mobility devices such as a para-
podium (Liptak et al. 1992), reciprocal gait orthosis
(Guidera et al. 1993), or hip-knee-ankle-foot orthosis
used in combination with crutches or a walker (Mazur et
al. 1989). As children approach adolescence and their
center of gravity and relative strength change, even those
with mid-lumbar level lesions will increasingly rely on
wheelchairs for mobility. Paralysis and muscle imbalance
around a joint can lead to contractures. For instance, club-
foot and other deformations, such as calcaneus deformity,
are commonly noted at birth and are related to the lack of
normal innervation and resultant fetal immobility. Hip
flexion contractures and acquired deformities around the
knee, ankle, and foot are common in older children.

Almost 90% of children with meningomyelocele above
the sacral level have scoliosis and/or kyphosis. Scoliosis
and kyphosis may be congenital or acquired, and may
be related to abnormalities of the vertebral bodies, such
as hemivertebrae or butterfly vertebrae, to abnormal
muscle balance (the muscles act like guy wires on a tele-
phone pole), or to tethering of the spinal cord (see sub-
sequent discussion). The higher the lesion, the more
likely the deformity. If untreated, spinal deformities may
eventually interfere with sitting and walking and de-
crease vital capacity. Kyphosis is usually located in the
lumbar spine and may be severe at birth. Like scoliosis, it
is more common with higher lesions and may progress
over time.

Lacking normal sensory input and the ability to shift po-
sition when pressure over a bony prominence becomes
uncomfortable, decubitus ulcers are likely to develop in in-
dividuals with meningomyelocele. Insensate skin often
leads to injuries that would not happen if pain perception
was normal (e.g., cutting the bottom of the foot while
swimming) and can also lead to lesions that are hard to
heal. Individuals who use wheelchairs for extended periods
may develop pressure sores on the buttocks or coccyx.
Problems with skin breakdown become more frequent dur-
ing adolescence. The ulcers often resist healing and require
extensive treatment because of impaired circulation, con-
tinued pressure, contamination by stool and urine, and
secondary bacterial infections. Deep decubiti may lead to
osteomyelitis of underlying bones.
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TABLE 25.1
DISORDERS OF THE CENTRAL NERVOUS
SYSTEM ASSOCIATED WITH
MENINGOMYELOCELE

Disorder Associated Conditions

Brain
Chiari II malformation Abnormal swallowing

Vocal cord paralysis
Apnea, hypoventilation
Spasticity of upper extremities
Hydrocephalus
Sudden death

Hydrocephalus Stretching of periventricular  
corticospinal fibers

Thinning of corpus callosum
Complications of shunting (e.g., 

ventriculitis)
Disruption of myelination
Disruption of optic tracts
Impaired visuomotor dexterity 

and visuospatial skills
Precocious puberty

Dysgenesis of corpus Impaired nonverbal skills
callosum Disordered pragmatic language 

skills
Dysgenesis of Impaired balance, coordination, 

cerebellum motor performance and 
sequential motor learning

Decreased discrimination of 
sensory information

Cerebellar cognitive affective 
syndrome (see text)

Abnormal cranial Strabismus
nerve nuclei

Unknown Epilepsy
Spinal Cord
Primary Lesion Motor paralysis

Sensory loss
Bowel and bladder dysfunction
Tethered spinal cord

Split cord lesions (including Neurological deterioration
diastematomyelia)

Spinal cord atrophy Neurological deterioration
Syrinx (syringomyelia,  Neurological deterioration

syringobulbia,
hydromyelia)
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TABLE 25.2
SELECT CONDITIONS ASSOCIATED WITH MENINGOMYELOCELE, THEIR EVALUATION AND
TREATMENT

Urogenital System

Age Conditions Possible Tests Possible Treatments

Newborn/Infant Hydronephrosis Renal ultrasound Intermittent catheterization
Vesicostomy

Urinary reflux Voiding cystourethrogram Prophylactic antibiotics
Intermittent catheterization
Vesicostomy

Elevated intravesical pressure Urodynamics Intermittent catheterization
Vesicostomy

Urinary tract infection Urine culture Antibiotics
DMSA renal scan

Renal dysfunction Serum BUN, creatinine, urinalysis Any of the above
Renal dysgenesis (e.g., horseshoe Renal ultrasound

kidney)
Preschool Infancy issues � continence Above � urodynamics Same as above
School Age Preschool issues � hypertension Same as above � blood Urinary diversion 

pressure monitoring (e.g., appendicovesicostomy)
Female precocious puberty Serum FSH, LH testing Leuprolide

Bone age determination
Adolescence School age � Male sexual function Same as above Same as above � sildenafil and others

Female sexual function Birth control

Musculoskeletal System

Age Conditions Possible Tests Possible Treatments

Newborn/Infant Foot/ankle deformities Radiograms Serial casting
(e.g., club foot) Surgery

Hip dislocation Hip ultrasound or radiogram Abduction orthosis surgery
Kyphosis Radiograms TLSO

Surgery
Preschool Above � hip and knee contrac- Radiograms Above � lower extremity bracing (e.g., 

tures or rotational deformities HKAFO or RGO, or parapodium)
Impaired mobility Mobility device
Diminished range of motion Therapy, orthotics

School age Above � scoliosis Above � MRI scan TLSO
Surgery

Adolescence Same as above Same as above Same as above

Neurological System

Age Conditions Possible Tests Possible Treatments

Newborn/Infant Open lesion on back Antibiotics
Closure of lesion

Hydrocephalus MRI or CT scan Ventricular-peritoneal or subgaleal shunt
Cranial ultrasound

Chiari malformation Cranial MRI or ultrasound Posterior fossa decompression
Sleep study
Pharyngogram (swallow study)
Visualization of vocal cords

Spinal cord malformations Spinal MRI Surgery
Epilepsy EEG Anticonvulsants

Preschool Above � spinal cord tethering Cystometrogram Surgical untethering
(minus open lesion) Spinal MRI

Manual muscle strength testing
Ventricular shunt malfunction Cranial CT, ultrasound or MRI Shunt revision

Shunt tap
Neuropsychological testing

School age Same as above Same as above Same as above
Adolescence Same as above Same as above Same as above

BUN, blood urea nitrogen; CT, computed tomography; DMSA, dimercaptosuccinic acid; EEG, electroencephalogram;
FSH, follicle-stimulating hormone; HKAFO, hip-knee-ankle-foot orthosis; LH, luteinizing hormone; MRI, magnetic
resonance imaging; RGO, reciprocating gait orthosis; TLSO, thoraco-lumbar-sacral orthosis.
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Figure 25.3 Impairments found in meningomyelocele
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Genitourinary and Bowel Dysfunction
Because the bladder, urethra, external rectal sphincter, and
perineal sensation are all controlled by sacral nerves, blad-
der and bowel dysfunction are present in virtually all chil-
dren with meningomyelocele. Even children with sacral
lesions and normal leg movement typically have bladder
and bowel problems. Neurogenic bowel causes fecal incon-
tinence and is associated with constipation. Neurogenic
bladder is associated with numerous urological and medical
problems. Not infrequently, these children also have mal-
formations of the kidneys, including horseshoe and absent
kidney (Hulton et al. 1990). There are different patterns of
bladder dysfunction; some children with meningomyelo-
cele have patulous sphincters and are chronically inconti-
nent. Others have tight sphincters and develop large, dis-
tended bladders with increased intravesicular pressure,
leading to ureteral reflux, hydronephrosis, and kidney
stones, and recurrent bouts of infection. If untreated, irre-
versible renal damage can result. The management of uri-
nary incontinence depends on the specific type of bladder
dysfunction, which cannot be predicted by the level of le-
sion. Urinary tract infections are extremely common in this
population. Bladder augmentation surgery, which is one of
the surgical treatments, is associated with a small risk for
bladder cancer (Game et al. 1999; Shaw and Lewis 1999).
Although most children with meningomyelocele are born
with normal kidneys, careful urological evaluation and con-
tinuous monitoring is required to prevent damage to the
kidneys. Renal failure is not uncommon in adults with
meningomyelocele who have not received adequate uro-
logical management (Muller, Arbeiter, and Aufricht 2002).

Although 75% of postpubertal males with meningomye-
locele are able to have erections (Diamond, Rickwood, and
Thomas 1986), most are achieved reflexively by stimulation
rather than in response to psychogenic stimuli (Dik et al.

1999; Sandler et al. 1996). Erections are related to level of
sensory deficit, with males who have affected sacral level
having more erections than those with affected thoracic or
lumbar levels. Therefore, their ability to have unaided sex-
ual intercourse from sexual stimulation is limited. In addi-
tion, males frequently have retrograde ejaculation, which
further limits their reproductive capacity. Cryptorchidism
occurs in 15 to 25% of boys with spina bifida (Greene et al.
1985; Meyer and Landau 1984). Many postpubertal women
with meningomyelocele are able to experience orgasm dur-
ing sexual intercourse. However, they typically have de-
creased genital sensation and less sexually stimulated lubri-
cation. As a result, intercourse without adequate lubrication
can lead to vaginal sores.

Precocious puberty (defined as Tanner stage 2 breast or
pubic hair development before age 9.2 years) is common in
females who have meningomyelocele with hydrocephalus,
and less common in females with isolated hydrocephalus
(Elias and Sadeghi-Nejad 1994). This is likely due to
hypothalamic dysfunction (Perrone et al. 1994). In one
study, the incidence of precocious puberty in girls with
meningomyelocele was at least 52%. Girls with precocious
puberty appeared to have a history of increased intracranial
pressure in the perinatal period, greater motor and urological
dysfunction, and more shunt revisions than girls in whom
precocious puberty did not develop (Proos et al.1996).

Tethered Cord
Tethering of the spinal cord may be present at birth in
children with little external evidence of spinal dysraphism
or can occur after closure of the primary meningomyelo-
cele defect. As the child grows, the spinal cord, which is
bound down by adhesions or congenital fibrous bands,
becomes increasingly stretched which results in progres-
sive ischemic damage to the cord. Lower extremity
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weakness, new contractures, sensory deficits, pain, and
bowel and bladder function can occur quite insidiously
and ambulation and daily living skills may deteriorate.
There may be a rapid progression of scoliosis. Tethered
cord syndrome occurs in 3 to 15% of patients with a his-
tory of repaired meningomyelocele (Phuong, Schoeberl,
and Raffel 2002). Even after surgical repair of the tether-
ing, a significant percent of children will have recurrent or
new symptoms consistent with tethering.

Other Medical Issues
Individuals with meningomyelocele with thoracic to L2 le-
sions are at increased risk for obesity in part as a result of
their decreased activity and energy expenditure (Polito, et
al. 1995; Littlewood et al. 2003). However, Fiore and col-
leagues conducted a study of anthropometric measure-
ments and dietary adequacy in a group of 100 children.
Forty of the 100 children and adolescents were classified as
markedly overweight (body mass index above the 95th per-
centile). Five were classified as malnourished or at risk for
malnutrition. Most of the obese subjects took in less than
the expected recommended daily energy intake; only 25%
had an energy intake appropriate for age and gender. The
expected correlation between obesity and motor impair-
ment was not found, whereas energy intake was correlated
with body mass index. They concluded that obesity in this
population resulted from a complex set of factors (Fiore et
al. 1998). Obesity is unquestionably one of the several fac-
tors that adversely affect mobility and social opportunities,
which may in turn contribute to increased inactivity and
further weight gain. The medical complications of chronic
obesity are an additional problem.

About one third of children with meningomyelocele are
short as a result of growth hormone deficiency (Fiore et al.
1998). Untreated children with meningomyelocele and
short stature achieve an adult recumbent height falling one
standard deviation or more below the mean. Treatment
with growth hormone results in an increase of recumbent
height into the average range as well as reducing body mass
index significantly, thus diminishing the problems associ-
ated with obesity (Rotenstein and Breen 1996; Rotenstein
and Bass 2004).

An allergy to latex, including anaphylaxis, develops in
between 40 and 60% of children with meningomyelocele
(Pearson, Cole, and Jarvis 1994; Dormans et al. 1995). The
risk of latex allergy increases with age (Mazon et al., 2000)
and frequency of surgical procedures (Ellsworth et al.,
1993).

Cognition

Early studies of children with meningomyelocele born be-
fore routine ventricular shunting for hydrocephalus
showed a high rate of mental retardation among survivors
(Foltz and Shurtleff 1963; Laurence and Coates 1962;
Shurtleff, Foltz, and Loeser 1973). As ventricular shunting

became more widespread, the occurrence of mental retar-
dation decreased (Brookshire et al. 1995; Fletcher et al.
1992b, Wills et al. 1990). However, even today, children
with meningomyelocele who have had an episode of shunt
infection (ventriculitis) have significantly lower scores on
intelligence tests, often in the mentally retarded range, have
more seizures, higher future risks of shunt infection and
malfunction, and perform more poorly in school (McLone
1992; Kanev and Sheehan 2003). Some studies have found
that frequent shunt revisions have a negative effect on IQ
(Mazur et al. 1988; Holler et al. 1995; Hunt et al. 1999;
Dennis and Barnes 2002), although others have not repli-
cated this finding (Ralph et al. 2000).

On standard tests of intelligence, children with
meningomyelocele and shunted hydrocephalus typically
perform worse on performance than on verbal scales, with
a verbal performance gap of 0.5 to 1.5 standard deviations
(Hurley et al. 1983; Wills et al. 1990; Brookshire et al. 1995;
Casari and Fantino 1998). Most studies of cognition in chil-
dren with meningomyelocele have involved school-aged
children. The cognitive profile of preschool children and
adults with meningomyelocele are not well understood.
Some studies of young adults have shown the same pattern
of higher verbal than performance scores on intelligence
tests (Dennis and Barnes 2002; Hommet et al. 1999). There
is significant variability in intellectual status of children
with meningomyelocele, which may be related to genetic as
well as medical factors, including the severity of the hydro-
cephalus, the number of shunt revisions, and the extent of
cerebellar dysfunction. As is true of children without
meningomyelocele, socioeconomic status is a factor affect-
ing performance on cognitive tests (Bier et al. 1997).

Yeates and colleagues (2003) found that about half of
children with meningomyelocele have a cognitive and be-
havioral profile typical of nonverbal learning disability, de-
scribed by Myklebust (1975) and Rourke (1989). Children
with this syndrome have deficits in tactile and visual per-
ception, complex psychomotor skills, and in dealing with
novel circumstances (Rourke et al. 2002). They demonstrate
strengths in verbal and auditory abilities (although they
have difficulty grasping the pragmatic aspects of language),
but have weaknesses in nonverbal areas. Impairment in mo-
tor coordination, visual attention, visual–spatial percep-
tion, flexibility, abstract thinking, executive function, orga-
nizational skills, and generalizing what they have learned
(Fletcher et al. 2002).

Children with meningomyelocele have impairments in
executive functioning that are similar to those with nonver-
bal learning disabilities. (Dise and Lohr 1998; Brewer et al.
2001; Fletcher et al. 1996; Mahone et al. 2002). Executive
function skills include planning future activities, organizing,
inhibiting competing (inappropriate) responses, self-
regulation, remembering rules, initiating tasks, and remem-
bering to remember an activity. These children do better
thinking in a linear fashion rather than in gestalt terms, and
have difficulty with context. Children with nonverbal
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learning disabilities have difficulty learning new concepts,
especially in novel situations; they rely extensively on previ-
ously learned rote information; and adapt poorly to new sit-
uations, which affects their ability to learn. Their informa-
tion processing tends to be unimodal rather than intermodal
(Rourke et al. 2002). Metacognitve skills (e.g., mental flexi-
bility, mental efficiency, learning from experience, and con-
ceptual sophistication) are more affected than behavioral in-
hibition (Mahone et al.).Executive function impairment
may make it very difficult for the individual with
meningomyelocele to reliably perform necessary daily self-
care activities. They may not consistently remember what
daily self-care tasks must be performed in what sequence
(e.g., understanding the importance of catheterizing on time
and the importance of checking for and preventing pressure
sores as well as understanding the consequences of failure to
do so) (Russel 2004).

Associations between nonverbal skills and MRI findings
have been found. For instance, Fletcher and colleagues
(1996) found that children with hydrocephalus who had
proportionately greater posterior than anterior cerebrospinal
fluid percentages had significantly poorer visuomotor
dexterity and visuospatial skills than those who had normal
percentages of cerebrospinal fluid. Some children with
meningomyelocele may have only a few of the features of
nonverbal learning disabilities while others may have many
severe deficits in the nonverbal learning disability spectrum.

Attention Deficit–Hyperactivity Disorder

Davidovitch and colleagues (1999) reported that 39% of
children with meningomyelocele have some form of atten-
tion deficit disorder (most commonly the inattentive type)
and about 30% of these children showed a clinical response
to methylphenidate; although a small sample, double-blind
placebo-controlled study was not informative. Other chil-
dren may be inattentive and have poor organizational skills,
but not have true attention deficit–hyperactivity disorder
(ADHD) (Shaffer et al. 1985). In one study (Loss et al.
1996), children with myelomeningocele showed deficits
across all four elements of attention (encode, focus/execute,
sustain, and shift) compared to their siblings. It can be dif-
ficult to differentiate primary ADHD from attention deficits
that are secondary to other neurological impairments in
children with meningomyelocele, which result in problems
with alertness and arousal (Brewer et al. 2001). Their in-
ability to integrate, organize, and interpret information, es-
pecially when they try to accomplish unfamiliar tasks, may
reflect impaired executive function.

Language

Children who survived severe, unshunted hydrocephalus
were often described as having “cocktail party syndrome”
(Tew 1979; Tew and Laurence 1979; Hurley et al. 1990).
This refers to the tendency of these children to chatter on

about topics in a superficial, nonmeaningful or inappropri-
ate way. They may use and repeat memorized common
phrases, such as, “Hello, how are you today?” or, “What’s
up?” They may be able to repeat parts of a story that they
have heard without really understanding what the story
means. Typically, the content of these verbal expressions is
absent or trivial at best. Thus, these children, as well as those
who are less affected by hydrocephalus, have difficulty
deriving meaning from context (Barnes and Dennis 1998).

Children with meningomyelocele often demonstrate
adequate linguistic skills, with appropriate form and struc-
ture; yet they too frequently display deficits in semantic-
pragmatic skills. As a result, their expressive language often
lacks substance and is poorly matched to the communica-
tive context as in the cocktail party syndrome. Studies of
school-age children with meningomyelocele have shown
that although they use and understand single words, they
have difficulty using language in a flexible and adaptive
manner (Dennis and Barnes 1993; Dennis et al. 1994;
Fletcher et al. 2002). Thus, many children with
meningomyelocele have problems with the construction of
meaning and in pragmatic communication. They may have
deficits in several different aspects of oral discourse, in-
cluding establishing alternative meanings to ambiguous
sentences, understanding figurative expressions, making
inferences, and producing speech acts (Dennis and Barnes
1993). In a study of narrative discourse in 100 children
with hydrocephalus, Dennis and colleagues (1994) noted
that their narratives tend to be less coherent and cohesive
than a control group. They conveyed less content, included
more ambiguous or implausible material, and were more
verbose and less economical in quality.

Academic Achievement

Children with meningomyelocele often meet discrepancy
criteria for learning disability (defined as low academic
achievement that is unexpected based on the child’s overall
cognitive abilities). Of course, in some cases, the lower
level of academic achievement is in line with the IQ.

Several studies have shown that children and adoles-
cents with meningomyelocele perform more poorly than
their typically developing peers on measures of intelligence
and/or achievement, and are more likely to receive special
services, or repeat a grade (Appleton et al. 1994; Fowler et
al. 1985; Friedrich et al. 1991; Jacobs et al. 2001; Tew and
Laurence 1984). Their learning difficulties often are not
particularly apparent in the earlier grades (Rowley-Kelly
and Reigel 1993). However, fine motor skill deficits often
impair the child’s performance in the early years of ele-
mentary school because of their difficulty using scissors,
holding a pencil, tying shoelaces, and buttoning buttons.
In the later school years, writing is a challenge (Barnes et al.
2002; Dennis and Barnes 2002; Pearson et al. 1988).

A fairly consistent finding in school-age children is defi-
cient performance in arithmetic, which is again reminiscent
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of a nonverbal learning disorder. They typically perform
more poorly on standardized math tests than do children
without spina bifida, and perform more poorly in arith-
metic than in language-based tasks, such as reading and
spelling. Weak number skills, delays in the ability to count
or seriate, can be observed as early as 36 months of age and
persist into adulthood (Wills et al. 1990; Dennis and
Barnes 2002). The presence of a shunt has been associated
with lower IQ scores and lower mathematics scores in some
studies (Kalucy, Bower, and Stanley 1996).

Visual–spatial difficulties can make learning certain as-
pects of mathematics such as geometry a major challenge.
Similarly, problems with estimation and the ability to solve
word problems are associated with problems in visual–
spatial integration (Barnes et al. 2002). These students also
have short-term memory impairment, manifested in diffi-
culty with list learning (Cull and Wyke 1984; Yeates et al.
1995; Scott et al. 2003). Children with meningomyelocele
also evidence impaired procedural skills that persist to
adulthood (Dennis and Barnes 2002). They also have
diminished speed of retrieval (efficiency).

The difficulty that children with meningomyelocele ex-
perience in academic environments increases as they
progress through school. Although they have relatively
good mechanical reading skills and, therefore, do not ap-
pear to have as much difficulty in this area as they do in
arithmetic, when the academic tasks begin to require the
ability to comprehend text and make inferences, their diffi-
culty in reading comprehension interferes with their ability
to perform (Barnes and Dennis 1992). Moreover, the lan-
guage difficulties described previously make it hard for
them to adequately formulate abstract and coherent verbal
responses and written material. They are less likely to ad-
vance to postsecondary education than children without
meningomyelocele. In one study, 34% of affected children
involved in postsecondary education compared to 47% of
the general population and were 1 to 2 years delayed in ed-
ucational attainment compared to age-matched peers (Bo-
malaski et al. 1995). In another study of 48 adults with
meningomyelocele, only seven were attending college.
Achievement and IQ scores as well as measures of language
and visual–spatial ability differentiated those who at-
tended college from those who did not (Hurley and Bell
1994).

Meningomyelocele may affect academic performance in
several ways. First, it has an obvious direct effect on cogni-
tion. Second, it is associated with increased absences from
school for reasons that may include acute illnesses, visits to
health professionals, inappropriate health beliefs and per-
ceptions of vulnerability, and worsening of chronic symp-
toms. Medical and neurological problems may contribute
directly to poor performance in school. Shunt malfunction
may present with subtle symptoms including worsening
academic performance. Anticonvulsants and anticholiner-
gic medications (used to help manage bladder function)
can lead to lethargy and adversely affect school per-

formance. The young child may be absent because of fre-
quent hospitalizations and elective and emergency surg-
eries. Children with meningomyelocele are pulled out of
regular classroom academic sessions for physical therapy
and occupational therapy, and for catheterization and
other medical procedures. Even today, some children ex-
perience restricted or delayed school attendance because
of inaccessible school facilities (lack of handicapped ac-
cess); they often cannot negotiate a flight of stairs or walk
with braces and crutches rapidly enough to get to their next
class on time (Wasson et al. 1992). They may have to go to
another building for therapy, losing significant time from
classroom activities. School facilities often do not provide
adequate privacy for toileting and self-catheterization and
in some settings, trained personnel to assist younger chil-
dren with catheterization are lacking.

Social Abilities

Children with meningomyelocele have been found to be
socially immature and passive, more isolated, more depen-
dent on adults, and less likely to make independent deci-
sions than children without meningomyelocele (Blum et
al. 1991; Holmbeck et al. 2003). Successful social interac-
tions require abilities in verbal pragmatics, social-problem-
solving skill, social memory, as well as the ability to predict
consequences. For an individual with a nonverbal learning
disability, the interpretation of social cues such as facial ex-
pressions and body language can become a major problem
and lead to confusion and social rejection. Difficulty with
visual attention and failure to understand nonverbal cues
lead to difficulty interpreting behavior. Although children
with meningomyelocele may be talkative, they often inter-
rupt and have difficulty entering conversations correctly.

Neuropsychiatric Aspects of
Meningomyelocele

Studies of self-concept in children with meningomyelocele
are equivocal. Some (MacBriar 1983; Murch and Cohen
1989) failed to show a difference between children with
meningomyelocele and controls. Others, however, have
found significant differences (King et al. 1993; Kazak and
Clark 1986; Appleton et al. 1994; Zurmohle et al. 1998). In
a recent study, children with spina bifida were found to
have lower self-concept than controls. This was particularly
true for girls. Furthermore, urinary continence was associ-
ated with a more normal self-concept (Moore, Kogan, and
Parekh 2004). In a related study, children who had a Mal-
one antegrade colonic enema implanted surgically re-
ported increased self-reliance, independence and a feeling
of security, which led to significant improvement in self-
esteem (Aksnes et al. 2002.) These results suggest that bet-
ter continence is associated with better self-concept.

Many children with myelomeningocele face a daunting
challenge in terms of having any control over their
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environment. In the preschool years, they are often re-
quired to undergo repeated surgery (orthopedic, urologi-
cal, and neurosurgical, when a shunt revision is required).
They may spend months in a cast, which effectively immo-
bilizes them. They must deal with pain and the preoccupa-
tion with symptoms that often accompany spina bifida. In
elementary school, they are notably “different” from the
other children, and often must deal with their inability to
participate in games with peers and understand academics
at the level of their peers. This in turn leads to diminished
expectations and lower self-esteem. When a child is able to
ambulate with crutches and braces, their energy expendi-
ture is substantial and they must struggle with fatigue.
Moreover, their impaired executive function often makes
the world appear even more complex. All of this results in
a decreased sense of self-efficacy (Mobley, Harless, and
Miller 1996) and these children often develop “learned
helplessness,” believing that their efforts to change the en-
vironment are ineffective. This limits their willingness try-
ing to perform academically or to reach out socially (Peter-
son, Maier, and Seligman 1993). In adolescence, the
awareness of their potentially impaired sexual functioning
becomes an issue. Not surprisingly, children with
meningomyelocele, particularly girls, are at increased risk
for depressive mood, low self-esteem, self-blame, and sui-
cidal ideation. Effective parental support tends to be a
moderating variable, especially in girls (Appleton et al.
1997).

MANAGEMENT OF THE INFANT AND
CHILD WITH MENINGOMYELOCELE

The birth of an infant with meningomyelocele requires a
very rapid assessment by a team of physicians. Within 2 days
after birth, assuming that the infant is medically stable, the
neurosurgeon repairs the back lesion, and in many cases if
there is any evidence of hydrocephalus, a shunting proce-
dure is performed at the same time or shortly thereafter. If a
shunting procedure is not required at that point, the baby
will be closely monitored because of the high probability
that hydrocephalus will develop. The baby is also evaluated
by the urologist and the orthopedic surgeon. When the in-
fant is being managed in a center with a meningomyelocele
team a team member meets with the parents and reviews the
implications of a meningomyelocele, explains the surgical
procedures and the need for close monitoring. Parents need
a great deal of support during this period and it is helpful to
them to have a trusting relationship with the physicians and
nurses who care for the infant.

Developmental Interventions

Because children with meningomyelocele have multiple im-
pairments that affect development, and are at increased risk
for developmental disabilities, they are likely to benefit from

an Early Intervention program (typically from birth to age 3
years). Interventions include physical and occupational ther-
apies, speech therapy, and special educational services. No
scientific evaluations of the effectiveness of these early inter-
ventions in this population have been conducted to deter-
mine the optimal combination of therapies. When the child
turns 3 years of age, other programs, typically through the lo-
cal school district become available. They also should have a
formal psychoeducational evaluation before school entry to
identify their capabilities, strengths, and weaknesses. This
will allow modifications of the school environment and the
development of an individualized education program (IEP)
(Rowley-Kelly and Reigel 1993).

The Individuals with Disabilities Education Act (IDEA),
Public Law 102–119, provides children with meningomye-
locele with improved access to educational services in the
least restrictive environment. IDEA entitles children with
disabilities ages 3 to 21 to a free, appropriate education. Re-
lated services must be paid for by the school. A related ser-
vice is any additional service that is needed to allow the
child to benefit from instruction, and includes transporta-
tion, audiology, recreation, school health services, psycho-
logical services, physical therapy, occupational therapy,
speech and language therapy, catheterization, assistive
technology, and social work services. Parents have the right
to question placement decisions and the right to due pro-
cess to settle differences. Two criteria have to be met for a
child to qualify under IDEA: (1) that the child has a dis-
ability, and (2) that special education services are necessary
to address the disability. Children who have meningomye-
locele can be classified as having a disability under IDEA in
several different ways, including the categories “learning
disabled,” “orthopaedically impaired,” or “other health
impaired.” The second criterion can be met if any aspect of
the disability has a negative impact on any aspect of partic-
ipation in the general curriculum, including academic, be-
havior, communication, vocational skills, basic life skills,
social skills, and physical needs.

If a child with meningomyelocele does not qualify un-
der IDEA, then Section 504 of the Rehabilitation Act of
1973 can provide access to services. This regulation states
that no qualified person with a handicap shall be excluded
from participation in any program or activity that receives
benefits from federal financial assistance. Under this
legislation, a child does not have to be enrolled in special
education or eligible under IDEA to receive related services
from a school. However, parents have fewer rights and chil-
dren receive fewer services under Section 504.

Strategies to address disorders of cognition in school
include remediation (additional instructional time or dif-
ferent instructional approaches to “fix” a certain area of
weakness and build strength in a particular area to facilitate
potential learning) and compensation (alternative ap-
proaches [e.g., assistive technology] to offset, or counter-
balance, a learning disability and produce the desired level
of performance). For example, in a child who has problems
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with executive function, remediation methods could in-
clude the following: develop the child’s self-awareness of
his or her impairments, model the desired behavior (e.g.,
talking quietly to oneself to solve a problem), review tasks
to be completed, use organizers, and outline materials to
be learned. Compensatory strategies include providing rou-
tine, using checklists, timetables, and teaching coping
strategies, such as asking the teacher to slow down or
explain a topic again (Tanguay, 2002).

Strategies have been developed to improve social skills,
which are as important for well-being as academic and
other skills. A number of strategies that have been used in-
clude: interventions for parents (Duke et al. 1996), social
skills curriculum (McAfee 2002), in vivo coaching, social
stories (comic strip conversations), didactic teaching about
social skills and emotions, group-based interventions, and
peer mentorship (e.g., circle of friends).

In the “circle of friends,” children are put in a structured
peer network with scheduled time and shared activities.
There they can practice various activities together; for ex-
ample, observing a movie or television show with the
sound muted while they try to determine what emotions
the actors are portraying. They then practice showing those
emotions. They can also play games like liar’s bluff, act out
specific characters and practice telling jokes. These complex
social interactions are broken down by their coach into
more discrete activities like eye contact, tone of voice, body
language, choice of words, turn-taking, transitions from
subject to subject, and so on.

Many references are available to help with social skills
training, including the Skill-Streaming series (McGinnis
and Goldstein 2000). These books emphasize classroom
survival skills, friendship-making skills, dealing with feel-
ings, alternatives to aggression, and dealing with stress. A
few case series have examined the effectiveness of these in-
terventions (Minskoff 1980a, 1980b; Loomis et al. 1994;
King 1997; Barnhill 2002). However, few, if any, studies
have scientifically evaluated these techniques for children
who have meningomyelocele.
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Brain tumors are the most common solid malignancy of
childhood, second only to the leukemias in overall inci-
dence. Most cases are diagnosed before patients are the
age of 10 years, although over one third of cases are diag-
nosed in adolescence. The incidence of childhood and
primary brain tumors both benign and malignant is 3.9
cases per 100,000 person-years. The rate is somewhat
higher in males (4.2 per 100,000 person-years) than fe-
males (3.8 per 100,000 person-years). The Central Brain
Tumor Registry of the United States estimated that 3,260
new cases of pediatric brain tumors would be diagnosed
in 2004, more than two thirds of which are malignant
(Central Brain Tumor Registry of the United States 2002).
More than 26,3000 children were living with the diagno-
sis of a primary brain tumor in the United States in the
year 2000; over 80% of these children have malignant
brain tumors. The chance of survival of children
with brain tumors has increased dramatically over the
past 30 years. In the 1960s, a child diagnosed with a brain
tumor had approximately a 15% 5-year survival rate. By
1975, 5-year survival rates approached 50%. The most re-
cent 5-year survival rate for children diagnosed before 19
with a primary malignant brain tumor was 64% (Central
Brain Tumor Registry of the United States 2002–3).

Most of the changes in survival from 1960 to 1975 were
primarily due to advances in surgery, intensive care treat-
ment, and radiation techniques. Further improvements in
these areas, as well as the advent of chemotherapy for cer-
tain tumors, have led to continued increases in longevity.
In addition, there has been a philosophical change in the
approach to many children with brain tumors. When the
anticipated survival rate was only 15%, concerns over
the potential adverse longterm effects of therapy were
meaningless. Now that many children will be longterm sur-
vivors, attention has been increasingly directed toward
quality-of-life issues. As such, today, pediatric neurologists,
oncologists, radiation therapists, neurosurgeons, neu-
ropathologists, pediatricians, psychologists, psychiatrists,

and endocrinologists are all an integral part of the team
approach to the child with a central nervous system (CNS)
malignancy.

CLASSIFICATION OF BRAIN TUMORS

The classification of brain tumors has evolved throughout
this century. Currently, the most widely accepted classifica-
tion is that of the World Health Organization (WHO) (Klei-
hues et al. 2002). It is a complicated schema that is based pri-
marily on cell type (e.g., astrocytes, embryonal cells,
oligodendroglia, ependymal, mixed), with multiple variants
based on histological features. The most common types of
brain tumors in children are astrocytoma, medulloblastoma,
ependymoma, brainstem glioma, and craniopharyngioma
(Table 26.1). Glioma is a general term referring to any neo-
plasm deriving from interstitial tissue cells of the nervous sys-
tem (e.g. astrocytes, ependymal cells, oligodendrocytes). As
such, ependymomas would be a type of glioma. Glioblas-
toma multiforme, a particularly devastating tumor, is syn-
onymous with grade IV astrocytoma. While most adult brain
tumors are metastatic and supratentorial, pediatric brain tu-
mors are typically primary and more varied in location. Of-
ten, the literature will refer to the grading of the tumor based
on the degree of anaplasia (i.e., “low grade” vs. “high grade,”
or grades 1 to 4, with 4 being most anaplastic). Location may
also be specified. For example, astrocytomas can originate in
the cerebral hemispheres, brainstem, or cerebellum. Al-
though medulloblastomas almost always are located in the
cerebellum, histologically similar tumors are occasionally
seen in other locations. To describe these latter tumors, it has
been proposed by some that medulloblastomas and other
histologically similar tumors be referred to as primitive neu-
roectodermal tumors (Dehner 1986; Fung and Trojanowski
1995; Yachnis 1997). However, the most recent WHO classi-
fication distinguishes medulloblastoma from supratentorial
primitive neuroectodermal tumors.

Pediatric Brain Tumors
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PRESENTING SIGNS AND SYMPTOMS

Neuropsychiatric symptoms rarely bring the child with an
unsuspected brain tumor to a psychiatrist as the first medi-
cal contact. The child with symptoms of brain tumor much
more commonly will present with either nonlocalizing
signs and symptoms reflecting increased intracranial pres-
sure, or localizing signs reflecting either compression or
infiltration of surrounding brain. Typically, the parents re-
port coincident personality and/or cognitive deterioration.
Diagnosis is commonly delayed for a number of months
after parents note presenting symptoms. Three studies have
documented that the mean time to diagnosis of a pediatric
brain tumor is 20 to 28 weeks (Flores et al. 1986; Edge-
worth et al. 1996; Mehta et al. 2002) with infratentorial
tumors being recognized earlier than supratentorial ones.

Nonlocalizing Neurological Symptoms

Symptoms associated with increased intracranial pressure
are headache, nausea and vomiting, and personality change
(Child Brain Tumor Consortium, Keene 1999, Mehta 2002).
Nearly 80% of children with a brain tumor will present with
headache or nausea/vomiting; typically all three symptoms
appear together. Unlike children with migraine, in whom
there is a crescendo/decrescendo pattern to the headaches
with symptom-free intervals, the child with a brain tumor
will frequently complain of a steady increase in both the fre-
quency and the intensity of the headaches over time. The ex-
ception to this is the very young child with a brain tumor.
The typical history is of a 2- or 3-year-old child who repeat-
edly wakes in the morning with severe headache and vomit-
ing. The pediatrician may suggest that this is due to a flulike
syndrome and that the child should be observed. Indeed, the
symptoms are evanescent and resolve after 1 or 2 weeks. Un-
fortunately, several weeks later the symptoms recur with in-
creased intensity, and the diagnosis of an intracranial mass
lesion is made. This biphasic pattern reflects the ability of the

young child’s skull to expand to accommodate the increas-
ing intracranial pressure. The ability of the sutures of the
skull to separate occurs in young children but is not often
seen after the age of 5 years.

Warning headache symptoms, according to Medina et
al. (1997, 2003), that should raise the index of suspicion of
a mass lesion are those that:

1. wake the child from sleep or occur first thing in the
morning;

2. are associated with confusion, disorientation, or abnor-
mal neurological findings;

3. are consistently focal in location;
4. increase with Valsalva maneuvers;
5. less than 6 months’ duration that do not respond to

medical treatment;
6. are associated with nausea and vomiting, especially if

family history is negative for migraine.

Nausea and vomiting are also important symptoms of
the child with a brain tumor. The vomiting either tends to
occur secondary to increased intracranial pressure or may
reflect direct involvement of the floor of the fourth ventri-
cle. Projectile vomiting is relatively uncommon.

Personality change and worsened school performance
are sensitive indicators of structural CNS disease and occur
with tumors in all locations. Lethargy, apathy, irritability,
or depression are commonly reported. At times, these
symptoms may be the first sign of a mass lesion (see
subsequent discussion).

Nonlocalizing Neurological Signs

Nonlocalizing signs of increased intracranial pressure in-
clude papilledema, sixth nerve palsy, and an expanding
head circumference. Although it is often difficult to evalu-
ate the young child’s optic fundus, such evaluation is an es-
sential part of the examination of the child who presents
with headache. Papilledema is associated with normal

566 Section III: Neuropsychiatric Aspects of Neurologic Disorders of Children and Adolescents

TABLE 26.1
INCIDENCE AND 5-YEAR, 10-YEAR SURVIVAL RATES FOR SELECTED
PEDIATRIC (0-19) BRAIN TUMORS

Incidence 5-yr 10-yr
Tumor Type (as % of all PBT’s) Survival Survival

Pilocytic astrocytoma 26 95 92
Embryonal/medulloblastoma 20 55 48
Astrocytoma, NOS 8 77 73
Ependymoma 8 55 47
Glioblastoma 4 19 16
Craniopharyngioma* 4 90+ 85
Anaplastic astrocytoma 3 52 47
TOTAL 100 64 60

Source: Central Brain Tumor Registry of the United States 2004-2005
*Van Effenterre R, Bach AL (2002)
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visual acuity, but longstanding papilledema will lead to op-
tic atrophy and a consequent decline in vision. At times,
papilledema must be differentiated from papillitis. The
child with papillitis will have visual loss and a central
scotoma, whereas the child with papilledema will have
normal central vision but an enlarged blind spot.

Diplopia in children with brain tumors is usually sec-
ondary to an abducens nerve palsy. Cranial nerve VI has a
very long free intracranial course. Therefore, when a mass
lesion increases the intracranial contents of the brain, cra-
nial nerve VI may be compressed against various bony
prominences, with the pressure causing a paralysis of ab-
duction. This is a nonlocalizing sign and does not neces-
sarily suggest the true location of the tumor. Diplopia may
also occur in children with palsies of cranial nerve III and
cranial nerve IV, but these occur less frequently.

The young child will rarely complain of double vision. If
the child enters the office closing one eye or turning the
head, the physician must be suspicious that diplopia is pre-
sent. As the image moves into the involved field, the images
will separate. The child will close one eye to eliminate the
double image or will turn the head such that the nose will
obscure the image of the other eye.

Localizing Neurological Signs and Symptoms

Other than the nonspecific signs of increased intracranial
pressure, children with brain tumors will present with signs
and symptoms referable to the location of the mass lesion
(i.e., cerebral hemispheres, midline, and posterior fossa).

Cerebral Hemispheric Location
The most common supratentorial hemispheric tumors are
astrocytomas, anaplastic astrocytomas, and glioblastoma
multiforme. Other tumors occurring in this region include
oligodendrogliomas, meningiomas, and cerebral primitive
neuroectodermal tumors. Children with hemispheric tu-
mors typically present late with increased intracranial
pressure, because pressure symptoms tend to occur sec-
ondary to tumor bulk rather than to obstruction of cere-
brospinal fluid (CSF) pathways. Localizing signs and
symptoms of tumors in this location include headache,
seizures, hemiparesis, hemisensory loss, and hemianopsia.
When present, a focal headache is highly correlated with tu-
mor localization, although generalized headaches are more
common.

Supratentorial tumors are often epileptogenic in nature.
Seizures tend to occur more frequently with slower-
growing tumors such as oligodendrogliomas and low-
grade astrocytomas than with higher-grade tumors such as
glioblastoma multiforme. In those cases of children with
seizures in whom an initial evaluation has been negative
for a mass lesion, if after several years there is a change in
the frequency or the quality of the seizures, a change on
electroencephalogram (EEG) pattern from spike to slow
wave, or a change in neurological examination and/or
change in behavior or school performance, the child must

be reevaluated. A previously unrecognized hamartoma
may have dedifferentiated into a malignant lesion. It
should be emphasized, however, that most children with
seizures do not have an underlying malignancy.

Other signs of hemispheric mass lesions further reflect
the site of involvement (e.g., hemiparesis, hemisensory
loss, and/or hemianopsias). Hemipareses in this context
are usually more subtle than those occurring following a
stroke; a drift of the arm, a pronator sign, or a slight drag-
ging of the leg may be all that is identified on careful neu-
rological examination. Indeed, one of the most striking
characteristics of some children with large supratentorial
mass lesions is the relative lack of symptoms.

Midline Location
Midline tumors include optic pathway and hypothalamic
tumors (typically pilocytic astrocytomas), as well as cranio-
pharyngiomas and pineal region tumors. This latter group
ranges from the highly malignant pineoblastoma to the ra-
diosensitive and chemosensitive germinoma. Children
whose tumors involve the optic pathway present with vi-
sual loss, visual field abnormalities, or, in the case of tumor
involving the optic chiasm, nystagmus. The last-mentioned
symptom may at times be confused with congenital
nystagmus or spasmus nutans. Hypothalamic and pituitary
involvement may produce a variety of endocrinopathies,
including precocious or delayed puberty, diabetes in-
sipidus, hypothyroidism, weight loss or gain, and growth
failure. Children with tumors in the pineal region typically
present with increased intracranial pressure, as well as
Parinaud’s sign (i.e., failure of upward gaze and disorders
of accommodation and convergence secondary to com-
pression of the quadrigeminal plate). Precocious puberty
may occur in boys who have tumors in this location.

Posterior Fossa Location
Posterior fossa tumors include medulloblastomas, cerebel-
lar astrocytomas, ependymomas, and brainstem gliomas.
Most children with posterior fossa tumors present early
with signs and symptoms of increased intracranial pressure
due to obstruction of the aqueduct of Sylvius or the fourth
ventricle. In addition, children with cerebellar tumors pre-
sent with disorders of coordination that vary in character
depending on location of the tumor. Children whose tu-
mors are located in the midline of the cerebellum (vermis)
present with truncal ataxia, whereas those children whose
tumors are located more laterally in the cerebellar hemi-
spheres present with dysmetria and dysdiadochokinesia.
Nystagmus reflects brain-stem involvement. Other cerebel-
lar signs include scanning speech, hypotonia, pendular
reflexes, and skew deviation of the eyes.

Children with brain-stem tumors have ataxia, corti-
cospinal tract signs, and cranial neuropathies, but increased
intracranial pressure occurs either late or not at all. For ex-
ample, depending on the location of the mass in the brain
stem, the child may have an ipsilateral palsy of cranial nerve
VI or cranial nerve VII with ataxia and contralateral
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hemiparesis. Lesions of the lower brain stem tend to be as-
sociated with hypernasal speech, difficulty with swallowing,
and dysarthria. Increased tone in the lower extremities with
hyperactive reflexes and extensor plantar responses is com-
monly seen in children with pontine and medullary lesions.
Personality changes are also typical.

Neuropsychiatric Symptoms as Presenting
Signs of Brain Tumors in Children

Despite the critical clinical importance of the pattern of
presenting symptoms, research data on this question are
limited. Psychiatrists especially would like to know how of-
ten children with brain tumors present with neuropsychi-
atric signs and symptoms only and a normal neurological
history and examination. Furthermore, what patterns of
symptoms are most likely suggestive of a brain tumor?

In one of the few studies, Keschner and coworkers
(1938) reviewed 530 cases of brain tumors in adults and
noted that an early clinical indication of a tumor was a
neuropsychiatric symptom in 18% of their patients with
supratentorial tumors and in 5% with infratentorial tu-
mors. A more recent study (Zaki et al. 1993) reviewed the
presenting symptoms in 1,111 cases (mostly adults) with
primary brain tumors. A “mental defect” was the sole
presenting sign in 8% of the patients, and, overall, 19% of
the patients had a normal neurological examination on
presentation.

In the pediatric literature, Flores and coworkers (1986)
reviewed the records of 79 children with primary brain tu-
mors. In their series, 9% of the patients presented with a
single symptom (including headache, vomiting, weight
loss, or mood or behavioral changes) and normal neuro-
logical findings. No further description of the neuropsychi-
atric status was offered. The remainder of the patients had
signs and symptoms of increased intracranial pressure or
focal neurological deficits. Edgeworth and colleagues
(1996) reviewed in more detail the presentations of 74
children with primary tumors. Although vomiting (65%)
and headache (64%) were the most common presenting
symptoms, neuropsychiatric symptoms were also common
(52%), as was deterioration in school function (20%). It
was not clear how frequently neuropsychiatric or neu-
rocognitive symptoms were the sole presenting complaint,
although on initial consultation the symptoms of 17% of
the children were thought to have a psychological etiology.
Keene (1999) reported that more than 50% of their series
of 74 pediatric brain tumor patients exhibited behavioral
changes. Mehta (2002) found that, in their Canadian series
of 104 pediatric patients, 66% had nausea/vomiting, 63%
headaches, and 50% had behavioral changes at presenta-
tion. Nearly 80% of their series presented with either
headaches, nausea, or vomiting. Only one had behavioral
changes as their sole presenting finding without other
symptoms or neurological signs This was a case presenting
as anorexia nervosa but without the body image distortion

and fear of gaining weight so characteristically seen, much
like the case series reported by Chipkevitch (1994).

Taken together, this literature would suggest that a sig-
nificant but very small minority of patients present with
broad neuropsychiatric symptoms and no other neurolog-
ical findings.

The types of symptoms and psychopathology reported
in association with brain tumors in children range widely.
Although there are no large studies of the incidence of spe-
cific neuropsychiatric disorders in this population, there
are case reports that describe psychosis (Caplan et al. 1991;
Carson et al. 1997; Mordecai et al. 2000), depressive disor-
ders, anorexia nervosa (Chipkevitch 1994; Weller 1982;
Heron 1976), aggression (Nakaji 2003; Weissenberger
2001), obsessive-compulsive behaviors and obsessive-
compulsive disorder (Caplan et al. 1992; Peterson et al.
1996; Shuren et al. 1995), school refusal (Overmeyer et al
.1992; Stein et al. 1996), learning disabilities, and deterio-
rations in school performance. In addition, in the adult lit-
erature, there are descriptions of mania (Binder 1983;
Bourgeois et al. 1992; Starkstein et al. 1988), panic disorder
(Filley and Kleinschmidt-DeMasters 1995), other anxiety
disorders (Bristow 1991), and schizophrenia (Kan et al.
1989). Taken together, these cases demonstrate a wide va-
riety of psychopathology associated with brain tumors in
children and adults.

Relationship of Tumor Type and Location
to Symptoms

There are no data to suggest that the type of brain tumor
has any relationship to specific symptoms, although many
authors suggest that there is a relationship between the lo-
cation of the tumor and the type of symptoms. The sparse
literature that does exist on this issue relates primarily to
adults and was reviewed by Price and coworkers (1992).

Affective syndromes and psychotic symptoms are not
uncommon in frontal lobe tumors.

Temporal lobe tumors are often associated with psy-
chosis or schizophrenia-like illnesses, nonspecific personal-
ity changes, anxiety symptoms, or mood disorders. Parietal
and occipital lobe tumors are generally less likely to cause
behavioral changes. Parietal lobe tumors appear to be more
likely to result in neuropsychological difficulties (e.g., aster-
eognosis, agraphesthesia, apraxias, dysgraphia, acalculia,
finger agnosia, and right/left confusion). Occipital tumors
are associated with visual hallucinations in a minority of pa-
tients. These hallucinations tend to be unformed images
and only rarely are more complex and sustained. Dien-
cephalic tumors typically involve regions that are part of or
close to the limbic system. Consequently, neuropsychiatric
symptoms are common. Schizophrenia-like illnesses, de-
pression, nonspecific personality changes, and hyperphagia
and/or anorexia nervosa (typically associated with hy-
pothalamic tumors) have all been reported. Pituitary tu-
mors generally present with endocrine abnormalities, but
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neuropsychiatric symptoms are common as well. Posterior
fossa tumors reportedly present less frequently with neu-
ropsychiatric symptoms, although some series report other-
wise. The symptoms are highly variable and do not differ
from those of supratentorial tumors.

All in all, although tumor location plays a role in
presenting symptoms, it is not a major factor. This is prob-
ably due to the widespread and complex connections -
between different areas of the brain disrupted by tumors.
Other factors thought to be of greater significance in
symptom generation include the extent of the mass,
rapidity of growth, presence of increased intracranial
pressure, premorbid neuropsychiatric symptoms, and
psychological defenses.

GUIDELINES FOR NEUROIMAGING

Although it is unusual for children to present with clear-cut
neuropsychiatric syndromes and no neurological signs and
symptoms, this does occur rarely. Typically these cases pre-
sent in complex ways making it difficult to separate out
effects of the tumor per se from life stress, family effects,
genetic loading for neuropsychiatric disorders, other medi-
cal problems associated with the tumor (e.g., seizures,
endocrine abnormalities), and treatment effects.

So where does this leave the clinician? What kind of
neurological workup should be carried out on children
with neuropsychiatric disorders? Very little has been writ-
ten about this subject, and major textbooks generally do
not address the issue. There is some discussion of this sub-
ject in the adult literature (Filley et al 1995; Weinberger
1984), but findings in adults have limited utility for chil-
dren and adolescents. We are in agreement with Ron
(1989), who states that “to perform costly investigations
for every psychiatric patient because of the rare chance of
finding a brain tumour is unnecessary and wasteful. In this
age of advanced technology, a detailed clinical history and
a careful physical examination are still the best predictors
of brain pathology” (p. 738).

This perspective is supported by the findings from two
studies. Ghaziuddin and colleagues (1993) reviewed the
CT scans of 122 child and adolescent psychiatric inpatients.
Whereas 22% of these patients’ scans were abnormal, the
vast majority were categorized as nonspecific or mildly
abnormal. In only two patients were the findings grossly
abnormal, and both of these patients had previously diag-
nosed brain tumors. In no patient was a change in the di-
agnosis or management made as a result of the CT findings.
Adams and colleagues (1996) assessed the value of neu-
roimaging tests in 111 consecutively admitted adolescent
inpatients with first-onset psychosis. None of the patients
had abnormal EEGs, and 12% had abnormal CT scans.
None of these positive test results identified an unsus-
pected medical disorder or made a difference in any pa-
tient’s clinical management. The authors concluded that

neuroimaging screening tests in first-onset adolescent psy-
chosis have neither demonstrated diagnostic utility nor
positive predictive value.

Ryan (1996), in a discussion of Adams and colleagues’
findings, concurs with and modestly expands their recom-
mendations, as does Zametkin in his ten year review of
the role of the laboratory (1998). The neurological litera-
ture also supports judicious use of neuroimaging (Lewis et
al. 2002; Medina et al. 2003; Sudlow 2002). Combining
all of these conclusions with our clinical experience, we
suggest that neuroimaging screening to rule out brain tu-
mors in the pediatric population be considered in the fol-
lowing situations:

1. New-onset neuropsychiatric disorder with focal neu-
rological signs.

2. New-onset neuropsychiatric disorder with concomitant
history of seizures, nausea and vomiting, visual distur-
bances, motor abnormalities, altered consciousness, or
high-risk headaches (see subsection on nonlocalizing
neurological symptoms earlier in this chapter).

3. New-onset neuropsychiatric disorder with positive fam-
ily history of heritable medical condition or stigmata of
known medical illness (e.g., neurofibromatosis).

4. First-onset psychosis with uncertain or unreliable medi-
cal history.

5. New-onset neuropsychiatric disorder associated with
confusion or clear signs of neuropsychological deterio-
ration.

MEDICAL–SURGICAL TREATMENT
OF BRAIN TUMORS

Surgery is the primary treatment approach to the child with
a brain tumor. The goals of surgery are to remove the tumor,
obtain a tissue diagnosis, reopen CSF pathways, and reduce
mass effect. Advances in surgery, including development of
the operating microscope, laser, and microsurgical tech-
niques, have allowed the surgeon access to previously inac-
cessible parts of the nervous system. Even tumors located in
the pineal region, brain stem, and midline can be surgically
approached in most cases. Some tumors can be cured with
surgical excision alone. These include cystic cerebellar as-
trocytomas, meningiomas, choroid plexus papillomas, and,
in cases with severe visual loss, optic nerve tumors. Even if
surgery alone is not curative, there is strong evidence to sug-
gest that a gross total resection will measurably improve
survivals in certain tumor types, most notably medulloblas-
toma and ependymoma.

Radiation is administered postoperatively in cases
where surgical excision will not provide a cure. The volume
of radiation (i.e., whole brain, local, or craniospinal) in
these cases is determined by the tendency of the tumor to
spread both locally and throughout the CSF pathways. As
such, the child with a low-grade supratentorial astrocytoma
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will receive local radiation, the child with a medulloblas-
toma (a tumor that tends to seed the CSF pathways) will re-
ceive craniospinal radiation, and the child with a glioblas-
toma will receive either whole-brain radiation or local
radiation with wide ports. Newer techniques to reduce the
volume of radiation include three-dimensional conformal
radiotherapy. The dose of radiation varies. Children with
medulloblastomas typically receive 3,600 centi-Gray units
to the neuraxis and 5,500 centi-Gray units to the posterior
fossa, whereas children with brainstem gliomas receive
5,500 centi-Gray units  to the posterior fossa alone. In re-
cent years, longterm effects of radiation on intelligence,
learning abilities, and endocrine function have been de-
scribed. These studies have led to modifications of both the
dose and the volume of radiation for children with brain
tumors, especially the very young. Even in older children,
current national treatment protocols for medulloblastoma
are reducing the amount of radiation to the brain and
spinal cord while maintaining high-dose radiation to the
primary tumor site. To do this safely, adjuvant chemother-
apy is added. It is hoped that a reduction in radiation dose
will be associated with comparable survival rates but fewer
and less severe adverse effects on intelligence and learning.
Whether this is true remains controversial (see section on
Neuropsychological Functioning).

Over the past decade, chemotherapy has played an in-
creasingly important role in the treatment of children with
brain tumors. Chemotherapeutic agents have primarily
been given postoperatively along with radiation, or alone at
the time of tumor recurrence. The drugs are typically ad-
ministered either intravenously or orally. Intrathecal ther-
apy, such as methotrexate, may be associated with severe
untoward side effects, and hence this route has been less
popular in recent years. The most promising drugs to date
include cyclophosphamide, cis- platinum and its analogues,
etoposide, the nitrosoureas, and vincristine.

Chemotherapy has been the primary postoperative
treatment modality for infants and very young children
with malignant brain tumors, in whom issues of radiation
toxicity have been of the greatest concern. Although results
with chemotherapy are generally no better than those
achieved with radiation, survival rates in certain tumor
types appear to be comparable. It is hoped that the long-
term effects of chemotherapy will be fewer and less severe
than those associated with radiation to the infant brain.

NEUROPSYCHIATRIC AND
PSYCHOSOCIAL COMPLICATIONS OF
BRAIN TUMORS AND THEIR TREATMENT

Psychiatric Perspectives

As noted, there are numerous case reports and small case
series documenting neuropsychiatric disorders in children
presenting with brain tumors. We could find no study that

systematically documented neuropsychiatric disorders sub-
sequent to presentation in the pediatric brain tumor (PBT)
population. Although some studies do address the general
issue of the psychosocial adjustment of children, specific
definitions of disorder, dysfunction, or disability are gener-
ally lacking. Virtually all of the data from these studies are
of a dimensional, as opposed to categorical, nature, and do
not use Diagnostic and Statistical Manual of Mental Disor-
ders (DSM) (or comparable) criteria for evaluation of the
children. These studies used parent questionnaires and/or
nonstandardized interview schedules to assess psychoso-
cial adjustment. Standardized clinical or semistructured in-
terview protocols have not been used.

As a backdrop to further discussion of this topic, it is
worthwhile to remind readers of Rutter’s Isle of Wight
study (Rutter et al. 1970). Although Rutter did not look
specifically at the impact of brain tumors on neuropsychi-
atric disorder, he did look at correlates of neurological dis-
orders in general. In his large population sample of older
latency-age children, he found the prevalence of neuropsy-
chiatric disorder to be 7%. This contrasted with a preva-
lence of 12% in children who had nonneurological,
chronic illness and 44% in children with a chronic illness
involving the CNS. When these findings were further bro-
ken down on the basis of presence or absence of epilepsy,
the results were even more striking. Nearly 60% of children
with CNS involvement plus epilepsy had a neuropsychi-
atric disorder. Rates in those without epilepsy approached
40%. Overrepresented were cases of hyperactivity and per-
vasive developmental disorder in the children with neuro-
logical involvement. Thus, we know that CNS disease in
general is associated with excess rates of neuropsychiatric
disorder, and we might expect that this would also, or even
especially, be so for children with brain tumors.

While there is no study that has addressed a population
of children with brain tumors in this manner, there recently
have been a few reports that take more of a psychiatric per-
spective. Meyer and Kieran (2002) retrospectively studied
34 “surgery-only” survivors of pediatric malignancies.
These children had completed treatment from 2 weeks to 5
years prior to the study. The authors reviewed the data from
clinical interviews done as part of their overall medical care
and DSM criteria were used to establish whether or not a
disorder existed. They found that 46% of their shortterm
follow-up (less than 1 year) patients, and 29% of the
longterm follow-up (more than 1 year), met criteria for
dysthymia or major depression; similar numbers met crite-
ria for a “disruptive disorder”; for anxiety disorders, less
than 10% of both groups had a disorder (no different from
population expectations). No patients reported suicidal
ideation or acts. They concluded that large percentages of
pediatric brain tumor patients show psychiatric morbidity
in the short and long term. While there have been no other
studies in children using DSM criteria, Wellisch (2002) also
reported high rates (28%) of major depression in an adult
sample of 88 consecutive brain tumor patients. With
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respect to suicidal ideation and acts only a few studies have
mentioned this, almost always reporting its striking ab-
sence. However, these studies typically report this as an
incidental finding, and no studies have systematically in-
vestigated this issue. It would appear that suicidal ideation
and acts are rare in this population but this remains to be
confirmed. In another relevant study Ross and colleagues
(2003) reviewed the records of all 3,710 Danes who had
been diagnosed before the age of 20 and survived any type
of cancer for more than 3 years. Using the files of the Dan-
ish Cancer Registry and the Danish National Psychiatric
Central Register, they observed all cases for a mean of 15
years or until death. Of the entire cohort, 978 were sur-
vivors of brain malignancies. They found that while there
was no increase in rates of psychiatric hospitalization for
cancer survivors as a whole, the brain tumor survivors had
over a twofold increase in expected rates of hospitalization
(nearly 9% of them had been hospitalized). Exposure to
radiation treatment did not increase the risk for hospital-
ization, although the psychiatric discharge diagnoses sug-
gested elevated rates of schizophrenia and psychotic disor-
ders. This echoes the findings of Loganovsky and
Lganovskaja (2000) who, in a population sample study,
suggested increasing rates of schizophrenia in those ex-
posed to the Chernobyl accident. The possibility that brain
tumors or its treatments might further compromise a ge-
netically vulnerable individual has been suggested by these
studies. Aside from these few studies there is no literature
that has documented rates of psychiatric disorders or mor-
bidity in the pediatric brain tumor population. While it can
be speculated that survivors of pediatric brain tumors
would have elevated rates of attention deficit-hyperactivity
disorder, mood disorders, and schizophrenia among oth-
ers, these studies have not been done.

Psychological and Health-Related
Quality of Life Perspectives

Although there are few studies of pediatric brain tumors
from a neuropsychiatric perspective, there is a substantial
literature addressing “psychosocial” or “health-related
quality of life” issues for this population (Fuemmeler et al.
2002). Psychosocial studies generally use standardized par-
ent or teacher questionnaires such as the Child Behavior
Checklist (CBCL) or PIC to measure levels of emotional dis-
tress, “at risk” or clinical status. These measures have typi-
cally been included in broader evaluations of the overall sta-
tus of survivors, and few studies have queried or observed
the children directly. Health related quality of life studies
use brief (e.g. 15 question) interview schedules that tap into
overall impairment in multiple domains or attributes (e.g.
sensory, mobility, emotion/mental health, cognition, self-
care, pain). These are complementary perspectives and will
be discussed together in this section. These studies are sum-
marized in Table 26.2.

In a study addressing the acute reactions of children with
cancer, Mulhern and colleagues (1993) compared the psy-
chosocial status of 81 children with brain tumors and, as a
control, 31 children with other types of cancer (mostly acute
lymphocytic leukemia). The children in the two groups
were 9 and 12 years of age, respectively, and were evaluated
within 3 months of their diagnosis. Psychosocial adjust-
ment was measured with the CBCL list. They found that ap-
proximately 75% of each group had clinical elevations on at
least one subscale of the CBCL and that approximately 20%
of both groups scored above the clinical cut-off for total be-
havior scores on this instrument. There were no differences
between the two groups. In this acute phase, the authors
noted that 70% of the children with brain tumors had sig-
nificant cosmetic disfigurement, compared with 23% of
those with other types of cancer. They also noted that nearly
half of the children with brain tumors had substantial neu-
rological deficit (vs. 4% of those in the control group). Stu-
ber and colleagues (1998) suggested that the acute response
to pediatric cancer can be understood from a perspective of
post traumatic stress disorder (PTSD) symptoms. These au-
thors suggest that while a full PTSD syndrome is not nor-
mative, many children respond to cancer as a repeated
trauma and report PTSD symptoms. The model may also ap-
ply to parents’ responses. In the only study in patients with
pediatric brain tumors to date, Fuemmeler and colleagues
(2001) evaluated the families of 19 pediatric brain tumor
survivors for PTSD symptoms. They found that 43% of the
parents, 7 years after diagnosis of the disease in their child,
met criteria for PTSD. Their symptoms were deemed to be
in the moderate to severe range, somewhat lower than for
other acute stressors (e.g. rape, combat, accident/fire). In
summary, this work suggests that in the immediate
aftermath of diagnosis, the majority of children with brain
tumors show considerable psychological distress. It also
suggests that the rate of psychological disorder is elevated,
but no more so than in children with other types of cancer.
Posttraumatic stress models may help to explain the
child’s and parents’ emotional experiences in the short and
perhaps long term.

Other studies have addressed longer-term psychosocial
adjustment and quality of life of children with brain tumors.
A number of studies have examined these issues in the inter-
mediate term (less than 5 years follow-up), generally using
the CBCL or PIC. Earlier studies of mixed tumor types found
rates of psychological/behavioral morbidity of 42 to 64%
(Kun and Mulhern 1983; Mulhern and Kun 1985; LeBaron
and colleagues 1988). More recent studies (Mulhern et al.
1994; Slavc et al. 1994; Fossen et al. 1998) found rates of clin-
ical emotional problems in 25 to 62% of school-age sur-
vivors. Three other studies used mean CBCL scores to mea-
sure psychological adjustment but did not report numbers of
patients meeting clinical cutoff scores. Radcliffe and
colleagues (1996) evaluated 38 children 2 to 5 years after
diagnosis using CBCL (parent and teacher reports) and se-
lected additional self- and parent-report questionnaires. They

Chapter 26: Pediatric Brain Tumors 571

75191_ch26.qxd  9/30/05  18:42  Page 571



TA
B

LE
 2

6.
2

P
SY

C
H

O
SO

C
IA

L 
O

U
TC

O
M

E
 IN

 S
U

R
V

IV
O

R
S 

O
F 

P
E

D
IA

TR
IC

 B
R

A
IN

 T
U

M
O

R
S

M
ea

na
E

m
p

lo
ym

en
t/

h

A
g

e
Tu

m
o

rb
B

eh
av

io
ra

l/
e

M
ar

it
al

 
St

ud
y

N
D

x/
F-

U
Ty

p
e

Tr
ea

tm
en

tc
M

ea
su

re
sd

E
m

o
ti

o
na

l*
C

o
g

ni
ti

ve
f

A
ca

d
em

ic
g

St
at

us
N

eu
ro

lo
g

ic
al

i
C

o
m

m
en

ts
j

In
te

rm
ed

ia
te

-t
er

m
 S

tu
d

ie
s 

(�
5 

yr
)

K
un

 e
t 

al
.

3
0

6/
8

50
%

 S
T

67
%

 R
T

W
IS

C
/M

C
,

62
%

10
%

 M
R

60
%

 S
E

d
—

20
%

 M
o

d
-S

ev
Lo

w
er

 r
is

k 
fo

r
19

83
50

%
 IT

10
%

 C
M

T
P

IA
T,

 P
IC

FS
IQ

 9
7

p
o

st
er

io
r 

fo
ss

a
30

%
 N

o
R

T
M

ul
he

rn
2
6

8/
8.

5
57

%
 S

T
96

%
 R

T
W

IS
C

/M
C

,
42

%
4%

 M
R

24
%

 S
E

d
—

15
%

 S
z

N
o

 r
el

at
io

n 
to

an
d

 K
un

43
%

 IT
LB

C
 o

r
FS

IQ
 1

03
g

en
d

er
, a

g
e

19
85

P
IC

,
at

 d
ia

g
no

si
s,

W
R

A
T

tu
m

o
r 

lo
ca

ti
o

n
H

c,
 R

T
Le

B
ar

o
n 

et
1
5

8.
4/

10
.1

0
P

F
73

%
 R

T
W

IS
C

, P
IA

T,
64

%
2%

 M
R

47
%

 S
E

d
—

20
%

 M
o

d
-S

ev
al

. 1
98

8
N

P
, C

B
C

L
FS

IQ
 7

7
M

ul
he

rn
 e

t
1
6

4.
1/

6.
5

B
SA

C
56

%
 R

T
W

IS
C

/M
C

, 
62

.5
%

12
%

 M
R

30
%

 S
E

d
—

39
%

 M
o

d
-S

ev
al

. 1
99

4
W

R
A

T,
FS

IQ
 9

4
7%

 S
z

C
B

C
L,

V
in

el
an

d
Sl

av
c 

et
 a

l.
4
8

7.
6/

10
.2

54
%

 S
T

60
%

 R
T

C
B

C
L,

25
%

5%
 M

R
22

%
 S

E
d

—
15

%
 M

o
d

-S
ev

P
ro

sp
ec

ti
ve

19
94

46
%

 IT
50

%
 C

M
T

La
ns

ky
,

38
%

 B
IF

19
%

 S
z

fo
llo

w
-u

p
 o

f
W

IS
C

FS
IQ

 8
9

co
ns

ec
ut

iv
e

p
at

ie
nt

s
C

ar
ls

o
n-

6
3

7/
11

48
%

 A
C

63
%

 R
T;

C
B

C
L,

 S
-B

,
C

B
C

L 
m

ea
n

IQ
 9

2,
Fa

m
ily

 s
tr

es
s,

 
G

re
en

 
33

%
30

%
 s

ur
g

V
L,

 W
R

A
T

58
V

L 
85

,
no

t 
R

T,
 a

/w
et

 a
l.

P
N

E
T

W
R

A
T 

86
b

eh
av

io
r

19
95

6%
 C

P
p

ro
b

le
m

s
R

ad
cl

iff
e 

et
3
8

7.
5/

11
53

%
 S

T
64

%
 R

T
C

B
C

L,
 C

D
I,

—
—

41
%

 S
E

d
—

—
—

al
. 1

99
6

47
%

 IT
36

%
 C

M
T

C
M

A
S,

SP
P

, T
R

F,
V

in
el

an
d

Fo
ss

en
 e

t
1
6

6/
11

63
%

 M
B

10
0%

 R
T

C
B

C
L 

(P
,T

),
31

%
FS

IQ
 7

8;
87

%
 S

E
d

A
LL

/M
TX

al
. 1

99
8

19
%

 A
C

W
IS

C
,

25
%

 M
R

co
nt

ro
l g

ro
up

12
%

 
V

M
I

E
p

en
d

.
M

ey
er

 a
nd

3
4

9/
9.

5
75

%
 A

C
Su

rg
er

y
N

SI
56

%
 d

is
o

rd
er

;
35

%
U

se
d

 D
SM

-I
V

K
ie

ra
n

41
%

 IT
o

nl
y 

0%
35

%
 d

ep
re

s-
ac

ad
em

ic
cr

it
er

ia
20

02
R

T
si

ve
 d

/o
; 

p
ro

b
le

m
s

35
%

 d
is

ru
p

-
ti

ve
 d

/o

75191_ch26.qxd  10/5/05  22:33  Page 572



Lo
ng

te
rm

 S
tu

d
ie

s 
(�

5 
yr

)

M
ea

na
E

m
p

lo
ym

en
t/

h

A
g

e
Tu

m
o

rb
B

eh
av

io
ra

l/
e

M
ar

it
al

 
St

ud
y

N
D

x/
F-

U
Ty

p
e

Tr
ea

tm
en

tc
M

ea
su

re
sd

E
m

o
ti

o
na

l*
C

o
g

ni
ti

ve
f

A
ca

d
em

ic
g

St
at

us
N

eu
ro

lo
g

ic
al

i
C

o
m

m
en

ts
j

Fo
llo

w
-u

p
 in

to
 A

d
o

le
sc

en
ce

Sp
un

b
er

g
1
4

�
2/

13
43

%
 S

T
10

0%
 R

T
W

IS
C

/M
c,

35
%

64
%

 M
R

46
%

 S
E

d
—

64
%

 M
o

d
-S

ev
A

ll 
p

at
ie

nt
s

et
 a

l.
57

%
 IT

0 
C

M
T

W
R

A
T,

36
%

 S
z

d
ia

g
no

se
d

19
81

TA
T,

b
ef

o
re

 a
g

e 
2 

C
A

T,
ye

ar
s;

N
SI

m
in

im
um

 
5-

ye
ar

 s
ur

vi
va

l
D

an
o

ff
 e

t
3
8

8/
17

68
%

 S
T

10
0%

 R
T

W
IS

C
, W

R
A

T,
39

%
17

%
 M

R
40

%
 “

Sp
ec

ia
l

33
%

 U
ne

m
p

11
%

 M
o

d
-S

ev
31

 r
ef

us
ed

 t
o

al
. 1

98
2

32
%

 IT
0 

C
M

T
N

SI
sc

ho
o

l”
p

ar
ti

ci
p

at
e

P
ac

ke
r 

et
2
4

7.
9/

12
P

N
E

T
10

0%
 R

T
W

IS
C

, W
R

A
T,

—
13

%
 M

R
54

%
 S

E
d

—
11

%
 M

o
d

-S
ev

N
o

 e
va

lu
at

io
n 

o
f

al
. 1

98
7

30
%

 C
M

T
V

in
el

an
d

, 
FS

IQ
 9

7
p

sy
ch

o
so

ci
al

N
P

-
st

at
us

H
o

p
p

e-
1
2
0

6/
11

M
B

81
%

 R
T

N
o

t
47

%
 a

t 
5

18
%

 M
R

 a
t

26
%

 “
Sp

ec
ia

l
36

%
11

%
 S

z
O

nl
y 

13
 p

at
ie

nt
s

H
ir

sc
h

60
%

 C
M

T
d

es
cr

ib
ed

ye
ar

s;
 7

8%
5 

ye
ar

s;
sc

ho
o

l”
 a

t
U

ne
m

p
p

ar
ti

ci
p

at
ed

 in
et

 a
l.

at
 1

0 
ye

ar
s

46
%

 M
R

5 
ye

ar
s;

 6
2%

 
C

o
m

p
E

m
p

10
-y

ea
r

19
90

at
 1

0 
ye

ar
s

at
 1

0 
ye

ar
s

fo
llo

w
-u

p
Se

av
er

 e
t

1
8

6/
15

66
%

 M
B

10
0%

 R
T

W
R

A
T,

25
%

–4
0%

N
/A

83
%

 S
E

d
—

N
/A

R
el

at
io

n 
to

 g
re

at
er

al
. 1

99
4

33
%

 P
FE

77
%

 C
M

T
W

IS
C

/M
c,

ti
m

e 
fr

o
m

W
SP

R
, Y

SR
, 

d
ia

g
no

si
s;

 n
o

A
P

I, 
SC

L-
90

re
la

ti
o

n 
to

 t
re

at
-

C
B

C
L

m
en

t 
o

r 
d

o
se

Fo
le

y 
et

 a
l.

2
9

6.
5/

12
.5

H
T/

o
p

ti
c

U
nc

le
ar

C
B

C
L 

(P
),

38
%

63
%

 S
E

d
; 

21
%

C
o

nt
ro

l 2
9

20
00

ch
ia

sm
FA

D
in

te
rn

al
iz

in
g

;
22

%
m

ix
ed

 P
B

T;
 n

o
 

24
%

 e
xt

.
re

p
ea

te
d

st
at

is
ti

ca
l

g
ra

d
e

d
iff

er
en

ce
b

et
w

ee
n 

g
ro

up
s.

N
o

 r
el

at
io

ns
hi

p
b

et
w

ee
n 

fu
nc

ti
o

n
fa

m
ily

 a
nd

p
sy

ch
o

so
ci

al
p

ro
b

le
m

s.
C

ar
p

en
ti

er
i

3
2

9.
5/

14
.5

44
%

 A
C

30
%

 s
ur

g
B

A
SC

 (P
,

P
: a

tt
en

ti
o

n,
C

hi
ld

re
n 

re
p

o
rt

et
 a

l.
13

%
 M

B
o

nl
y;

T,
 C

)
so

m
at

iz
at

io
n,

no
 p

ro
b

le
m

s.
20

03
16

%
 C

P
70

%
 R

T
le

ad
er

sh
ip

;
O

nl
y 

m
ea

n
T:

 le
ar

ni
ng

,
sc

o
re

s 
re

p
o

rt
ed

,
so

m
at

iz
at

io
n

co
m

p
ar

ed
 t

o
st

an
d

ar
d

iz
at

io
n 

no
rm

s.

Fo
llo

w
-u

p
 in

to
 A

d
ul

th
o

o
d

 

La
nn

er
in

g
5
6

9/
19

48
%

 S
T

38
%

 R
T

W
IS

C
, N

SI
14

%
13

%
 M

R
 

46
%

 H
S 

g
ra

d
66

%
 E

m
p

34
%

 M
o

d
-S

ev
M

in
im

um
 5

-y
ea

r
et

 a
l.

52
%

 IT
29

%
 C

M
T

17
%

 B
IF

(v
s.

 8
8%

),
(v

s.
 8

0%
)

10
%

 S
z

su
rv

iv
al

; r
an

d
o

m
19

90
17

%
 M

a 
co

nt
ro

l g
ro

up
(v

s.
 4

5%
)

(c
o

nt
in

ue
d

)

75191_ch26.qxd  10/7/05  03:56  Page 573



574 Section III: Neuropsychiatric Aspects of Neurologic Disorders of Children and Adolescents

TA
B

LE
 2

6.
2

(c
o

nt
in

ue
d

)

M
ea

n
E

m
p

lo
ym

en
t/

h

A
g

e
Tu

m
o

rb
B

eh
av

io
ra

l/
e

M
ar

it
al

 
St

ud
y

N
D

x/
F-

U
a

Ty
p

e
Tr

ea
tm

en
tc

M
ea

su
re

sd
E

m
o

ti
o

na
l

C
o

g
ni

ti
ve

f
A

ca
d

em
ic

g
St

at
us

N
eu

ro
lo

g
ic

al
i

C
o

m
m

en
ts

j

M
o

st
o

w
3
4
2

11
/3

2
18

%
 S

T
54

%
 R

T
N

SI
12

%
8%

 m
en

ta
lly

12
th

 g
ra

d
e

15
%

 U
ne

m
p

N
/A

M
in

im
um

 5
-y

ea
r

et
 a

l.
39

%
 IT

3%
 C

M
T

in
co

m
-

(v
s.

 1
3t

h)
(v

s.
 1

%
) M

a:
su

rv
iv

al
; n

o
19

91
36

%
 N

O
S

p
et

en
t

44
%

 ?
re

la
ti

o
n 

to
 

75
%

 /
ag

e,
 t

um
o

r
ty

p
e;

 m
al

es
fa

re
d

 w
o

rs
e;

m
at

ch
ed

si
b

lin
g

 c
o

nt
ro

l
H

ay
s 

et
 a

l.
2
2

N
A

/3
3

N
/A

60
%

 R
T

N
SI

N
/A

N
/A

91
%

 H
S

54
%

 E
m

p
 (v

s.
 8

6%
),

N
/A

N
o

nC
N

S 
tu

m
o

r
19

92
g

ra
d

36
%

 M
a 

(v
s.

 6
3%

),
g

ro
up

 a
s

23
%

 D
iv

 (v
s.

 8
%

)
co

nt
ro

l
Sy

nd
ik

us
6
7

2.
8/

16
.5

53
%

 S
T

10
0%

 R
T

W
IS

C
,

33
%

39
%

 M
R

58
%

 S
E

d
61

.5
%

 a
d

ul
ts

48
%

 M
o

d
-S

ev
A

ll 
�

ag
e 

3 
ye

ar
s

et
 a

l.
(2

6 
�

47
%

 IT
15

%
 C

M
T

W
R

A
T,

E
m

p
 3

.8
%

15
%

 S
z

at
 t

re
at

m
en

t;
19

94
ag

e 
18

)
N

SI
ad

ul
ts

 M
a

m
in

im
um

 6
-

ye
ar

 s
ur

vi
va

l;
d

ef
in

ed
.

Ze
b

ra
ck

11
01

D
x

65
%

 A
C

72
%

 R
T;

B
SI

-1
8

11
%

 “
at

 r
is

k”
;

C
o

nt
ro

l g
ro

up
et

 a
l.

,1
9;

18
%

 P
N

E
T

21
%

p
ri

m
ar

ily
2,

91
6 

si
b

lin
g

s.
20

03
F/

U
 2

6
17

%
 

C
M

T
d

ue
 t

o
M

ea
n 

sc
o

re
s

m
ix

ed
el

ev
at

ed
W

N
L 

an
d

 n
o

d
ep

re
ss

io
n

d
iff

. v
s.

 s
ib

s.
al

th
o

ug
h 

o
nl

y
5%

 s
ib

s.
 “

at
ri

sk
”.

 N
o

 r
el

.
to

 a
g

e 
o

f 
d

x,
R

T,
 C

M
T

N
o

te
. N

/A
 =

 n
o

t 
ap

p
lic

ab
le

 
a D

x 
=

d
ia

g
no

si
s;

 F
-U

 =
 f

o
llo

w
-u

p
. V

al
ue

s 
no

t 
ex

p
re

ss
ed

 a
s 

d
ec

im
al

s 
ar

e 
in

 y
ea

rs
; v

al
ue

s 
ex

p
re

ss
ed

 a
s 

d
ec

im
al

s 
ar

e
in

 y
ea

rs
 a

nd
 m

o
nt

hs
.

b
B

SA
C

 =
 b

ra
in

st
em

 a
st

ro
cy

to
m

a;
 IT

 =
 in

fr
at

en
to

ri
al

; M
B

 =
 m

ed
ul

lo
b

la
st

o
m

a;
 N

O
S 

=
 n

o
t 

o
th

er
w

is
e 

sp
ec

ifi
ed

; P
F 

=
p

o
st

er
io

r 
fo

ss
a;

 P
FE

 =
 p

o
st

er
io

r 
fo

ss
a 

ep
en

d
ym

o
m

a;
 P

N
E

T 
=

 p
ri

m
it

iv
e 

ne
ur

o
ec

to
d

er
m

al
 t

um
o

rs
; S

T 
=

su
p

ra
te

nt
o

ri
al

.
c C

M
T 

=
 c

he
m

o
th

er
ap

y;
 R

T 
=

 r
ad

io
th

er
ap

y
d
A

P
I =

 A
d

o
le

sc
en

t 
P

sy
ch

o
so

ci
al

 In
ve

nt
o

ry
; C

A
T 

=
 C

hi
ld

 A
p

p
er

ce
p

ti
o

n 
Te

st
; C

B
C

L 
=

 C
hi

ld
 B

eh
av

io
r 

C
he

ck
lis

t;
 C

P
I

=
 C

hi
ld

 D
ep

re
ss

io
n 

In
ve

nt
o

ry
; C

M
A

S 
=

 C
hi

ld
 M

an
ife

st
 A

nx
ie

ty
 S

ca
le

; L
an

sk
y 

=
 L

an
sk

y 
P

la
y 

Sc
al

e;
 L

B
C

 =
 L

o
ui

sv
ill

e
B

eh
av

io
r 

C
he

ck
lis

t;
 M

C
 =

 M
cC

ar
th

y 
Sc

al
es

 o
f 

C
hi

ld
re

n’
s 

A
b

ili
ti

es
; N

P
 =

 n
eu

ro
p

sy
ch

o
lo

g
ic

al
 b

at
te

ry
; N

SI
 =

no
ns

ta
nd

ar
d

iz
ed

 in
te

rv
ie

w
; P

IA
T 

=
 P

ea
b

o
d

y 
In

d
iv

id
ua

l A
ch

ie
ve

m
en

t 
Te

st
; P

IC
 =

 P
er

so
na

lit
y 

In
ve

nt
o

ry
 f

o
r

C
hi

ld
re

n;
 S

C
L-

90
 =

 S
ym

p
to

m
 C

he
ck

lis
t–

90
; S

P
P

 =
 S

el
f-

P
er

ce
p

ti
o

n 
P

ro
fil

e 
fo

r 
C

hi
ld

re
n;

 T
A

T 
=

 T
he

m
at

ic
A

p
p

er
ce

p
ti

o
n 

Te
st

; T
R

F 
=

 T
ea

ch
er

s 
R

ep
o

rt
 F

o
rm

; V
in

el
an

d
 =

 V
in

el
an

d
 A

d
ap

ti
ve

 B
eh

av
io

r 
Sc

al
es

; W
IS

C
 =

W
ec

hs
le

r 
In

te
lli

g
en

ce
 S

ca
le

 f
o

r 
C

hi
ld

re
n;

 W
R

A
T 

=
 W

id
e 

R
an

g
e 

A
ch

ie
ve

m
en

t 
Te

st
; W

SP
R

 =
 W

as
hi

ng
to

n
St

ru
ct

ur
ed

 P
sy

ch
o

so
ci

al
 R

ev
ie

w
; Y

SR
 =

 Y
o

ut
h 

Se
lf-

R
ep

o
rt

 (o
f 

C
B

C
L)

.
e
P

er
ce

nt
ag

es
 g

iv
en

 a
re

 t
ho

se
 o

f 
sa

m
p

le
 m

ee
ti

ng
 s

tu
d

y 
cr

it
er

ia
 f

o
r 

“b
eh

av
io

r 
p

ro
b

le
m

 o
r 

d
is

tu
rb

an
ce

,”
 “

em
o

ti
o

na
l

p
ro

b
le

m
,”

 “
p

sy
ch

o
lo

g
ic

al
 d

ys
fu

nc
ti

o
n,

” 
an

d
 s

o
 f

o
rt

h.
f B

IF
 =

 b
o

rd
er

lin
e 

in
te

lle
ct

ua
l f

un
ct

io
ni

ng
; F

SI
Q

 =
 F

ul
l S

ca
le

 IQ
; M

R
 =

 m
en

ta
l r

et
ar

d
at

io
n.

g
SE

d
 =

 s
p

ec
ia

l e
d

uc
at

io
n;

 H
S 

=
 h

ig
h 

sc
ho

o
l.

h
D

iv
 =

 d
iv

o
rc

ed
; E

m
p

 =
 e

m
p

lo
ye

d
; M

a 
=

 m
ar

ri
ed

; U
ne

m
p

 =
 u

ne
m

p
lo

ye
d

; C
o

m
p

E
m

p
 =

 c
o

m
p

et
it

iv
el

y 
em

p
lo

ye
d

.
i
M

o
d

-S
ev

 =
 m

o
d

er
at

e 
to

 s
ev

er
e 

ne
ur

o
lo

g
ic

al
 s

eq
ue

lla
e 

as
 d

ef
in

ed
 b

y 
st

ud
y;

 S
z 

=
 s

ei
zu

re
s.

j H
c 

=
 h

yd
ro

ce
p

ha
lu

s.

75191_ch26.qxd  10/6/05  1:07  Page 574



found that mean scores did not differ significantly from test
norms. In distinction, Mabbott (2005) obtained CBCL and
TRF scores for 53 pediatric brain tumor subjects 3 years after
diagnosis. All subjects had posterior fossa tumors and had re-
ceived radiotherapy. They found that scores for internalizing,
social, and attentional problems were elevated 0.5–1 stan-
dard deviation above the norm. Carlson-Green (1995) used
a similar strategy reporting mean CBCL results for 63 pedi-
atric brain tumor cases 4 years after diagnosis (age 11). Even
though the mean scores represented almost one standard de-
viation above population norms, the results did not reach sta-
tistical significance. They noted that family dysfunction, but
not illness or treatment factors, predicted clinical emo-
tional/behavioral problems. In summary most, but not all,
studies of younger children a few years postdiagnosis report
high percentages of survivors with emotional problems.

From a different vantagepoint, a number of researchers
have taken a health related quality of life perspective. Barr
(1999), using the Health Utilities Index, evaluated 44 pa-
tients with pediatric brain tumors at 9.5 years of age (di-
agnosed at 6). They found that 27% had an emotional
disability. In a parallel study using the HUI, Glaser and
colleagues (1999) found that 60% of the 30 survivors (age
6 at diagnosis; 10.5 when evaluated) had an emotional
disability. In a slightly longer follow-up, Foreman (1999)
used the HUI to evaluate 52 patients with pediatric brain
tumors at 16 years of age, 8 years after diagnosis. Thirty-
five percent had an emotional disability. These health re-
lated quality of life studies, as well as that of Jenkin
(1999), have reported that relatively few children (4 to
20%) have no deficits in any areas evaluated and that the
majority have problems in two or more attribute areas,
most notably in the areas of cognition and emotional
health. Surprisingly, these studies noted that many (20 to
35%) of the children also experienced significant pain;
many (roughly 20%) had sensory deficits, ambulation dif-
ficulties, and cosmetic problems. Up to one third had sig-
nificant neurological sequelae. Taken together, these stud-
ies suggest that in the intermediate run, the majority of
children face multiple difficulties, especially in cognitive
and emotional realms.

Numerous studies have examined longer-term follow-up
of patients with pediatric tumors into adolescence (Danoff et
al. 1982; Hoppe-Hirsch et al. 1990; Packer et al. 1987; Seaver
et al. 1994; Spunberg et al. 1981). Rates of emotional/be-
havior disorder ranged from 35 to 47%. Hoppe-Hirsch and
colleagues (1990) reported that 78% of their patients were
disturbed at 10-year follow-up, but there was large attrition,
and only 13 patients were included in that analysis. In a
study using more detailed psychosocial evaluation, Seaver
and colleagues (1994) evaluated 18 patients with posterior
fossa tumors. Mean age at diagnosis was 6 years; mean age at
follow-up was 15 years. The study used a variety of self-re-
port and parent-report measures (i.e., CBCL, Youth Self Re-
port [of the CBCL], Symptom Checklist–90, and Adolescent
Psychosocial Inventory) and a structured clinical interview

(Washington Structured Psychosocial Review). On each in-
dividual measure, scores for 25 to 40% of the survivors were
in a clinical range, and only 56% of the cohort had normal
psychosocial adjustment. Foley and colleagues (2000) com-
pared CBCL results in 29 patients with hypothalamic or op-
tic chiasm tumor with 29 other pediatric brain tumor pa-
tients. Results were obtained at 12.5 years old, 6 years after
diagnosis. While the two groups did not differ in their scores,
38% of the entire cohort scored in a clinical range for an in-
ternalizing disorder and 24% for an externalizing disorder.
Unlike Carlson-Green (1995), they found no relationship
between family functioning and behavior problems. Syn-
dikus and colleagues (1994) reviewed 156 cases of children
diagnosed with a variety of different types of brain tumors
diagnosed at a mean age of just under 3 years. Mean age at
follow-up was 16 years. Of the 57 survivors, nonspecific
emotional or behavioral problems were reported by the par-
ents in 33% of the cases. Generally, these difficulties ap-
peared to be of a depressive nature, but no standardized
measures or diagnostic approaches were utilized. In distinc-
tion to these reports, Carpentieri (2003) studied 32 pediatric
brain tumor patients 5 years after treatment. At a patient
mean age of 14.5 years, the Behavioral Assessment System
for Children (BASC) was administered to the children, par-
ents, and teachers. While 5 to 15% of the children reported
themselves to be in an “at risk” range, this was not signifi-
cantly different from the standardization sample. Parents
and teachers rated problem areas much higher (10 to 20%
scoring in an at risk range), and this was especially true for
attentional problems and somatization. This discrepancy be-
tween informants may reflect neurologically based cognitive
deficits, emotionally based denial, situational differences, or
other factors. Regardless, when evaluating the literature it is
critical to note the informant used.

A few studies have observed survivors of pediatric brain
tumor into adulthood, but few have looked at psychologi-
cal functioning. Mostow and colleagues (1991) followed
up 342 pediatric brain tumor survivors at a mean age of 32
years and found that 23% of survivors with supratentorial
tumors and 10% of those with infratentorial tumors had an
emotional problem. This represented an odds ratio of 19.8
and 2.5, respectively, as compared with matched sibling
controls. Lannering and colleagues (1990) described the
follow-up status, at a mean age of 19 years, of a group of
mixed tumor patients who had survived for a mean of 10
years. The patients in the group had received relatively lit-
tle radiotherapy. Using a nonstandardized interview, the
authors found that 14% had an emotional disorder. In by
far the largest study, Zebrack and colleagues (2003), as part
of the Childhood Cancer Survivor Study, administered the
Brief Symptom Inventory to over 1,100 pediatric brain tu-
mor survivors and 2,817 sibling controls. Unfortunately,
this instrument asks about symptoms in the past 7 days
only. Study participants were 26 years old at the time. Mean
scores were found to be within normal limits, although
11% scored “at risk” versus 5% of sibling controls.
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Social Functioning

Some investigators have addressed the social functioning
and difficulties of children with brain tumors. In the imme-
diate aftermath of diagnosis, children’s lives are highly dis-
rupted with frequent absence from school and other social
activities. Over the next years many have observed changes
in social relationship patterns. Earlier studies utilized par-
ent-report CBCL as the measure of social competence and
did find a decrease in social competence (Carpentieri et al.
1993; Fossen et al. 1998; Radcliffe et al. 1996). In two of
these studies (Carpentieri, Fossen), pediatric brain tumor
patients were compared to children with other, nonCNS
cancers and found to be functioning significantly worse.
Two other studies using parent report measures have con-
firmed social difficulties. Carpentieri (2003) studied 32
adolescents and young adults diagnosed between 2 and 15
years of age. At a mean age of 14.5, they administered the
BASC to parents, teachers, and the youth. While the sur-
vivors reported no social problems, the parents endorsed
significant problems in leadership. Foreman (1999) evalu-
ated 52 pediatric brain tumor patients with a modified
Health Utilities Index completed by mothers. In their study
67% showed evidence of a social impairment. All of these
studies are consistent with the review of social competency
of neurologically impaired children by Nassau and Drotar
(1997). In this review of relevant studies of children with
epilepsy, cerebral palsy, and spina bifida, they concluded
that there was evidence that these children had lowered so-
cial competence compared with healthy children and with
chronically (nonCNS affected) ill children. Like the above
studies, however, the nature of the social difficulty was un-
clear. The findings could reflect cognitive deficits (i.e., non-
verbal learning disability), sensory deficits, emotional im-
pairments, cosmetic or physical infirmities, or fewer social
opportunities.

In an effort to address the mediators of this social deficit,
Noll and colleagues (1992) compared results of the Revised
Class Play in 15 pediatric brain tumor survivors with 
26 children with nonCNS cancer patients, and 16 with
sickle cell disease. In the Revised Class Play, children and
teachers “cast” classmates in an imaginary play to tap social
reputation. While the sickle cell and nonCNS tumor pa-
tients were rated similarly to their healthy classmates, the
brain tumor sample was described as significantly more
sensitive-isolated. In more recent work, this same group
(Vannatta et al. 1998) tried to further delineate the nature
of the social difficulties. They studied 28 pediatric brain tu-
mor survivors and compared them with 28 matched
nonchronically ill classmate-controls. They evaluated these
children 3 years after diagnosis (at mean age 14) using mul-
tiple teacher, peer, and self-rated sociometric measures. The
measures included the Revised Class Play, Three Best
Friends, in which children are asked to nominate their three
best friends; and the Liking Rating Scale, which generates
an average “liking” scale for each child in the class. Results

revealed that the brain tumor survivors were significantly
more socially isolated and sensitive, missed more school,
and were less frequently nominated as a “best friend.”
These studies suggest that the social deficit is not merely
due to fewer opportunities. One group (Barakat et al. 2003)
has attempted to provide a social skills training interven-
tion for pediatric brain tumor survivors and found that a
small to medium effect size was attained. More approaches
like this can be expected in the future.

School Functioning and
Educational Attainment

Because of concerns about cognitive decline (see subse-
quent section), it has been assumed that pediatric brain
tumor survivors would have widespread school and aca-
demic problems. Four studies have looked at school behav-
ior and three (Radcliffe et al. 1996; Glaser et al. 1997; Car-
pentieri et al. 2003) found that pediatric brain tumor
survivors do not show excess behavioral problems in the
school setting when compared to age mates. In a smaller
study Fossen (1998) used the same Teacher Report Form to
compare 16 children with brain tumors and 15 nonirradi-
ated children with acute lymphocytic leukemia. They found
that the children with brain tumors had higher total prob-
lem scores, although less than 20% were rated in a clinical
range.

Many children with brain tumors require special educa-
tional services. Early studies (Kun and Mulhern 1983; Mulh-
ern and Kun and Mulhan 1985; LeBaron et al. 1988; Mulh-
ern et al. 1994; Radcliffe et al. 1996; Slavc et al. 1994) used
small numbers and documented figures from 22 to 60% re-
quiring these services. Recently, as part of the Childhood
Cancer Survivor Study, Mitby and colleagues (2003) sur-
veyed 12,430 survivors (at least 5 years) of childhood cancer
and 3,410 sibling controls for utilization of special educa-
tion services. Among this group were 1,637 brain tumor sur-
vivors. While the study showed elevated rates of special edu-
cation for all cancer survivors (23%), the rates for brain
tumor survivors was over 50%, nearly a sevenfold increase
versus siblings (8%). Seventy percent of those diagnosed be-
fore the age of 5 years required services. Radiotherapy, and
the combination of radiotherapy with intrathecal
methotrexate, elevated risk substantially. Females were more
vulnerable than males.

With respect to educational attainment, a number of
longterm studies have documented lesser achievement for
survivors of pediatric brain tumors. Earlier and smaller stud-
ies showed that most survivors graduate high school, al-
though at lower rates than expected (Hays et al. 1992; Lan-
nering et al. 1990; Mostow et al. 1991; Syndikus et al. 1994).
Kelaghan (1988) retrospectively interviewed 2,283 long-
term survivors (mean age of 33) of childhood cancer, 338 of
whom were survivors of brain tumors. While the cohort as a
whole graduated high school at the same rate as sibling con-
trols (86%), the brain tumor patients did so at a significantly
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lower rate (77%). They were also much less likely to enter
college. Survivors with supratentorial tumors and those re-
ceiving radiotherapy fared worse, although nonCNS tumor
patients who received radiotherapy did not differ from sib-
lings suggesting a dose effect. In the large study previously
cited, Mitby (2003) reported that 18% of 1,637 brain tumor
survivors did not graduate high school as compared with 9%
of sibling controls. Radiotherapy survivors had lower rates of
high school graduation, although this was not statistically
significant.

Employment and Marital Status

Based on longterm follow-up studies into adulthood, it ap-
pears that many pediatric brain tumor survivors have
deficits in these areas. Mostow and colleagues (1991) re-
viewed the quality of life in 342 cases of children who sur-
vived brain tumors a minimum of 5 years as compared
with 479 sibling control subjects. The children were 11
years of age at the time of diagnosis, and the mean age at
follow-up was 32 years. Fifteen percent of the brain tumor
group had never been employed (vs. 1% of the control
group). A majority of the men (56%) and 25% of the
women had never married (compared with 9% of the male
and 15% of the female sibling control subjects). Cranial ra-
diotherapy increased the risk of never having been em-
ployed (21%). Syndikus and colleagues (1994) reviewed
156 cases of children diagnosed with a variety of different
types of brain tumors at a mean age of just under 3 years.
Of the 26 individuals who reached adulthood, 16 (61.5%)
were able to work. Most were unable to live independently,
and only one was married. Lannering and colleagues
(1990) found that, compared with the control group sub-
jects, survivors had a lower rate of employment (66 vs.
80%) and of marriage (17 vs. 45%). Hays and colleagues
(1992) studied a large number of childhood cancer pa-
tients (mean age at follow-up was 33 years), of which 22
had had CNS tumors. Rates of employment and marriage
were lower in the survivors who had had brain tumors than
in those who had not had tumors affecting the CNS. As part
of the Childhood Cancer Survivor Study, more recently
Rauck and colleagues (1999) tracked over 10,000 child-
hood cancer survivors to a mean age of 26. Pediatric brain
tumor survivors accounted for 1,403 of these survivors.
Compared to the general population, rates of marriage
were slightly lower for all cancer survivors but were much
lower for the brain tumor survivors across the age span. In
their early 20s the rate is 50% that of the general popula-
tion. As survivors grow older, their rates slowly approach
the norm, but even over age 40 the rates are lower (77 vs.
88%). Interestingly divorce rates are lower until over age 40
when survivors’ rates surpass those of the general popula-
tion (27 vs. 18%). Like earlier studies, this study found that
the marriage deficit was larger for males than females.
Langeveld and colleagues (2003) tracked 500 Dutch
longterm survivors of childhood cancer. Results were com-

pared with a reference group of 1,092 persons with no can-
cer history. Substantially lower rates of employment and
marriage were found in the group as a whole, but particu-
larly for those with a history of CNS tumors. They were also
more likely to live with their parents.

Summary of Psychiatric and
Psychosocial Literature

As described, many of the studies cited have had significant
limitations (e.g., small numbers, large attrition, nonstan-
dardized instruments, lack of a clinical or psychiatric per-
spective, cross sectional and retrospective in nature, and so
forth) and are constructed so differently that it is difficult to
compare studies and pool data. Despite these limitations, we
can tentatively conclude the following regarding the psychi-
atric and psychosocial sequelae of pediatric brain tumors:

1. In the immediate aftermath, a large percentage of chil-
dren with brain tumors show elevated levels of distress,
but these levels appear to be no more than those for
children in the midst of other catastrophic illness. Post-
traumatic stress disorder may be a viable model for
understanding patient and family experiences.

2. In the intermediate run (3 to 5 years), although a sub-
stantial minority of children with brain tumors have
emotional or behavioral problems, the vast majority ap-
pear to be functioning adequately. In the longer term,
difficulties continue, although still the majority appears
to be without disorder. The majority of survivors have
diminished quality of life and often have cognitive and
emotional deficits; sensory, ambulation, self-care, neu-
rological, and motor impairments are also common.

3. In adulthood, 12 to 33% develop significant psycholog-
ical or emotional problems. Symptoms frequently men-
tioned are passivity, immaturity, withdrawal, shyness,
depression, and anxiety.

4. Although there is sporadic mention of psychiatric disor-
ders (rare cases of suicidal ideation Lannering et al. 1990;
Seaver et al. 1994; “psychotic symptomatology”, Kun et
al. 1983, ADHD, Mulhern et al. 1994), little is known
about rates or types of psychiatric disorder in the short or
longterm. These issues have not been systematically in-
vestigated, although it appears that longterm survivors
are at increased risk for psychiatric hospitalization.

5. While pediatric brain tumor survivors are not behavior
problems at school they frequently require special edu-
cation services. Need for these services is common, at
roughly 50% of pediatric brain tumor survivors.

6. Whereas the majority of childhood brain tumor sur-
vivors, as adults, are able to work, a significant minority
are unable to do so, and a larger number experience sub-
stantial interference at work as a result of associated neu-
rological, cognitive, emotional, sensory, and motor
deficits. There is a suggestion that many, as adults, are
unable to live independently, but this is less clear.
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7. It would appear that many survivors of childhood brain
tumors, especially men, do not marry.

8. Elevated risk for psychosocial difficulties may be associ-
ated with the extent of the tumor (Mulhern and Kun
1985), neuroendocrine abnormalities (Syndikus et al.
1994), male gender (Mostow et al. 1991), physical dis-
figurement (Mostow et al. 1991), and a greater time
from diagnosis to evaluation (Seaver et al. 1994). Al-
though exposure to cranial radiotherapy is associated
with significant decrements in cognitive functioning, it
is less clear that such exposure is associated with psy-
chosocial morbidity. Younger age at diagnosis and treat-
ment is associated with an increased psychosocial
morbidity in at least one study (Mostow et al. 1991), but
other studies found no correlation.

LONGTERM EFFECTS ON
NEUROPSYCHOLOGICAL FUNCTIONING

The neuropsychological functioning of pediatric brain tu-
mor patients has been the focus of more than 100 research
and ten review articles (Anderson et al. 2001; Dennis et al.
1996; Duffner et al. 1995, 2004; Gamis and Nesbit 1991;
Glauser and Packer 1991; Moore et al. 2005; Mulhern et al.
1983, 1992, 2003; Mulhern and Butler 2004; Mulhern,
Merchant et al. (2004); Ris and Noll 1994) in the past 15
years. Clearly, there is a deterioration of cognitive function
in longterm survivors of PBTs as suggested by these studies.
Numerous risk factors have been considered to explain this
decline and are discussed later in this section. The effects of
radiotherapy have been the most intensely studied. Because
much of the literature on the effects of radiotherapy has fo-
cused on patients with leukemia, we include this topic in
the following discussion.

Overall Functioning

The impact of CNS therapy on the IQ of children with
leukemia and brain tumors has been extensively studied
since the mid-1970s. Most of the early research focused on
those children with leukemia who did not have meningeal
disease so that the effects of therapy could be assessed in
otherwise neurologically intact children. Rowland and col-
leagues (1984) evaluated 106 children with acute lym-
phoblastic leukemia. The three treatment arms for CNS
prophylaxis were (1) cranial radiotherapy, (2) intravenous
plus intrathecal methotrexate, or (3) intrathecal methotrex-
ate. Detailed neuropsychological testing revealed in this
study, as well as in others, that children who had received
radiation had significantly lower scores on both IQ tests
and the Wide Range Achievement Test than did children
who had not received radiation. Distractibility and mem-
ory deficits have also been identified in children with acute
lymphoblastic leukemia who received radiation, particu-
larly those treated in the first decade of life (Goff et al.

1980). Others have found that children who received radi-
ation for leukemia have significantly worse IQ scores com-
pared with their siblings, whereas children who did not
receive radiation tend to score approximately the same as
do sibling control subjects (Moss et al. 1981). Thus, al-
though, superficially, many children who received radia-
tion for acute lymphoblastic leukemia seem to function
well in regular classes, more detailed evaluations reveal sig-
nificant areas of weakness in intellectual function. The
reader is referred to the review by Moleski (2000). Because
of the consistency of these findings standard treatment of
children with acute lymphoblastic leukemia without CNS
disease no longer includes cranial radiotherapy. Instead
they are treated with chemotherapy prophylaxis achieving
similar survival rates. Although these chemical agents are
not benign, it appears that they have less neurocognitive
toxicity than cranial radiotherapy. In contrast, radiation re-
mains an integral part of the treatment of children with
brain tumors. Evaluating the effects of CNS treatment is
much more difficult in children with brain tumors, because
surgery, the presence of hydrocephalus, the neurological
deficits caused by the tumor, the effects of chemotherapy,
and associated seizure disorders and anticonvulsant ther-
apy complicate interpretation of the results. In an attempt
to focus on as homogeneous a group as possible, several
investigators retrospectively evaluated children with poste-
rior fossa tumors. It was found that 30 to 50% of the chil-
dren who had received postoperative radiation (with or
without chemotherapy) had IQs below 70 and that ap-
proximately 10 to 20% had IQs above 90 (Duffner et al.
1983; Hirsch et al. 1979; Raimondi and Tomita 1979). In
our study of ten children with posterior fossa tumors, 50%
of the patients had IQs below 80, and only 20% had
IQs above 100. Of perhaps more concern, in the four chil-
dren who had had intelligence testing in school prior to
the diagnosis and treatment of the tumor, declines in IQ
of at least 25 points were found following therapy. Even
those children with IQs in the normal range required spe-
cial educational help because of learning disabilities and
attentional problems (Duffner).

Prospective analyses have produced somewhat differ-
ent results than did the earlier studies. Carpentieri (2003)
studied 106 mixed tumor patients at a mean age of 9.5
years, following surgery but before CRT. They found that
in this window the group did show cognitive deteriora-
tion, especially on performance IQ subtests, reflecting
slowed motor output, poor visuo-spatial processing, and
decreased verbal memory. Interestingly the FS IQ was 105,
VIQ 107, while PIQ 99. Although baseline testing was not
available, this study suggests that cognitive changes occur
prior to CRT but they appear to be mild. Beebe (2005)
prospectively evaluated 103 children with cerebellar astro-
cytomas who received surgery only. Three months post-
operatively the group showed a 4-point loss on FS IQ
scores, suggesting that even without radiotherapy there is
risk. In an early, longer follow-up study, Hoppe-Hirsch
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and colleagues (1990) sequentially evaluated children
with medulloblastoma at both 5 and 10 years posttreat-
ment. Five years following treatment 58% of the 120 chil-
dren had IQs above 80, whereas 10 years after treatment
only 15% had IQs above 80. In a smaller, long term fol-
lowup study, Maddrey evaluated 16 10-year survivors of
medulloblastoma. All had received radiotherapy and 60%
chemotherapy. At age 22 the mean estimated IQ was 75.
Thus, the changes associated with CNS therapy appear to
be progressive over a period of at least 10 years after treat-
ment. These findings were confirmed in more recent stud-
ies (Ris et al. 2001; Palmer et al. 2001, 2003; Spiegler,
2004) that found that FSIQ decreased 2 to 4 points per
year and that the declines continued for a number of
years. In the long term, total decreases were typically in
the 15- to 20-point range; 10 to 20% tested in a mentally
retarded range. Interestingly these studies did not find
discrepancies between verbal and performance IQ scores.

In summary, the CNS treatment for both leukemia and
brain tumors is associated with progressive decline in gen-
eral intellectual function as well as learning abilities. On
average, patients lose the equivalent of, roughly, 10 to 20
FSIQ points, although many suffer little or no loss (espe-
cially older children and adolescents who did not receive
radiation), and some suffer catastrophic deterioration.
Rates of mental retardation appear to be in the 10 to 20%
range, although some older studies showed higher rates
especially with longer follow-up.

Risk Factors for Cognitive Loss

Much of the research in the past several years has focused on
risk factors for treatment-induced cognitive decline. Risk
factors identified in children with leukemia include having
received radiotherapy, early age at diagnosis (particularly
age under 4 years), presence of CNS leukemia at diagnosis,
and at least one CNS relapse (Meadows et al. 1981; Picard
and Rourke 1995). Children with meningeal disease are at
particular risk because they tend to have an increased num-
ber of radiation courses and a higher incidence of epilepsy,
and are most prone to develop leukoencephalopathy, all of
which are potent risk factors (Longeway et al. 1990).

Children with brain tumors have also been studied in an
effort to identify risk factors, with the ultimate goal of mod-
ifying treatment. Studies of risk factors in pediatric brain
tumor patients are summarized in Table 26.3.

In the pediatric brain tumor population, the most im-
portant risk factor for treatment-induced decline is exposure
to radiation, especially at young ages. Although the “safe”
age to radiate the brain has not been determined, children
younger than 3 to 5 years of age appear to suffer the brunt
of intellectual deterioration following CNS therapy. Mulh-
ern and colleagues (1989a) showed that babies with brain
tumors may be developmentally delayed even before they
receive radiation. They found that at baseline, prior to either
radiation or chemotherapy, fewer than 25% had develop-

mental quotients within the normal range! More recent
studies (Ris et al. 2001; Reimers et al. 2003) have further
confirmed the risk of young age at irradiation. In a large,
population-based study, Reimers and colleagues (2003)
studied a consecutive sample of 133 irradiated PBT sur-
vivors. Performing multivariate statistical analysis, they
identified that radiotherapy exposure was by far the biggest
risk factor (FS IQ mean for the nonirradiated group was 97;
the irradiated group scored 79). Younger age at diagnosis
was also a significant risk. They found that the amount of ra-
diation had a significant effect on performance, but not FS
or verbal IQ.

In an effort to clarify whether lower dose irradiation
lowers the neurocognitive risk, Mulhern and colleagues
(1998) studied a small sample of medulloblastoma sur-
vivors assigned to either standard or reduced dose CRT. Al-
though they estimated that the reduced dose CRT group
scored 10 to 15 points higher on FS IQ the number of sub-
jects was quite small. Ris and colleagues (2001) studied a
slightly larger group of similar patients, who all received re-
duced dose CRT, and found that their FS IQ dropped 4.3
points per year and continued to drop throughout the
study period (4 years). Although there was no control
group, it was thought that this represented less of a decre-
ment than the 8 points per year loss estimated for standard
dose radiotherapy (Silber et al. 1992). Grill and colleagues
(1999) followed 31 pediatric brain tumor survivors ex-
posed to varying amounts of irradiation and also found
that higher exposure was a significant risk factor. On the
other hand Mulhern (2005) prospectively reported on 38
children with medulloblastoma and found that those who
received low dose radiotherapy did not appear to score bet-
ter on a WISC than those who received standard dose.
Thus, although some data supports the benefits of reduced
dose radiotherapy, other studies have confirmed that lower
dose irradiation in the absence of chemotherapy is associ-
ated with worse survival rates (Thomas et al. 2000) and
therefore is less of an option than had been hoped.

The volume of radiation also appears to be a major risk
factor. Thus, the child treated with whole-brain radiation is
more at risk than the child who receives either local or no
radiation. Of interest, in Ellenberg and colleagues’ (1987)
study, only those children who had whole-brain radiation
had a decline in IQ, whereas those children who had either
local or no radiation had no deterioration. Findings from
the studies of Kun and Mulhern (1983), Danoff and col-
leagues (1982), and Grill and colleagues (1999) support
the conclusions that wider exposure (i.e., whole brain or
craniospinal irradiation) leads to worse outcomes.

Another risk factor is the location of the tumor. Children
whose tumors are located in the supratentorial region have
intellectual difficulties more often than those whose tumors
are located in the posterior fossa (Ellenberg et al. 1987).
There is contradictory evidence as to whether children with
midline tumors are also at increased risk. In one study, pa-
tients whose tumors involved the hypothalamus were 2.5
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TABLE 26.3
RISK FACTORS FOR COGNITIVE DEFICIT IN PATIENTS WITH PEDIATRIC BRAIN TUMORS

Association With Adverse Outcome

Risk Factor Yes No

Patient Characteristics

Younger age at diagnosis Chapman et al. 1995, Danoff et al. 1982; Duffner Grill et al. 1999; Kun and Mulhern 1983;
et al. 1988; Ellenberg et al. 1987; Garcia-Perez Mulhern et al. 1994; Syndikus et al. 1994
et al. 1993; Ilveskoski et al. 1996; Maddrey 2005; 
Moore et al. 1992; Mulhern and Kun 1985; 
Mulhern et al. 1988, 1989a; Mulhern 2005; 
Packer et al. 1987; Radcliffe et al. 1992;
Ris et al. 2001; Seaver et al. 1994; Silverman
et al. 1984; Spunberg et al. 1981

Gender Mulhern and Kun 1985; Ris et al. 2001 Kao et al. 1994; Jannoun and Bloom 1990;
Reimers et al. 2003; Silber et al. 1992

Pretreatment Characteristics

Location of tumor Clopper et al. 1977; Danoff et al. 1982; Dennis Carpentieri et al. 2003; Jannoun and
et al. 1991a, 1991b, 1992; Ellenberg et al. 1987; Bloom 1990; Mulhern and Kun 1985;
Hirsch et al. 1979; Reimers et al. 2003; Slavc Radcliffe et al. 1994; Syndikus et al.
et al. 1994 1994

Extent/stage —— Kao et al. 1994; Radcliffe et al. 1992
Hydrocephalus Bamford et al. 1976; Bloom et al. 1969; Reimers Danoff et al. 1982; Ellenberg et al. 1987;

et al. 2003 Jannoun and Bloom 1990; Kao et al.
1994; Kun and Mulhern 1983; Mulhern
and Kun 1985; Silber et al. 1992

Treatment Characteristics

Extent of resection Packer et al. 1987 Cavazzuti et al. 1983; Ellenberg et al.
1987; Mulhern et al. 1994; Syndikus
et al. 1994

Radiotherapy (RT) Dennis et al. 1992; Duffner et al. 1983, 1988; Bloom et al. 1969; Bordeaux et al. 1988;
Ellenberg et al. 1987; Garcia-Perez et al. 1994; Cavazzuti et al. 1983; LeBaron et al.
Grill et al. 1999; Hirsch et al. 1979; Jannoun and 1988; Mulhern et al. 1994
Bloom 1990; Kun and Mulhern 1983; Lannering
et al. 1990; Moore et al. 1992; Mulhern et al.
1989a; Packer et al. 1989; Reimers et al. 2003;
Riva et al. 1989; Silber et al. 1992; Silverman
et al. 1984; Spunberg et al. 1981

Whole-brain RT Ellenberg et al. 1987; Kun and Mulhern 1983 Jannoun and Bloom 1990; Mulhern and
Kun 1985; Syndikus et al. 1994

Restricted field RT —— Danoff et al. 1982; Ellenberg et al. 1987
Dose of RT Goldwein et al. 1993; Grill et al. 1999; Ilveskoski Danoff et al. 1982; Kao et al. 1994;

et al. 1996; Mulhern et al. 1998; Palmer et al. Spunberg et al. 1981; Syndikus et al.
2001; Ris et al. 2001; Silber et al. 1992 1994

Age at RT Dennis et al. 1992; Ellenberg et al. 1987; Grill et al. —
1999; Jannoun and Bloom 1990; Lannering et al.
1990; Moore et al. 1992; Mulhern et al. 1998;
Palmer et al. 2001; Silber et al. 1992

Chemotherapy (CMT) Duffner et al. 1988, Grill et al. 1999, Mulhern et al. Ellenberg et al. 1987; Kao et al. 1994;
1989a, Riva et al. 1989 Packer et al. 1989; Radcliffe et al. 1994;

Reimers et al. 2003
RT plus CMT Duffner et al. 1983, 1988 Syndikus et al. 1994

Post-treatment Characteristics

Perioperative complications Chapman et al. 1995; Ilveskoski et al. 1996; Kao Ellenberg et al. 1987; Radcliffe et al. 1994
et al. 1994; Maddrey 2005; Mulhern et al. 1988, 
1994; Packer et al. 1987; Silber et al. 1992

Seizures Mulhern et al. 1988; Syndikus et al. 1994 ——
Tumor recurrence Mulhern et al. 1988 Cavazzuti et al. 1983
Sensory–motor impairment Mulhern and Kun 1985 Cavazzuti et al. 1983
Long interval after treatment Duffner et al. 1988; Ellenberg et al. 1987; Cavazzuti et al. 1983; Kun and Mulhern 

Hoppe-Hirsch et al. 1990; Maddrey 2005; Moore 1983a; Radcliffe et al. 1992
et al. 1992; Mulhern and Kun 1985; Mulhern 
et al. 1989a; Packer et al. 1989
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times more likely to have a lower IQ than were those whose
tumors did not involve the hypothalamus (Jannoun and
Bloom 1990). In contrast, Ellenberg and colleagues (1987)
did not find that children with third-ventricle tumors had
significantly lower IQs compared with children whose tu-
mors were either supratentorial or infratentorial in location.
Children whose tumors were in the anterior third ventricle
seemed to have the most impairment. Reimers and col-
leagues (2003), on the other hand, found that those with
third-ventricle tumors scored higher than survivors with ei-
ther supratentorial or infratentorial tumors.

Although one of the putative risk factors for intellectual
impairment was believed to be hydrocephalus, it has been
shown by several investigators that hydrocephalus does not
have an adverse impact on intelligence. Hirsch and col-
leagues (1979) compared the IQs of children treated for
cerebellar astrocytomas with those of children treated for
medulloblastomas. The children with cerebellar astrocy-
tomas received surgery alone, whereas the children with
medulloblastomas received postoperative radiation and
chemotherapy. Children with medulloblastomas were
found to have more intellectual impairment than did those
with cerebellar astrocytomas: 62% of children with cere-
bellar astrocytomas, but only 11% of the children with
medulloblastomas, had IQs above 90. Since both groups of
patients had posterior fossa tumors associated with ob-
structive hydrocephalus, Hirsch and colleagues concluded
that it was the postoperative treatment rather than either
the posterior fossa location or the hydrocephalus that pro-
duced the learning difficulties. A number of other studies
failed to confirm a link, although two studies (Parker 1987;
Reimers et al. 2003) have supported an association be-
tween hydrocephalus with shunt and lower IQ.

Another important risk factor in children with brain
tumors is perioperative morbidity. Although the degree 
of surgical resection does not appear to influence intelli-
gence directly, children with posterior fossa syndrome and
other perioperative complications tend to have much more
severe neurological and intellectual sequelae (Kao et al.
1994).

Although chemotherapy is not generally considered
to adversely influence intelligence, the development of
methotrexate-induced leukoencephalopathy is associated
with dementia and other neurological complications. The
diagnosis of methotrexate (MTX) leukoencephalopathy was
first made in children irradiated for leukemia who had also
been treated with intrathecal methotrexate. CT scans of 53%
of those children revealed calcification in the basal ganglia,
hypodense areas, and widened subarachnoid spaces. This
finding was termed methotrexate leukoencephalopathy
(Peylan-Ramu et al. 1978). The abnormality appeared to de-
velop primarily in those children with leukemia treated with
MTX who had received radiation as part of CNS prophylaxis
or those who had leptomeningeal disease. In contrast, the
child who did not have CNS leukemia and had been treated
with MTX but without radiotherapy did not seem to be at

significant risk (Ochs et al. 1980). As higher and more fre-
quent doses of MTX have been utilized, increasing concern
has developed about the effects of MTX. A Pediatric Oncol-
ogy Group (Mahoney 1998) study of children with acute
lymphoblastic leukemia who did not receive radiotherapy
nor have CNS leukemia demonstrated a high incidence of
acute neurotoxicity and abnormal neuroimaging findings.

MTX has also been used in the treatment of children with
brain tumors. When this agent was used via the intraven-
tricular route in patients with obstructive hydrocephalus,
profound necrotizing leukoencephalopathy occurred. Even
in the absence of such a catastrophic complication, MTX
leukoencephalopathy may develop in children with brain
tumors treated with intrathecal MTX and radiation.

Another important influence on neuropsychological
functioning is the presence of seizures and the use of anti-
convulsants. Long interval after treatment (i.e., lengthier
follow-up) has generally been associated with increased
cognitive deficits. This association has usually been at-
tributed to a latency in the full effect of radiotherapy. Other
factors, such as gender effects, tumor recurrence, and sen-
sory/motor impairment, have been less well investigated,
and their importance is unclear.

In summary, the patients at greatest risk for neuropsy-
chological complications appear to be those who receive
radiation (especially higher dose and larger volume), are
younger at the time of treatment, receive concomitant
intrathecal MTX, and have seizures.

Mechanisms of damage and specific deficits

A number of studies have documented white matter ab-
normalities and demyelination as a result of CNS irradia-
tion (Steen et al. 2001; Reddick 2003). It is thought that
these findings result from damage to oligodendrocytes,
with consequent axonal demyelination, or microvascular
damage to endothelial cells, which compromises the
blood-brain barrier. This leukoencephalopathy appears to
occur subsequent to both cranial radiotherapy and CNS
chemotherapy exposure, although more so to the former.
These changes have, in turn, been associated with IQ loss.

The specific types of neuropsychological deficits associ-
ated with brain tumors have been studied, although a
clearly defined composite has not emerged. This should
not be surprising given the widely varying locations of tu-
mors. Nevertheless, a number of studies suggest that the
greatest difficulties are in attention, memory, sequential
processing, processing speed, and visuospatial/perceptual
organization. Mathematics skills are frequently mentioned
as problematic, as are performance subtests on the WISC
(or an equivalent test), although many studies show no
difference between verbal and performance subtests (Ris
et al. 2001; Palmer et al. 2001). Palmer (2001) has sug-
gested that the IQ deficits result from a difficulty in
assimilating new knowledge as opposed to a loss of
acquired information.
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Treatment of Neurocognitive Deficits

Few studies have addressed treatment of the neurocognitive
deficits associated with pediatric brain tumors, although
Butler (2005) recently reviewed this area. Both pharmaco-
logic and educational interventions for the cognitive deficits
associated with pediatric brain tumors have been reported.
One uncontrolled trial of methylphenidate (DeLong 1992)
yielded promising results, while another (Torres 1996) was
negative. Recently Thompson (2001) reported a random-
ized, double-blind, placebo-controlled study of 32 pediatric
cancer survivors (acute lymphoblastic leukemia and pedi-
atric brain tumors). During this one-day laboratory study,
subjects receiving methylphenidate showed significantly
greater improvement on the continuous performance test.
Mulhern (2004) extended this investigation to a 3-week
placebo-controlled, double-blind trial of low and moderate
dose methylphenidate in 83 long term survivors of acute
lymphoblastic leukemia and pediatric brain tumors with at-
tentional and academic deficits. Modest but significant im-
provement was seen in the treated group, although higher
dose conferred no advantage. Other investigators have
taken a cognitive remediation approach. A seven-member
consortium group is currently investigating the efficacy of
using a 20 session cognitive rehabilitation program in pedi-
atric brain tumor and acute lymphoblastic leukemia sur-
vivors (Butler 2002).

SUMMARY

Brain tumors are the second most common malignancy, and
the most common solid malignancy, in the pediatric popu-
lation. Because of improved treatments, survival rates have
improved substantially in the past 30 years, and as a conse-
quence the population of longterm survivors has grown. The
child and adolescent psychiatrist faces two issues in this pop-
ulation. One is diagnosis and its potential for neuropsychi-
atric presentation. The other is the need for comprehensive
treatment frequently required by long-term survivors, who
often have psychological, cognitive, and academic difficulties
as well as endocrinological and neurological complications.

Although a wide range of psychopathology has been re-
ported as part of the presentation of brain tumors, it is rare
to see solely neuropsychiatric signs without neurological
signs and/or symptoms. This underscores the importance
of the medical history and physical examination in the
evaluation of all children and adolescents with significant
neuropsychiatric disorders. Neuroimaging should be re-
served for selected child and adolescent neuropsychiatric
patients.

Although there are few data on neuropsychiatric disor-
ders in survivors, there is a literature on the psychosocial
functioning of these patients. As their lives unfold, most
appear to be functioning adequately, although not at their
premorbid level. Often they are described as immature,

shy, lacking confidence, withdrawn, depressive, and
anxious. Although most appear physically normal, many
have noticeable neurological impairment, have hearing or
visual problems, and are shorter than age mates.

Cognitively, most children with brain tumors function
in a normal range, although IQs are low average, which
represents a decrement from premorbid functioning.
Wechsler Full Scale IQs in these children as a group proba-
bly drop 10 to 20 points on average. Attention and mem-
ory functions appear to be especially vulnerable and are
associated with white matter changes. Older children and
those not requiring radiotherapy appear to suffer substan-
tially less in this regard. Younger age and exposure to ra-
diotherapy appear to be the major risk factors for serious
loss of cognitive abilities. Of the group of children with
brain tumors who become mentally retarded (10 to 20%),
most were diagnosed at young ages and had received or
were receiving radiotherapy. Most child survivors require
special educational services and/or have had to repeat
grades because of cognitive loss and extended absences
from school.

Little is known about the effects on families and levels
of family functioning, although PTSD may be a useful con-
ceptual frame for understanding their experiences and
needs. As adults, most survivors of pediatric brain tumors
are employed in some capacity and are able to drive. Limi-
tations commonly require that these individuals receive as-
sistance to support work and independent living. They
marry, although at much lower rates than in the general
population.

In the future, increasing numbers of survivors of pedi-
atric brain tumors can be expected. Child and adolescent
psychiatrists can be valuable members of the multidisci-
plinary teams needed to care for these patients. Although
narrowly defined neuropsychiatric needs are not well de-
lineated, currently psychiatrists are uniquely able to inte-
grate neurological, psychosocial, cognitive, and psychiatric
approaches and perspectives.
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Since the first edition of this text, there have been impor-
tant advances in our knowledge of pediatric psychophar-
macology. Since the mid-1990s, our understanding and ap-
preciation of both the neurobiological underpinnings of
childhood psychiatric disorders as well as neuropsycho-
pharmacology have increased (1), the randomized con-
trolled trials literature has continued to expand, novel
agents have come to market, and, in support of pediatric
pharmacology research, the president signed the Pediatric
Research Equity Act into law on December 3, 2003. This
law codifies the protections of the 1998 Pediatric Rule, a
Food and Drug Administration (FDA) regulation requiring
drug manufacturers to test their products for use in chil-
dren, which provided incentives to industry to study inves-
tigational new drugs (INDs) in children, gave an impetus to
the field, and doubled the evidence base for pediatric psy-
chopharmacology. While enactment of this legislation sup-
ports the continuation of pediatric clinical psychopharma-
cology trials, industry as well as federal and other efforts are
needed to bridge the large gaps in our knowledge of pedi-
atric psychopharmacology. Indeed, because of the ethical
and methodological difficulties in conducting pharmaco-
logical research in minors (2), many new medications are
used “off-label” after being studied and approved in adults
only.

Psychopharmacology may be divided into two broad
domains: pharmacokinetics, which refers to the actions of
the body upon the drug, and pharmacodynamics, which
refers to the actions of the drug on the body at its target
site(s). It is now understood that children are not simply
small adults and that treatment practices used for adults
may not translate well into safe or effective treatments for
children. Changes with age in both pharmacokinetic and
pharmacodynamic parameters may lead to differences in

clinical response and adverse effect profiles in children ver-
sus adults (2). A number of relevant physiological changes
occur during growth and development (3). For example,
height and weight increase markedly during childhood and
adolescence (4). The proportion of total body water and ex-
tracellular water decreases from birth, reaching adult values
by 12 years of age (5). The percentage of body fat doubles
through infancy and then decreases with an increase in lean
body mass during early childhood (2), which increases
again in later life.

PHARMACOKINETICS

Pharmacokinetics refers to the body’s actions on a drug.
Unique properties of the drug such as pH, fat solubility,
protein binding, and molecular weight will affect its
absorption from the gastrointestinal (GI) tract or else-
where, its distribution (especially in the brain), and its
metabolism and eventual excretion (4). Compared with
adults, children have more rapid metabolism and excre-
tion of many drugs due to a greater relative liver mass and
greater renal clearance. Such factors may produce shorter
half-lives of drugs compared with adults, necessitating
more frequent dosing schedules to yield steady plasma
levels and avoid withdrawal effects. Pharmacokinetic dif-
ferences between children and adults lessen by late
puberty.

Absorption

Although studies examining differences in drug absorp-
tion among children, adolescents, and adults are limited,
gastrointestinal absorption rates are generally faster in
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children compared with adults (6). Since younger chil-
dren have decreased gastric acidity (higher pH), weak
bases are preferentially absorbed and weak acids more
slowly absorbed (5). By adolescence, gastric pH and emp-
tying time are similar to adults. Disturbances in bowel
flora, from the frequent use of antibiotics, for example,
may lead to changes in intestinal motility and bile acid
function in ways not yet studied. The effect of probiotic
supplementation on drug absorption, though popular, is
also unknown.

Distribution

Drug distribution is affected by several factors, including
extracellular water volume, serum albumin concentration,
and percentage of body fat (5). Children have a greater rel-
ative, but smaller absolute, extracellular water volume (vol-
ume of distribution) compared with adults. Since free drug
is distributed into the extracellular volume, the smaller ab-
solute volumes in children will lead to faster equilibration
and half-life and higher drug concentration compared to
the higher volumes of adults. Because many drugs are
highly protein bound, the variable serum albumin concen-
trations of children may lead to inter- and intraindividual
differences in the proportion of drug that is protein bound
and consequently the concentration of free and active drug
in plasma (5). Any condition that causes a reduction in
serum protein concentration, such as nephrotic syndrome,
will lead to decreased binding and increased free drug con-
centration and possible toxicity (4). Because obesity in chil-
dren has reached epidemic proportions in North America,
variability in proportion of body fat is an important factor
for drugs that are fat soluble. In addition to having better
blood-brain barrier penetration, fat-soluble drugs are
stored in fat and redistributed to plasma and brain over
time. Morbidly obese subjects may require higher doses of
such drugs for these reasons.

For the purposes of psychopharmacology, the brain is
the target organ of interest, yet the in vivo study of drugs in
the brain is severely hampered by the difficulty of assaying
the drug at this site. New techniques in noninvasive imag-
ing, especially magnetic resonance spectroscopy may, how-
ever, permit repeated in vivo sampling of chemicals in the
brain at specific sites of interest and offer promise for sig-
nificant breakthroughs in psychopharmacology. While the
permeability of the blood-brain barrier is thought to be
compromised in children with neurological insult such as
perinatal ischemia, little is known about this important
property in children with more subtle developmental
disabilities.

Metabolism and Excretion

As noted earlier, children have greater relative liver volume
and weight-adjusted mass compared with adults as well as
more rapid kidney filtration that may lead to shorter drug

half-lives and the need for higher weight-based dosages (2,
7, 8). Of the four primary hepatic pathways for drug
metabolism, oxidation, reduction, hydrolysis, and conju-
gation(5), oxidative pathways appear to be more rapid in
children compared with adults (2). Further, changes in
binding capacity of cytochrome P450 enzymes (4) lead to
greater oxidation in males compared to females after pu-
berty. Drugs that are primarily excreted via the kidney (for
example, lithium) may have a shorter half-life in older chil-
dren compared with adults, although the clinical signifi-
cance of this finding is uncertain (7).

PHARMACODYNAMICS

The mechanism of a drug’s action at its target site, in this
case the nervous system, and the secondary and tertiary
events that lead to a drug’s desired activity are termed phar-
macodynamic actions. While the primary event is frequently
at the neuronal membrane such as a receptor or uptake site,
it may also be intracellular such as with the highly soluble
drug lithium. Secondary and tertiary cascades of effects
such as changes in energy metabolism or conformational
shape and permeability of ion channels ensue, leading
often to intranuclear effects that are translated via tran-
scription and protein synthesis leading to altered neuronal
function. We do not know how and whether age-related
developmental changes in these pharmacodynamic pro-
cesses occur and what effects in turn such changes have on
the expression of drug actions in humans. Childhood and
adolescence are characterized by rapid anatomic and func-
tional changes in the brain that persist into adulthood.
While animal data indicate developmental differences in
the ontogeny of both serotonergic and noradrenergic sys-
tems, which could affect response to psychotropics (9), hu-
man studies suggest more stability in serotonergic systems
but significant changes in both dopaminergic and nora-
drenergic systems over the course of development. For ex-
ample, striatal dopamine receptor density decreases rapidly
in the second decade of life. The spontaneous resolution of
many chronic tic disorders in adolescence may be a reflec-
tion of these changes. This decrease, however, continues
throughout life (10) and may result in decreased dopamin-
ergic activity (11) and an increased risk for Parkinson’s dis-
ease or depression in the elderly. In contrast, noradrenergic
activity increases after puberty (12, 13). This finding could
explain in part the differential efficacy of the tricyclic an-
tidepressants in adults compared with children.

Lastly, the serotonergic system is a phylogenetically an-
cient transmitter system that is developed during early fetal
life and appears relatively mature in humans at birth. It
may be for this reason that serotonergic drugs appear to af-
fect even young children, in contrast to noradrenergic
drugs. Serotonin synthesis in preschool children may even
reach a 200% increase over adult rates, until near school
age when it may drop to adult levels (14).
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Attention has focused on serotonin, dopamine, and
norepinephrine systems largely because it is these systems
that are targeted by our common armementarium of med-
ications. However, many other neurotransmitter systems
that are of interest and may yield important advances in
psychopharmacology have yet to be well studied, especially
developmentally. Examples include increased acetyl-
choline concentration in the cortex during adolescence
(theoretically leading to improved memory and retention)
and the important roles of glutamate and GABA (gamma-
aminobutyric acid) over time. Like looking for a lost coin
under a street lamp because that is where the light is to be
found, our knowledge of developmental changes in phar-
macodynamics, outside the halo provided by drugs that
serve as pharmacological probes, is extremely limited. It re-
mains unknown whether psychotropics administered to
youth can produce changes in the neuroanatomy or neuro-
physiology of the developing brain that persist after the
drug is discontinued; that is, whether permanent changes
occur (2). This issue is clearly of great concern as there is at
least some animal data suggesting that this is possible (15).

Compliance

The magnitude of noncompliance, that is, of not taking
medication as prescribed in pediatric medicine, is a clini-
cally significant issue in all populations and at all ages.
In youth with psychological and emotional disorders,
rates of noncompliance as a limiting factor in treatment
efficacy are likely to be even greater. Further, children
rarely self-administer, relying on parents to remember
and give medications (16). In traditional pediatric
settings, noncompliance rates are at least 50% (16). In ad-
dition, physicians do a poor job in assessing noncompli-
ance in their patients (17). As in most areas of medicine,
the therapeutic relationship is an essential element in
drug compliance, but adequate education (informed con-
sent), frequent supervision, simplified drug regimens, and
peer support can also be helpful (16).

Special Populations

Psychopharmacological agents may have radically different
effects in patients who are neurologically compromised
compared to nonneurologically impaired individuals. For
example, in patients with perinatal injuries leading to men-
tal retardation, seizures, or cerebral palsy, atypical and un-
expected responses may occur so that caution and vigilance
are necessary when introducing psychoactive medication
into this population. Clearly, a host of illnesses and patho-
physiology are represented in these children so that no gen-
eral rules may be generated for practitioners other than
“start low and go slow.”

Because neurologically compromised children are usu-
ally excluded from clinical studies and research protocols,
the existing literature provides little guidance on their

management. Existing data on drug characteristics and
treatment recommendations are therefore derived from
neurologically “healthy” subjects.

Drug Monitoring

Therapeutic drug monitoring in pediatric psychopharma-
cology has a limited role. First and most important, the cor-
relation between plasma levels and therapeutic effects are
often poor and unhelpful, providing no useful information
to the clinician. One example is monitoring stimulant
plasma levels in the treatment of the child with attention
deficit hyperactivity disorder (ADHD) where the correla-
tion between plasma and brain levels is poor and tremen-
dous intraindividual variability occurs. Therapeutic ranges
are guidelines only, frequently derived from adult dose
titration studies of efficacy and tolerability, and may not
apply closely to children. For drugs with a low margin of
safety or with potential serious adverse events (such as
lithium and the antiepileptic drugs), serum levels are
clearly important. By convention, drugs are measured at
their trough levels; that is, at the lowest plasma levels ob-
tained just prior to next dosing after steady state is
achieved, or about five half-lives.

For off-label dosing in youth, strategies based simply on
age, weight, or even body surface area and derived from
adult studies may not be correct (5, 8). Body surface area
calculations are feasible based on weight and height, but
routine measurement of these parameters among child psy-
chiatrists is still not widespread, and their use in clinical
settings is not practical because dose guidelines based on
body surface area are usually not provided. At a minimum,
however, practitioners should endeavor to obtain weight at
baseline and regular intervals, since weight-based dosing
provides at least some guidance. Ultimately, practitioners
must rely on a mix of the evidence-based medical literature
that is summarized in this chapter, practice guidelines
where available, expert clinical opinion, and individual
clinical experience.

AN EVIDENCE-BASED APPROACH

Treatment decisions are increasingly being made on
research-based evidence rather than on expert opinion or
clinical experience alone. In 1999, Congress directed the
Agency for Healthcare Research and Quality (AHRQ) to un-
dertake a systematic examination of approaches to assess
the strength of scientific evidence. Such systems allow eval-
uation of either individual articles or entire bodies of
research on a particular subject for use in making evidence-
based health care decisions and to provide some guidance
as to “best practices” in the field. Several generic systems
were identified that fully addressed key quality domains for
systematic reviews, randomized controlled trials (RCTs),
observational studies, and diagnostic test studies. For
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example, a description of the study population (including
inclusion and exclusion criteria), randomization, blinding,
interventions, outcomes (including “last observation car-
ried forward” data and description of dropouts), and statis-
tical analysis were key domains for RCTs. Of note, sources
of sponsorship or funding were considered key elements
for each type of study (e.g., industry sponsored). Systems
for grading the strength of a body of evidence, including
the quality, quantity, and consistency of studies, are also
included in this report (18). These methods have been ap-
plied to trials evaluating newer pharmacotherapies for de-
pression as well the treatment of ADHD, where 78 RCTs
were included.

A simpler quality rating system was devised by the Texas
Consensus Conference Panel on Medication Treatment of
Childhood Major Depressive Disorder. This widely imi-
tated system categorizes data into three levels: Level A data
consist of both child and adult randomized controlled clin-
ical trials, Level B data consist of open trials and retrospec-
tive analyses, and Level C data are based on case reports
and expert panel consensus as to recommended clinical
practices.

At its best, evidence-based medicine is the conscien-
tious, explicit, and judicious use of current best evidence in
making individual patient-care decisions. The practice of
evidence-based medicine means integrating individual
clinical expertise with the best available external evidence
from systematic research (18). Despite the obvious premise
of evidence-based medicine, the great variability by region
and discipline in current practice in child psychiatry argues
against the notion that it is already in widespread use. Fol-
lowing the lead from other disciplines, efforts have been
made to present an evidence-based approach in pediatric
psychiatry (19, 20). These authors concluded that “al-
though the number of evidence based treatments in child
psychiatry is growing, much of clinical practice remains
based on the adult literature and traditional models of
care” (19, p. 1388). In this chapter, we use an evidence-
based approach to clinical pediatric psychopharmacology
by attending to the quality of individual studies as well as
the strength of the entire body of evidence. Limitations in
such an approach abound and include the numerous ex-
clusion criteria used in clinical trials (especially industry
sponsored trials) that affect the representativeness of study
samples (21), high placebo response rates in child subjects,
frequent comorbidity in many if not all child psychiatric
disorders and lack of validity of current diagnostic nosol-
ogy in pediatric subjects.

Finally, in view of the great responsibility involved in
prescribing psychoactive agents to minors, diligence is
needed in disseminating evidence-based efficacy informa-
tion as well as accurate safety data to practicing clinicians.
A special section of the Journal of the American Academy of
Child and Adolescent Psychiatry dedicated to a review of
safety assessments in pediatric psychopharmacology found
inconsistency in safety ascertainment as a major limitation

in identifying drug-induced adverse events (22). In the fol-
lowing section of the edition, Vitiello et al. (2003) (23) de-
scribed methods for more rigorous, standardized drug
safety evaluation. Since we lack a well defined “standard of
care” for much of child psychopharmacology practice, the
dictum non nocere (“do no harm”) is especially relevant.

OVERVIEW OF PEDIATRIC
PSYCHOPHARMACOLOGY

In this chapter, we review the clinical pharmacology and
the psychotherapeutic use of psychotropics used to manage
and treat neuropsychiatric disorders in children and ado-
lescents. The primary agents used in pediatric psychophar-
macology, antidepressants, anxiolytics, mood stabilizers,
antipsychotics, and stimulants, will be discussed in sepa-
rate sections, integrating psychopharmacology and clinical
application. Pharmacokinetic and pharmacodynamic in-
formation relevant to each class is discussed, followed by
an evidence-based review of the supporting literature,
safety data, and, finally, guidelines regarding initiation and
maintenance of clinical treatment and monitoring. For
many common applications in pediatric psychopharma-
cology, there is a dearth of controlled data and limited FDA
approval in pediatric populations. As such, clinical use,
which covers a broad spectrum of juvenile psychiatric ill-
ness, is primarily “off-label” (see Table 27.1), creating a
dilemma for clinicians who, in good faith, seek to relieve
symptomatic distress in their young patients.

ANTIDEPRESSANTS

This section reviews the neuropsychopharmacology and the
psychotherapeutic use of antidepressants used to manage
and treat a variety of neuropsychiatric disorders in children
and adolescents, not just depression. Selective serotonin re-
uptake inhibitors (SSRIs) and mixed action agents, including
Nefazadone, Buproprion, Venlafaxine, Mirtazapine, and tri-
cyclic antidepressants (TCAs), will be reviewed separately.

SELECTIVE SEROTONIN REUPTAKE
INHIBITORS (SSRIs)

Neuropsychopharmacology

Although usually considered as a single homogeneous class
of agents, SSRI medications do differ in their pharmacology
and clinical application. The pharmacokinetics and phar-
macodynamics of SSRIs is briefly discussed here; more de-
tailed reviews of the neurotransmitter serotonin and the
pharmacology of SSRIs can be found elsewhere (24–27).
SSRIs available in the United States include citalopram
(Celexa), fluoxetine (Prozac), fluvoxamine (Luvox), parox-
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TABLE 27.1
COMMON MEDICATIONS USED IN PEDIATRIC PSYCHOPHARMACOLOGY RANKED BY LEVEL OF
SUPPORTING EVIDENCE

Level of FDA Approved
Trade Name Generic Name Support Indication Age (Years)

SSRIs

Celexa Citalopram A,B, C MDDA anxietyB OCDB PTSDB impulse control N/A
disordersC

Luvox Fluvoxamine A, C OCDA anxietyA PTSDC �8
Paxil Paroxetine A, B, C MDDA OCDA panicB PTSDC impulse control N/A

disordersC

Prozac Fluoxetine A, B, C OCDA MDDA anxietyB panicB bulimiaB �7
PTSDC impulse control disordersC AnorexiaC

Zoloft Sertraline A, B, C OCDA MDDA� anxietyA PTSDC impulse �6
control disordersC EDC

Other Mood Medications

Wellbutrin Bupropion A, B ADHDA MDDB N/A
Remeron Mirtazapine B, C MDDB autismC N/A
Desyrel Trazodone B, C Sleep disturbancesB PTSDC N/A
Effexor Venlafaxine B MDD OCD autism N/A

Tricyclic Antidepressants

Elavil Amitriptyline C Severe MDDC N/A
Anafranil Clomipramine A, B, C OCDA PDDB MDDC �10
Norpramin Desipramine A, B, C TicsA ADHDA anxietyB MDDC N/A
Sinequan Doxepin A, C AnxietyA MDDC �12
Tofranil Imipramine A, B EnuresisA anxietyB ADHDB �6
Pamelor Nortritptyline B, C TicsB ADHDB severe MDDC N/A

Stimulant Medications

Adderall Amphetamine A ADHD �3
Adderall XR Amphetamine A ADHD �6

(extended release)
Concerta Methylphenidate A ADHD �6
Cylert Pemoline A ADHD �6
Dexedrine Dextroamphetamine A ADHD �3
Dextrostat Dextroamphetamine A ADHD �3
Focalin Dexmethylphenidate A ADHD �6
Metadate ER Methylphenidate A ADHD �6
Metadate CD Methylphenidate A ADHD �6
Ritalin Methylphenidate A ADHD �6
Ritalin LA Methylphenidate A ADHD �6

Nonstimulant for ADHD 

Strattera Atomoxetine A ADHD �6

Antipsychotic Medications

Thorazine Chlorpromazine A Schizophrenia N/A
Clozaril Clozapine A Schizophrenia N/A
Haldol Haloperidol A Tics/Tourette’s, psychosis/schizophrenia �3
Loxitane Loxepine A� Schizophrenia N/A
Zyprexa Olanzapine B, C PsychosisB EDB autism/PDDB bipolar disorderC N/A
Orap Pimozide A Tourette’s syndrome �2
Seroquel Quetiapine A,� B, C Bipolar disordersA�C psychosisB autism/PDDB N/A
Risperdal Risperidone A, B, C Tourette’s syndromeA autismA severe  N/A

behavioral disturbanceA psychosis/
schizophrenia bipolar disorderC OCDC

Mellaril Thioridazine A Severe behavioral disturbance and �2
hyperactivity

Geodon Ziprasidone B Psychosis, autism/PDD N/A

(continued)

75191_ch27.qxd  10/5/05  22:34  Page 593



etine (Paxil), and sertraline (Zoloft). At this time only flu-
oxetine (depression and obsessive-compulsive disorder
[OCD]), fluvoxamine (OCD), and sertraline (OCD) are
FDA approved for use in children.

Pharmacokinetics

After ingestion, SSRIs are all well absorbed from the gut but
differ in their subsequent bioavailability, metabolism, de-
gree of protein binding, presence of metabolites, and elim-
ination (24, 28) (Table 27.2).

In general, recommended weight-adjusted doses of
SSRIs have been similar in children and adolescents com-
pared with adults. Although limited, some information
regarding the pharmacokinetic properties of the SSRIs in
children have emerged, including studies of sertraline
(29–32), fluoxetine (33), and paroxetine (34).

When normalized for body weight, pediatric pharma-
cokinetic studies have demonstrated many similarities
compared to adults, including interindividual pharmacoki-
netic variation. For example, Strauss et al. (2002) (35) con-
ducted a fluorine magnetic resonance spectroscopy study of
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TABLE 27.1
(continued)

Level of FDA Approved
Trade Name Generic Name Support Indication Age (Years)

Lithium

CibalithNAS Lithium citrate A,B Bipolar disorderA dysphoric Conduct disorderB �12
Eskalith Lithium carbonate A,B Bipolar disorderA dysphoric Conduct disorderB �12
Lithobid Lithium carbonate A,B Bipolar disorderA dysphoric Conduct disorderB �12

Antiepileptic Medications

Tegretol Carbamazepine A, B, C SeizuresA aggressionB bipolar disorderC �6
Depakote Divalproex Sodium A, B SeizuresA aggressionB bipolar disorderB �2
Neurontin Gabapentin C Mood anxiety N/A
Lamictal Lamotrigine C MDD bipolar disorder N/A
Trileptal Oxcarbazepine C Bipolar disorder N/A
Gabitril Tiagabine C Mood disorder N/A
Topamax Topiramate C Bipolar disorder weight control N/A

�Adolescents only.
N/A, Not approved for pediatric use; ADHD: Attention-deficit/hyperactivity disorder; ED: Eating disorder; OCD:
Obsessive-compulsive disorder; TS: Tourette’s disorder.
Level A data consist of pediatric randomized controlled clinical trials.
Level B data consist of open trials and retrospective analyses.
Level C data are based on case reports or panel consensus as to recommended current clinical practice.

TABLE 27.2
SSRI PHARMACOKINETIC PARAMETERS

Citalopram Fluoxetine Sertraline Paroxetine Fluvoxamine

Percentage protein bound 80 94 99 95 77
T-Max (hours) 3–4 6–8 6–8 2–8 2–8
Half-life hours(♦) 35 24–72*(120) 25 11*(20) 11*(15)
Half-life of active metabolite (days) N/A 7 2.5–4.5 N/A N/A
Linear kinetics Yes No Yes No No
Dose range (mg/d) 5–60 5–80 25–200 5–60 25–300
Absorption altered by fast or fed status No No Yes No No
GI absorption (%) �100 80 �44 �64 �94

* Single dose.
♦ Steady-state hours.
T-Max: Time to peak plasma level.
N/A: Not applicable.
Sources: Van Harten (1993) (610); Preskorn (1997) (611); data on file, Forest Laboratories; Preskorn (1993) (612).
Notations in parentheses indicate alternate metabolic pathways for the substrate listed.
Source: Adapted from Oesterheld and Shader (1998) (626).
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brain fluvoxamine and fluoxetine in pediatric pervasive de-
velopmental disorders and demonstrated that SSRI brain
concentrations were not different from adult subjects when
corrected for body mass. Enhanced metabolic activity may
occur, however, in part due to a greater liver-to-body mass
ratio in children (36). Findling et al. (1999) (34), for ex-
ample, demonstrated a T1/2 of 11 hours for paroxetine,
compared to twice that duration observed in adults.

Paroxetine, fluoxetine, and fluvoxamine have demon-
strated nonlinear kinetics in adults (24, 28), meaning that
clearance or half-life is a function of blood levels. This
effect is typically due to the drug’s inhibition of its own
clearance via inhibition of its enzymatic metabolism, lead-
ing to increased half-life with multiple dosing. In a phar-
macokinetic study of paroxetine in youth, Findling et al.
(1999) (34) reported a 6.9-fold increase in serum drug con-
centration following a dose increase from 10 to 20 mg. The
clinical relevance of this effect may also be seen in “discon-
tinuation syndromes” as blood levels fall and drug clear-
ance speeds up, leading to exponential decline. As such,
children taking SSRIs with a short half-life (14-hour) may
benefit from twice-a-day administration to avoid with-
drawal effects (37). Enteric-coated formulations may in
part modify these kinetic characteristics and enhance toler-
ability (38). Examples include paroxetine-controlled re-
lease (Paxil CR), which offers a reduction in absorption rate
compared to paroxetine (GlaxoSmithKline, Paxil prescrib-
ing information).

Fluoxetine and citalopram possess a chiral center that per-
mits existence of stereoisomeric forms of the molecule, and
they were originally marketed as racemic mixtures of enan-
tiomers with different kinetics and dynamics. While (R) and
(S) enantiomers of fluoxetine are similar in 5HT activity, (S)
fluoxetine is more potent in its p450 inhibition yet has a
more potent metabolite (28). Conversely, the newest mem-
ber of the SSRI class, Lexapro (approved by the FDA in Au-
gust 2002), the pure (S) isomer of citalopram, displays at
least 100-fold 5HT activity compared to the (R) isomer (For-
est Pharmaceuticals, Lexapro prescribing information).

Knowledge of SSRI metabolism is clinically useful, as it
relates to potential drug interactions and overall drug
safety. Although SSRI medications have fewer drug interac-
tions than their predecessors, drug interactions may occur,
primarily via the metabolic cytochrome p450 (CYP450)
system, such as CYP450 2D6.

Paroxetine and fluoxetine show the most potent CYP450
2D6 inhibition, followed by sertraline, fluvoxamine, and
citalopram (39). For paroxetine and fluoxetine, plasma con-
centrations and dosage have been shown to influence the
magnitude of enzyme inhibition (40). Awareness of CYP450
interactions must include clinically significant interactions
with herbals or supplements, such as St. John’s wort and un-
wanted pregnancy with concomitant birth control pills (41).
Increasingly, controlled studies are including pharmacoki-
netic sampling to assess the impact of CYP450 genetic poly-
morphisms on efficacy, safety, and tolerability, particularly

when CYP450-2D6 is the main enzymatic pathway, as 7% of
the Caucasian population is naturally deficient in this
enzyme. Other mechanisms of drug-drug interaction may
also include UDP-glucuronyltransferase inhibition, as
described in a case report of a citalopram interaction with
clomipramine (42) (Table 27.3).

Pharmacodynamics

Both the absolute potency of serotonergic uptake inhibi-
tion as well as their relative serotonin:norepinephrine up-
take inhibition ratio (selectivity) may be important in the
action of SSRIs, both of which are far greater than in the
predecessor tricyclic antidepressants (TCAs), with the ex-
ception of clomipramine. In general, the SSRIs have low
affinity for other receptors, such as adrenergic, cholinergic,
or histaminic sites. Table 27.4 displays in vitro potency of
serotonin uptake inhibition for the SSRIs.

Paroxetine and sertraline show the most potent absolute
5HT reuptake inhibition, while citalopram is most selective
(i.e., has the greatest 5HT/NE ratio) (43). With doses com-
monly used in adult controlled trials, such as 20 mg fluox-
etine and 50 mg sertraline, serotonin uptake inhibition has
been found to be in the range of 60 to 80% (24). The
transmission of synaptic serotonin increases with acute ad-
ministration of SSRI medications is likely due to reduced
sensitivity of 5HT (1A) inhibitory autoreceptors. Desensiti-
zation of 5-HT (1A) autoreceptors in the dorsal and me-
dian raphe may be due to changes at or distal to receptor-
G protein interaction (44). Over time, postsynaptic 5HT2
receptors are probably also down-regulated (45). While the
SSRIs are primarily serotonergic in their actions, ongoing
neuropharmacological studies have described paroxetine’s
marked NE transporter inhibition at doses �40 mg/day
(46) and sertraline’s potency at the dopamine reuptake
site (47).
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TABLE 27.3
CYP450 ISOENZYME INHIBITION BY SSRIs

CYP Isoenzymes (in vitro)

Drug 1A2 2C9 2C19 2D6 3A4

Citalopram � 0 0 0 0
Fluoxetine � �� �/�� ��� �/��

Norfluoxetine � �� �/�� ��� ��

Fluvoxamine ��� �� ��� � ��

Paroxetine � � � ��� �

Sertraline � � �/�� � �

The clinical significance of in vitro data is unknown. In vitro enzyme
inhibition data did not reveal an inhibitory effect of citalopram in
CYP3A4, and citalopram would be expected to have little inhibitory
effect on in vivo metabolism by this enzyme. 
0, minimal or no inhibition; �, mild; ��, moderate; ���, strong.
Source: From Greenblatt et al. (1993) (613); data on file, Forest
Laboratories.

75191_ch27.qxd  9/30/05  18:45  Page 595



Pharmacotherapy 

This discussion of SSRI pharmacotherapy is organized ac-
cording to primary clinical applications supported by con-
trolled trials, although for many common SSRI applications,
there is a dearth of controlled data. Despite widespread use,
SSRI medications are certainly not universally effective.

Randomized Controlled Trials 
(Level A) Evidence

Mood Disorders
Contrary to the adult mood disorder literature, the only
controlled evidence demonstrating efficacy in pediatric
unipolar depressive disorders is found in studies with SSRI
medications. Open-label studies suggest variable response
rates to SSRIs in children and adolescents with major de-
pressive disorder (MDD), yet higher than rates observed in
controlled studies (40 to 70%). Placebo response rates are
also high (30 to 60%) in controlled trials, indicating that
overall effect sizes are modest and that underpowered stud-
ies are unlikely to demonstrate statistically significant effi-
cacy (type 2 errors). There is no controlled evidence tar-
geted at pharmacological treatment of suicidality in
depressed youth (48–50) (Table 27.5).

Several RCTs have demonstrated efficacy of SSRIs for the
acute management of major depression. Emslie and col-
leagues demonstrated significant benefit, in both acute and
maintenance fluoxetine treatment, in children and adoles-
cents with depression (51–53). In addition, a multicenter
controlled trial of adolescent MDD sponsored by the Na-
tional Institute of Mental Health (NIMH) demonstrated ef-
ficacy of fluoxetine (10 to 40 mg/day) and fluoxetine plus
cognitive behavior therapy (CBT) compared to placebo
(49). Studies have demonstrated a 40 to 65% response rate
to 10 to 40 mg of fluoxetine daily, compared to a 20 to 50%
placebo response rate (depending on outcome variable). A

multivariate post-hoc analysis did not identify any vari-
ables that might predict a positive response to fluoxetine in
this study (54). Fluoxetine has been shown to be beneficial
for maintenance treatment in children and adolescents
with MDD (48), addressing the uncertainty regarding the
impact of SSRIs on recurrence of depressive episodes.

Paroxetine (mean daily dose, 28 mg) demonstrated
superiority over placebo (55) and comparability to the sero-
tonergic TCA clomipramine in one randomized multicenter
trial of adolescent major depression (56). Although in two
prior RCTs, paroxetine did not achieve significant superiority
over placebo (57), treatment response stratified by age
showed a significant difference in outcome, in that a greater
proportion of older youth (�16 years old) were responders
(www.gsk.com/media/paroxetine.htm). Combined con-
trolled and open trials with sertraline 25 to 200 mg daily have
demonstrated significant superiority across multiple mea-
sures in adolescents (58)and global improvement measures
in children (59) compared to placebo. One 8-week con-
trolled trial of citalopram in pediatric MDD demonstrated
significant superiority in change from baseline compared to
placebo (60), but a similar study from the UK did not (57).

The 1999 Report of the Texas Consensus Conference
Panel on Medication Treatment of Childhood Major De-
pressive Disorder recommended fluoxetine, sertraline, or
paroxetine as first-line agents (61). However, a more recent
review of the efficacy and safety of SSRI medications in pe-
diatric depression by the FDA led to the endorsement of
fluoxetine only (62). This FDA review followed concerns
regarding the safety and efficacy of SSRIs in pediatric pop-
ulations (see the “Safety” section, presented later).

Expert panels, including a task force convened by the
American College of Neuropsychopharmacology in re-
sponse to these concerns, identified several SSRIs (fluoxe-
tine, sertraline, paroxetine, and citalopram) as significantly
more effective than placebo in at least one controlled trial.
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TABLE 27.4
SRI INHIBITION OF [3H]-MONOAMINE UPTAKE INTO RAT BRAIN
SYNAPTOSOMES IN VITRO

Ki(nM)

Compound [3H]-5-HT [3H]-NE [3H]-DA NE/5HT

Paroxetine 1.1 350 2,000 318
Citalopram 1.8 8,800 �10,000 4,888
Fluvoxamine 6.2 1,100 �10,000 177
Sertraline 7.3 1,400 230 192
Clomipramine 7.4 96 9,100 13
Fluoxetine 25 500 4,200 20
Amitriptyline 87 79 4,300 0.9

Source: Relative values from a series of related trials from Boyer & Feighner (614–617).
5-HT, serotonin; NE, norepinephrine; DA, dopamine.
NE/5HT is a measure of serotonin selectivity.
Ki, inhibitory constant; nM, nanomolar.
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This panel did acknowledge that paroxetine and citalopram
have also registered negative findings (57). While the data
regarding SSRI use in youth are growing, clinicians face the
difficult task of interpreting the extant literature, particu-
larly when negative trials may not be presented in scientific
forums (file drawer effect), when drug trials use weak
methodology, when faced with high placebo response
rates, and when safety and tolerability are presented in a
limited manner (63–65) .

Anxiety Disorders
Extensive evidence from many randomized controlled trials
supports the efficacy of SSRIs in adults in virtually all of the
anxiety disorders including posttraumatic stress disorder
(PTSD). Similarly, but with a less strong evidence base, this
class of medications has also been shown to be effective in
placebo-controlled studies of pediatric anxiety, primarily in
obsessive-compulsive disorder and mixed anxiety cohorts.

Obsessive-Compulsive Disorder (OCD) 
Pediatric OCD pharmacotherapy has been studied more
than other anxiety disorders; multiple randomized
placebo-controlled studies (mostly industry sponsored)
have been conducted in cohorts of children and adoles-
cents with obsessive-compulsive disorder (66, 67). This
body of evidence, including more than 19 studies repre-
senting more than a thousand children and adolescents, in-
disputably supports the short- and medium-term efficacy
of serotonergic medications (74, 75), including fluoxetine
(68, 69), fluvoxamine (70), paroxetine (71–73), and ser-
traline (29, 74–77) (Table 27.6). Cumulatively, these data
constitute the highest level (Level 1) using AHRQ strength
of evidence criteria of quality, quantity, and consistency of
scientific studies. Five of these studies also report on the
longterm efficacy (�12 months) of the SSRIs for OCD in
youth showing continuing benefit from treatment without
any evidence of loss of efficacy. In fact, in a longterm study
reporting on a 12-month extension study of sertraline in
youth with OCD, Wagner et al. (2003) (78) found that 
Children’s Yale-Brown Obsessive Compulsive Scales (CY-
BOCS) scale scores continued to improve throughout the du-
ration of treatment. Overall responder rates, defined by
�25% reduction in the CY-BOCS, are around 50% and are
shown for each SSRI in Table 27.6.

In a meta-analysis of this literature, Geller et al. (2003)
(21) (Table 27.7) found that the pooled standardized
mean difference (SMD) for results of all studies was 0.46
(95% confidence intervals [CI] � 0.37�0.55), showing a
highly significant difference between drug and placebo
treatment (z � 9.87, p�0.001). Multivariate regression of
the drug effect controlled for other variables showed that
clomipramine was significantly superior to each of the SS-
RIs (chi-square � 16.49, df � 4, p � 0.002) but that the
other SSRIs were comparably effective.

As noted later, informed consent for the use of SSRIs for
OCD must include some discussion of the value of non-

pharmacological treatment, particularly CBT. A federally
funded pediatric OCD treatment study (POTS) compared
combined CBT and medication to either treatment alone
and found that combined treatment had an additive effect
on outcome with the greatest overall effect size (79). This
approach is likely to become the gold standard for OCD
treatment in the future (Table 27.8).

Mixed Anxiety Disorders
Randomized controlled studies have been conducted on
mixed samples of anxiety disorders, reflecting the frequent
comorbidity found within childhood anxiety disorders.
Following positive earlier open studies (80–82), the first
large, multicenter randomized controlled shortterm trial of
an SSRI in mixed pediatric anxiety demonstrated signifi-
cant improvements in the Pediatric Anxiety Rating Scale
(PARS) and Clinical Global Impression (CGI) in the ac-
tively treated group using fluvoxamine (maximum dose,
300 mg) compared to placebo (83). A further 6-month
open treatment extension in this sample demonstrated
continued improvement. More recently, Birmaher (2003)
(84) demonstrated the benefit of fluoxetine for the treat-
ment of the childhood anxiety disorders social phobia
(SP), separation anxiety disorder (SAD), and generalized
anxiety disorder (GAD). Only one controlled trial using
low-dose sertraline for treatment of pediatric generalized
anxiety disorder has been reported to date (85) (Tables
27.9 and 27.10).

Other Sanctioned Uses (Level B Evidence)

Eating Disorders
Despite anecdotal reports of positive outcomes, random-
ized controlled studies of fluoxetine have not demonstrated
efficacy in underweight adult anorexia nervosa (AN) inpa-
tients (86). However, it appears that SSRIs do have a place
in treatment of AN following weight restoration (and reple-
tion of neuronal 5HT stores), including treatment of 
associated depressive symptoms. In one small 12-month
controlled study, placebo-treated subjects with anorexia
nervosa showed a greater rate of relapse compared to flu-
oxetine-treated subjects (87). More recently, restrictor-type
pediatric-onset anorexia nervosa subjects showed reduc-
tion in obsessional thinking and improvement in depres-
sion scores with fluoxetine compared to placebo (63 
versus 16%) at 1-year follow-up (88). Case reports and
open trials document efficacy with other SSRI agents in
binge eating and purging disorders using sertraline and 
fluoxetine combined with psychotherapy. (89).

Other Anxiety Disorders
Open studies have shown efficacy of SSRIs in anxiety dis-
orders, including panic disorder (90), social phobia (91),
and selective mutism (92). Based on their efficacy for other
anxiety disorders, SSRIs are also commonly used in PTSD
both for core symptoms as well as comorbid conditions
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(93), and open-label trials have supported this practice
(94). SSRIs have been proven effective in the treatment of
adult PTSD in multiple controlled trials (95–97).

Pervasive Development Disorders/Autism
Only one controlled trial of fluvoxamine in children with
autism and pervasive development disorders (PDDs) has
been reported. This placebo-controlled 12-week trial of flu-
voxamine demonstrated only limited efficacy and poor tol-
erability (98). Only one child experienced improvement,
while 14 of 18 subjects randomized to fluvoxamine experi-
enced adverse effects, including insomnia, hyperactivity,
agitation, aggression, increased rituals, and anxiety.

Novel Uses (Level C Evidence)

Disruptive Behavior and Impulse Control Disorders
Open-label reports suggest benefit from treatment with
the SSRIs for a variety of disruptive and impulse control
symptoms including impulsive aggression (99, 100),
self-scratching, self-mutilation, trichotillomania, and
sexual behaviors (101–107). SSRIs may have utility in

addressing the comorbid symptoms frequently present
in children with oppositional defiant disorder (ODD)
and conduct disorder, including dysphoria and anxiety
symptoms.

Initiating and Maintenance of Medication
Standard informed consent with parents or guardians
and assent by the child or adolescent are the first steps 
in initiating medication. Informed consent includes, 
at a minimum, a discussion of potential risks and benefits
of the proposed treatment, common adverse effects, 
and alternatives to the proposed treatment (includ-
ing no treatment and nonpharmacological treatment). This
discussion should be documented in the medical record.
SSRI medication guides for families and clinicians are
now available from the FDA (www.fda.gov/cder/drug/
antidepressants/MG_template.pdf) and jointly from
the American Psychiatric Association and the American
Academy of Child and Adolescent Psychiatry (www.
aacap.org/Announcements/pdfs/parentsmedguide.pdf;
www.aacap.org/Announcements/pdfs/physicians-
medguide.pdf).

In the case of a patient with OCD, informed consent
should also include a discussion on the value and avail-
ability of cognitive behavioral treatments that are recom-
mended as first-line interventions by the American
Academy of Child and Adolescent Psychiatry for mild to
moderate OCD. The presence of comorbid depression,
more severe OCD, lack of intact family, or lack of
available skilled CBT therapists all argue for an earlier in-
troduction of medications. When initiating SSRI medica-
tions, several variables should be considered, including
age, body weight, pubertal status, neurological status, and
family history of drug response. The lowest available dose
should be used for initiating medication in children or
those with neurological insult or developmental delay,
while adolescents can begin with dosages intermediate to
those used in adult practice. Currently, there is no indica-
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TABLE 27.7
META-ANALYSIS OF EFFECT SIZES OF SSRIs IN
PEDIATRIC OCD

95% p value
Confidence versus 

SMD* Interval placebo

Paroxetine .405 .204–.606 p � .001
Fluoxetine .546 .353–.738 p � .001
Fluvoxamine .375 .167–.584 p � .001
Sertraline .327 .160–.493 p � .001
Clomipramine .693 .475–.910 p � .001

*SMD refers to standardized mean difference of CY-BOCS scalar
scores before and after treatment.
Source: Adapted from Geller et al. (2003) (21).

TABLE 27.8
RECOMMENDED DOSE RANGES FOR SSRIs IN PEDIATRIC OCD

Starting Dose (mg)
Typical Dose Range (mg)

Drug Preadolescent Adolescent (Mean Dose)*

Clomipramine** 6.25–25 25 50–200
Fluoxetine*** 2.5–10 10–20 10–80 (25)
Sertraline*** 12.5–25 25–50 50–200 (178)
Fluvoxamine** 12.5–25 25–50 50–300 (165)
Paroxetine**** 2.5–10 10 10–60 (32)
Citalopram*** 2.5–10 10–20 10–60

*Mean daily doses used in published controlled trials.
**Doses �25 mg/day may be administered by compounding 25 mg into 5 ml suspension.
***Oral concentrate commercially available.
****Oral suspension available.
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tion for baseline laboratory tests (hematological, thyroid,
hepatic or renal function tests) before and during the ad-
ministration of SSRIs (108). Titration schedules should be
conservative, with modest increases every 3 weeks or so to
allow for improvement to manifest before aggressively in-
creasing doses. An exception may be the treatment of in-
patients where more control and supervision is available.
Especially for treatment of anxiety disorders, patience is key
to successful outcomes, since it may take a full 12 weeks for
benefits to occur.

Common transient somatic side effects include gas-
trointestinal upset and headache. Parents should be aware
of possible behavioral activation as well as the possibility
of manic irritability, euphoria, and explosiveness in un-
usual and severe reactions, as discussed in the safety sec-
tion that follows. Severe mood dysregulation on SSRI
medications is not necessarily pathognomonic of under-
lying juvenile bipolar disorder. Clinical experience sug-
gests that children with PDD spectrum disorders may be

particularly sensitive to serotonergic agents. As such, low
dosage and slow titration is indicated in this population
as well.

Maintenance/Monitoring
National psychiatric associations (the American Psychiatric
Association [APA] and the American Academy of Child and
Adolescent Psychiatry [AACAP]) concur with the need for
close monitoring of children and adolescents on antide-
pressants. The FDA suggests monitoring to include weekly
face-to-face contact with patients, family members, or care-
givers during the first 4 weeks of treatment, then every
other week for the next 4 weeks, then at 12 weeks, and as
clinically indicated beyond 12 weeks, but this schedule is
more frequent than common current clinical practice and
may not be practical in all settings. The APA and AACAP
suggest individualized monitoring; clinicians and families
should watch for clinical worsening, agitation, irritability,
suicidality, insomnia, or any unusual change in behavior,
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TABLE 27.9
SUMMARY OF OPEN-LABEL SSRI TRIALS IN PEDIATRIC ANXIETY DISORDERS

Length of
Treatment Dose Range Age Range

Author (year) Drug Diagnosis N (Weeks) (mg/day) (Years) Results

Chavira & Stein Citalopram General social 12 12 10–40 8–17 83% improved;
(2002) (621) anxiety Mean: 35 42% very much on 

CGI
Compton et al. Sertraline Social phobia 14 8 Mean: 123 10–17 36% CGI responders

(2001) (91) Max: 200
Masi et al. Paroxetine Panic and other 18 2–24 10–40 7–16 83% CGI responders

(2001) (622) anxiety Mean: 24
diagnosis

Mancini et al. Nefazodone GAD, social 7 Up to 28 400 7–18 All responded with
(1999) (623) Paroxetine phobia w/ 50–80 functional

Sertraline anxiety or 175 improvements
MDD

Renaud et al. Fluoxetine Panic w/ 12 6–8 20–60 8–18 75% showed much
(1999) (90) Paroxetine comorbid follow-up: 20 or very much 

Sertraline MDD, anxiety 36 125 �/– improvement on
BZD CGI-I

Fairbanks et al. Fluoxetine GAD, SAD, 16 6–9 Max: 24 9–18 100% CGI responders; 
(1997) (81) multiple SAD and social

anxiety phobia had best
response

Dummit et al. Fluoxetine Selective 21 9 10–60 5–14 76% improved on 
(1996) (92) mutism CGI-I, with more 

speech in public
and at school; social
anxiety improved

Birmaher et al. Fluoxetine OAD, SAD, 21 40 10–60 Not 81% CGI responders
(1994) (80) social phobia Mean: 26 reported

Manassis & Fluoxetine SAD, avoidant, 5 6 10–20 Not 100% improved on 
Bradley mutism, OAD reported parent and
(1994) (82) self-reports

BZD, Benzodiazepine; CGI, Clinical Global Impressions Scale; GAD, Generalized anxiety disorder; MDD, Major
depressive disorder; OAD, Overanxious disorder; SAD, Separation anxiety disorder.
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especially during the initial few months of drug therapy
or at times of dose changes (www.fda.gov/cder/drug/
antidepressants/MG_template.pdf).

The limited study of blood plasma levels and clinical re-
sponse, primarily with fluoxetine, does not support routine
use of therapeutic drug monitoring (28). Some exceptions
may apply, for example, in combined pharmacotherapy or
in overdose situations. A study of citalopram presented in-
formation on plasma levels in a naturalistic treatment of
adolescents with depression (109). Multiple RCTs have not
found any clinically significant changes in laboratory pa-
rameters such as complete blood count with differential,
liver, renal, and thyroid function, or lipid and glucose
metabolism nor in electrocardiographic (ECG) parameters
(84), precluding the necessity for routine evaluation.

Optimal antidepressant maintenance therapy, discon-
tinuation, and therapy failure are still being studied in
adults with mood disorder (110, 111). Limited informa-
tion can be found for pediatric populations (112). AACAP
guidelines suggest continuing antidepressant treatment for

at least 6 to 12 months following clinical response, de-
pending on the patient’s clinical status, functioning, sup-
port systems, environmental stressors, motivation for 
treatment and compliance, and the presence of comorbid
disorders (108). In those with no response, treatment with
adequate and tolerable doses should continue for at least 4
to 6 weeks before considering other treatment options.
Overall, allowing sufficient time to achieve clinical re-
sponse is likely more important than aggressive titration,
due to a flatter dose response curve at higher doses (26).
These recommendations are generally consistent with the
adult literature. Certain factors, such as recurrent, frequent,
or severely disabling episodes, suggest the need for longer-
term maintenance treatment.

Gradual taper and discontinuation should be timed ap-
propriately, taking into account the impact of psychosocial
stressors on clinical condition, such as the beginning and
end of the school year. SSRI medications with short half-
lives, such as paroxetine, should be tapered more gradually
to avoid discontinuation effects (113, 114).
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TABLE 27.10
SUMMARY OF RANDOMIZED CONTROLLED TRIALS OF SSRIs IN PEDIATRIC ANXIETY DISORDERS

Length of
Treatment Dose Range Age Range

Author (Year) Drug Diagnosis N (Weeks) (mg/day) (Years) Results

Birmaher et al. Fluoxetine GAD, SAD, 74 12 10–20 7–17 61 versus 35%
(2003) (84) social showed much to

phobia very much
improvement on
CGI, p � 0.03; pts
with SOC and GAD
showed better
response for med than
placebo; severity of
anxiety at baseline
and positive family
history predicted 
poorer response

Rynn et al. Sertraline GAD 22 9 Up to 50 5–17 90% CGI improvement
(2001) (85) in active group, 10%

in placebo, p � 0.001
Walkup et al. Fluvoxamine GAD, SAD, 128 8 25–300 6–18 76% responders among

(2001) (83) social (mean:110) active, 29% among
phobia placebo on CGI-I,

p � 0.01
Carlson et al. Sertraline Elective 5 16 50–100 5–11 All much or very much

(1999) (624) Mutism improved on CGI-I up
to 20 weeks

Black & Udhe Fluoxetine Elective 15 12 12–27 6–12 Fluoxetine was better,
(1994) (625) Mutism although most still

impaired; no
significant difference
between groups on 
CGI scales

CGI-I, Clinical Global Impressions Scale–Improvement; GAD, Generalized anxiety disorder; SAD, Separation
anxiety disorder; SOC, Social phobia.

75191_ch27.qxd  9/30/05  18:45  Page 602

http://www.fda.gov/cder/drug/antidepressants/MG_template.pdf
http://www.fda.gov/cder/drug/antidepressants/MG_template.pdf


Safety
In general, SSRIs are well-tolerated medications, and they
are safer than their predecessor TCAs, especially in the
setting of misuse or overdose. Side effects are usually mild
and often dose dependent. Acute effects such as gastroin-
testinal upset, decreased appetite, headache, restlessness,
insomnia, and fatigue may occur, as well as behavioral or
mood changes. There are no known longterm adverse
effects of the use of SSRI medications in pediatric
populations.

Suicidality. After the UK Department of Health statement
in the summer of 2003 alerting the public of a 1.5- to 3-fold
increased risk of self-harm or suicidal thinking in youth
taking paroxetine, the FDA (Dr. Mosholder, Division of
Drug Risk Evaluation) and expert panels conducted an ex-
tensive review of SSRI medications in all shortterm pedi-
atric clinical trials.

Although Dr. Mosholder reported a statistically signifi-
cant association of “suicidality” adverse events (N � 78)
with antidepressant drug treatment in shortterm pediatric
clinical trials, due to concerns regarding misclassification
of cases and prior to a definitive analysis, the FDA con-
tracted Columbia University in the summer of 2004 to per-
form an independent and blinded review of adverse events.
Using original narratives, the panel redefined adverse
events from pediatric antidepressant trials as (1) suicidal
events (attempts, aborted attempts, interrupted attempts,
and suicidal ideation–related events), (2) nonsuicidal
events (self-injury or mutilation without suicidal intent,
events attributable to other psychiatric symptoms, medical
or accidental injuries), (3) and indeterminate events (non-
consensus or unable to classify due to limited data)
(www.fda.gov/cder/drug/antidepressants/classification-
Project.htm).

Following the Columbia classification, Dr. Hammad
(FDA, Division of Neuropharmacological Drug Products)
performed a new meta-analysis of 95 adverse event cases
across 23 pediatric trials. No individual trial showed a statis-
tically significant signal for suicidality. However, many tri-
als had a relative risk of 2 or more, and some of the overall
estimates, across various trial groupings, were statistically
significant. Most events were in trials in which the highest
proportion of patients had a history of suicide attempt or
ideation at baseline. Dr. Mosholder concluded that the
Columbia reclassification did not materially affect his prior
conclusions. Yet the overall risk estimate for “all trials”
analysis decreased with the Columbia University reclassifi-
cation from 1.89 to 1.78, and the risk estimate for SSRI
MDD-only trials decreased and lost statistical significance.
However, for individual drugs, the risk estimates for parox-
etine and venlafaxine increased.

Based on these analyses of 24 pediatric antidepressant
trials involving more than 4,400 patients, in October 2004,
the FDA issued a black box warning on all pediatric an-
tidepressants (www.fda.gov/cder/drug/antidepressants/

SSRIlabelChange.htm), as well as a public health advisory
( w w w . f d a . g o v / c d e r / d r u g / a n t i d e p r e s s a n t s /
SSRIPHA200410.htm). The FDA concluded there was a
greater risk of suicidality during the first few months of
treatment in those receiving antidepressants; 4% average
risk of such events on drug, and twice the placebo risk of
2%. No suicides occurred in these trials. In February 2005,
the FDA made an important alteration to its black box la-
beling language from “antidepressants increase the risk of
suicidal thinking and behavior (suicidality) in children and
adolescents with major depressive disorder (MDD) and
other psychiatric disorders” to “antidepressants increased
the risk of suicidal thinking and behavior (suicidality) in
short-term studies.”

Although there was a 4% average risk of spontaneously
reported (parent or youth) suicidal thinking or suicidality
on drug versus 2% on placebo, in 17 of these 23 trials, a
direct assessment (standardized youth self-assessment) of
suicidality demonstrated a slight reduction in suicidality
(http://www.aacap.org/Announcements/pdfs/physicians-
medguide.pdf). Consistent with this evidence, in the most
recent multicenter trial of SSRI in pediatric depression (49),
the number of youth reporting suicidal ideation declined
from 29% at baseline to 10% at week 12. Suicidal thinking
declined in the fluoxetine � CBT group compared to
placebo (p � 0.02), fluoxetine alone (p � 0.002), and CBT
alone (p � 0.05). There were no completed suicides, and
the number of attempts (7 patients; 1.6%) was too small to
analyze.

In addition to the evaluation of clinical trial data just de-
scribed, toxicological and epidemiological data support 
a favorable risk-benefit ratio of SSRIs in the treatment 
of depression in youth (115). The Task Force on SSRIs 
and Suicidal Behavior in Youth (January 2004) posted by
the American College of Neuropsychopharmacology
(http://acnp.org) described toxicological analysis in adults
and youth noting that, in those completing suicide, the ma-
jority had not been taking the antidepressant prior to death.
Further, the task force cited international epidemiological
data in support of declining rates of suicide in youth over
the previous decade, coincident with increasing antidepres-
sant prescription rates. The Center for Disease Control
(CDC) concurs the overall rate of suicide among youth has
declined slowly since 1992 (116).

In an examination of 1996–1998 U.S. suicide rate data
from the CDC, with county-level prescription data (ages 5
and older) from a random sample of 20,000 pharmacies,
increases in SSRI prescriptions were associated with lower
suicide rates (117). These findings were consistent with a
similar U.S. analysis in youth from 1990 to 2000; a 1%
increase in adolescent use of antidepressants was associated
with a decrease of 0.23 suicide per 100,000 adolescents
per year (P � 0.001) (118). In addition, a retrospective
longitudinal cohort study of managed care enrollees aged
12 to 18 years found that antidepressant treatment for at
least 6 months reduced the likelihood of suicide attempt
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compared with antidepressant treatment for just 8 weeks
(hazard ratio � 0.34; CI 0.21, 0.55) (119).

Clearly there is need for ongoing study in this area, to
provide a better delineation of risk for a given child or ado-
lescent treated with an SSRI. However, the following risk 
estimate is offered based on a 4% average risk of sponta-
neously reported suicide thinking or suicidality on the drug
versus 2% on placebo; if a clinician prescribes an SSRI for
200 new patients, 8 patients may express increased suicidal
thinking or behavior. Of these 8 patients, increased suici-
dality may be attributed to the underlying depression in 4
patients and attributed to the SSRI in 4 patients (AACAP
letter to clinicians, October 31, 2004).

Paroxetine’s short half-life, nonlinear pharmacokinetics,
and CYP450 2D6 inhibition and metabolism are likely rel-
evant to its side effect profile (63). In a pediatric pharma-
cokinetic (PK) study of paroxetine, the subject with the
poorest 2D6 metabolic activity was the first subject to de-
velop hypomania, at week 3 of treatment (34). Paxil CR,
which contains a degradable matrix designed to control re-
lease of paroxetine over 4 to 5 hours using an enteric coat-
ing to delay release (GlaxoSmithKline, 2004), may provide
a useful alternative.

Activation/Switching. Activation implies an alteration in
mood, anxiety, or behavioral state (such as restlessness)
induced by a medication, such as an SSRI. Activation does
not signify the presence of hypomania or mania or neces-
sarily herald bipolar disorder. These relatively mild 
adverse events may be dose related and may resolve with
reduction of dose without discontinuation. Contrary to
activation, treatment-emergent affective (mood) switch-
ing (TEAS) implies a switch from one mood state (de-
pression) to another (hypomania or mania) in the context
of an antidepressant, such as an SSRI. While TEAS has
been described in the adult bipolar disorder literature,
there has been little study in the pediatric literature re-
garding the phenomenon of switching on antidepressant
medications. Martin et al. (120) examined a national
database (1997–2000) of 7 million mental health users 5
to 29 years old to assess the risk of mood switching
(manic conversion) by age and antidepressant class. The
authors found manic conversion in 4,786 patients (5%),
with the lowest risk in the SSRI class (hazard ratio 2.1)
versus other antidepressant classes (hazard ratio 3.8–3.9).
In this review, peripubertal children (10 to 14 years old)
were at highest risk of conversion.

In his analysis, Dr. Hammad  examined 90 events in all
pediatric MDD trials characterized by emergent symptoms
of hostility or agitation. No individual trial had a statisti-
cally significant result, yet the overall RRs for all drugs, for
all SSRIs, and for Paxil were statistically significant, show-
ing an increase in the risk of developing these symptoms
compared to placebo.

As depression may be the (unknown or unexpected) in-
dex episode of a bipolar disorder, clinicians must monitor

for switching into a hypomanic or manic state. True manic
conversion precludes the further use of SSRIs without first
achieving adequate mood stabilization. Case reports of
treatment-emergent mania or hypomania in children or
adolescents treated with SSRI medications have been de-
scribed across numerous diagnostic categories (121–124).
Such SSRI-induced mania or hypomania may require treat-
ment with mood stabilizers beyond discontinuation of the
antidepressant.

Other. Serious adverse effects, including the serotonin
syndrome, have been described in children taking SSRIs
(125). Numerous case reports also document the emer-
gence of extrapyramidal symptoms (EPS) as well as tics and
myoclonus in children and adolescents treated with SSRI
medications (121, 126–131), as well as in adults (132).
Hyperreflexic tendon reflexes are common on neurological
exam. Animal studies have suggested that SSRIs possess
tonic inhibitory properties within the central dopamine
system, but it is unknown if this is the cause for motoric ad-
verse effects since their dopaminergic effects are clinically
insignificant (45). The amotivational syndrome, previously
described in adults taking SSRIs, has been described in sev-
eral children and adolescents and could also reflect
dopamine inhibition (133).

Concerns have been expressed regarding possible de-
creased growth (101, 134), and increased bleeding rates
(135, 136) in SSRI-treated patients. In a population-based
cohort study in Denmark and the Netherlands, serotonergic
antidepressants increased the risk of gastrointestinal adverse
effects in adults, including upper GI bleeding, which was in-
creased in turn by nonsteroidal anti-inflammatory drugs
(NSAIDS) and low-dose aspirin (137, 138). Disruption in
sleep architecture along with sleep disturbance and subjec-
tive accounts of vivid dreaming has also been described with
SSRIs, although infrequently in children (139).

Drug Interactions
Mono-amine oxidase inhibitors (MAOIs) should not be
given within 5 weeks after discontinuation of fluoxetine or
within 2 weeks after other SSRIs. Conversely, SSRIs should
not be administered within 2 weeks after discontinuing
MAOI treatment. Inappropriate combination with MAOIs
may induce potentially serious adverse effects, including
the serotonin syndrome. Interactions with medications
that utilize or inhibit various CYP450 pathways may occur,
as described in the pharmacokinetic section presented ear-
lier. Clinical effects may reflect 2D6 and 1A2 (TCA, an-
tipsychotics), 2C (TCA), and 3A4 (TCA, erythromycin) en-
zyme interactions (see Table 27.10). In addition, the SSRIs
are protein bound to varying degrees and can displace
other protein-bound medications and increase their effects
(Table 27.11).

SSRI medications are widely used in part due to their
wide therapeutic margin of safety (140, 141). Overdoses do
occur, such as a life-threatening overdose of fluvoxamine in
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TABLE 27.11
HEPATIC CYTOCHROME 450 DRUG INTERACTIONS WITH COMMONLY USED AGENTS IN PEDIATRIC
PSYCHOPHARMACOLOGY

CYP 1A1/2 2C9 2C19 2D6 3A4/5

Clinically Cimetidine Cimetidine Fluoxetine Dextropropoxyphene Cimetidine
relevant Ciprofloxacin Fluconazole Fluvoxamine Fluoxetine Diltiazem
inhibitors Fluvoxamine Fluoxetine Ritonavir Norfluoxetine Erythromycin

Fluvoxamine Isoniazid Fluconazole
Mephenytoin Paroxetine Grapefruit juice
Ritonavir Quinidine Indinavir

Ritonavir Itraconazole
Thioridazine Ketoconazole

Nefazodone
Norfluoxetine
Propoxyphene
Ritonavir

Clinically Broccoli Carbamazepine Rifampin Phenobarbital Carbamazepine
relevant Charbroiled food Phenobarbital S-Mephenytoin Phenylbutazone
inducers Cigarettes Rifampin Phenobarbital

Primidone
Rifampin

Substrates Aminophylline Amitriptyline Amitriptyline Amphetamines Antibiotics
Caffeine (2C19, 3A4/5, 2D6) (2C9, 3A4/5, 2D6) Antiarrhythmics Doxycycline

(3A4/5, 2E1) Fluoxetine Clozapine Antidepressants Macrolides
Clomipramine NSAIDs (3A4/5, 1A1/2) Desipramine Rifampin

(2C19, 3A4/5, Phenytoin Diazepam (3A4/5) Mirtazepine Anticonvulsants
2D6) (1A1/2, 2D6) Imipramine (1A1//2, 3A4/5) Carbamazepine

Clozapine Propanolol (1A1/2, 2D6, Nortriptyline Ethosuximide
(3A4/5, 2C19) (1A1/2, 2C19, 2D6) 3A4/5) Venlafaxine (3A4/5) Trimethadione

Metoclopramide S-Warfarin S-Mephenytoin Antipsychotics Antidepressants
(2D6) Aripriprazole (3A4) Bupropion (2B6)

Mirtazepine Atomoxetine Citralopam (2C19)
(2D6, 3A4/5) 	-Blockers Mirtazepine

Olanzapine (2D6) Chlorpheniramine (1A1/2, 2D6)
Theophylline Codeine Nefazodone

(3A4/5, 2E1) Dextromethorphan Trazodone
Isoniazid Tertiary TCAs
(Methylphenidate) Antipsychotics

(esterases) Clozapine
(1A1/2, 2C19)

Pimozide
Benzodiazepines/

zolpidem
(1A1/2, 2D6)

Alprazolam
Clonazepam
Diazepam (2C19)
Midazolam

Cisapride
Hormones/steroids
Anticancer
Nonsedating

antihistamines
Astermizole

Loratadine
Opioids
Alfentanil

Notations in parentheses indicate alternate metabolic pathways for the substrate listed.
Source: Adapted from Oesterheld and Shader (1998) (626).
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a 4-year-old child (142), sertraline (143), and paroxetine
(144), and one fluoxetine-related death in a child with cy-
tochrome P-450 2D6 genetic deficiency (145).

NOVEL ANTIDEPRESSANTS

Bupropion/Venlafaxine/Mirtazapine/
Trazodone

Pharmacokinetics
Pharmacokinetic studies in pediatric populations are ex-
tremely limited. For example, Stewart et al. (2001) (146)
examined the moderating effects of smoking status and
gender on single-dose pharmacokinetic parameters of
bupropion in adolescents and found that plasma levels of
bupropion and its metabolite hydroxybupropion did not

differ between smokers and nonsmokers. However, the
mean area under the curve (AUC) ratio of hydroxybupro-
pion to bupropion was lower than reported in adults. Both
bupropion and venlafaxine are available in controlled re-
lease formulations, which may have pharmacokinetic ad-
vantages, such as lower peak drug levels and smaller fluc-
tuations between peak and trough plasma levels, resulting
in better tolerability (147). Bupropion XL, an even longer-
acting formulation, is now available. One 300 mg XL cap-
sule provides comparable equivalence in peak plasma and
AUC to 100 mg three times a day immediate-release tablets
(GlaxoSmithKline, 2003); this formulation may also have
superior tolerability (148). Marked inter- and intra-indi-
vidual variability was observed in one study of the phar-
macokinetics of nefazodone with children showing greater
absorption and faster clearance compared with adults
(149) (Table 27.12)
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TABLE 27.12
CLINICAL PHARMACOLOGY OF NOVEL ANTIDEPRESSANTS

Bupropion Mirtazapine Trazodone Venlafaxine

Pharmacokinetic Parameters

T-Max (hours) 6 h for sustained 2 h 1–2 h 2 h (immediate release)
release

2 h for immediate 5.5 h (extended release)
release

Half-life (T 1/2) 21 h 
9 20–40 h 3–9 h 5 
2 h
(hours)

Mechanism of Renal� Hepatic Renal Renal
excretion Hepatic CYP 2B6 CYP 3A4 and 2D6

Pharmacodynamic Parameters

Mechanism of Agonist: Indirect Antagonist: Presynaptic Inhibits 5HT uptake Potent inhibitor of
action dopamine agonist; alpha 2 adrenergic neuronal 5HT and NE

relatively weak 5HT2 reuptake and weak
inhibitor of the 5HT3 inhibitor of DA reuptake
neuronal uptake of Net increase in N/A
NE, 5HT, and DA and 5HT1A activity

Clinical Parameters

Dose range 75–300 (children) 7.5–15 (children) 50–100 (children) 25–300 (children)
(mg/day) 75–450 (adolescents) 15–45 (adolescents) 100–300 (adolescents) 37.5–375 (adolescents)

Common side Irritability, anxiety, Sedation, increase Mental clouding, Weakness, sweating,
effects anorexia, and appetite, weight gain; sedation, orthostasis, nausea, constipation,

insomnia, and serotonergic effects priapism, nausea, rare anorexia, vomiting,
rarely, edema, minimal, minimal arrhythmias somnolence, dry mouth,
rashes, and nocturia anticholinergic effects, dizziness, nervousness,

little CVS effects, anxiety, tremor, and
potent H1 blockade blurred vision,

abnormal ejaculation/
orgasm, and impotence
in men

5HT, Serotonin; CVS, Cardiovascular system; CYP, Cytochrome; P450 DA, dopamine; H1, Histamine;
NE, Norepinephrine; T-Max, Time to peak plasma level.
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Pharmacodynamics
This group of antidepressants possesses mixed actions 
on several neurotransmitter sites, including Nore-
pinephrine (NE), dopamine (DE), and 5HT. Mirtazapine is
an antagonist of presynaptic alpha 2-adrenergic autorecep-
tors as well as presynaptic norepinephrine and serotonin
(5-HT) heteroreceptors. It is also a potent antagonist of
postsynaptic 5-HT2 and 5-HT3 receptors. Net effects of
treatment include greater noradrenergic and serotonergic
activity, especially at the 5-HT1A (auto) receptor (150,
151). Venlafaxine exhibits mixed NE and 5HT activity; 5HT
reuptake inhibition predominates at lower doses, while NE
reuptake inhibition increases with higher doses, and some
dopamine reuptake inhibition occurs at high dose (25,
152). Bupropion exerts its effects via an alternate mecha-
nism with inhibition of both NE and DA reuptake, al-
though its occupancy of the DA transporter (DAT) is low
(153). Trazodone possesses 5HT reuptake inhibition and
5HT2 antagonism, as well as alpha-1 antagonism and anti-
histamine effects (25). One of the more common uses of
trazodone exploits the potential adverse effect of sedation
produced by this receptor activity by employing it at night
as a hypnotic agent.

Pharmacotherapy
Mixed neurotransmitter antidepressants may possess spe-
cial therapeutic utility, such as in conditions refractory to
common SSRI agents. Yet even in the extant adult literature,
there is little controlled trial evidence available that can
guide subsequent treatment for those individuals with no
response or partial response to a first-line agent such as an
SSRI. Therapeutic strategies may include switching agents
within the same class, using another class of agents, or us-
ing augmentation with a second drug that has differing
pharmacodynamic actions, such as adding noradrenergic
or dopaminergic activity to a primary serotonergic drug
(154). Bupropion’s proposed NE activity, limited CYP-450
interactions, and infrequent sexual side effects has made it
a popular augmentation agent in depressed adult partial re-
sponders to SSRIs or venlafaxine, and this strategy is sup-
ported by efficacy in open trials (155).

In addition, the adult literature suggests that medica-
tions affecting multiple neurochemical systems, such as
venlafaxine, may achieve higher rates of remission relative
to other agents (156, 157). Mirtazapine’s increased neu-
ronal cell firing, due to its mixed actions on NE (alpha(2)
antagonism) and 5-HT (alpha(1)-stimulation by NE), may
result in faster onset of action than more selective antide-
pressants as suggested by clinical evidence (158).

Mood Disorders
Despite frequent use in clinical settings of mixed activity
antidepressants in youth, very limited data exists regarding
their safety and efficacy. Controlled trials in youth have
been conducted with bupropion, showing a significant 
advantage for depression symptoms in a small cohort 

(N � 24) (159) and with low-dose venlafaxine (160). In
the latter trial, venlafaxine was not superior to placebo for
the treatment of depression in children and adolescents,
possibly due to the low doses and short duration of this
trial. Open-label studies suggest benefit from these agents
as monotherapy, as well as in combination treatment, such
as venlafaxine combined with lithium in adolescent 
depression (161).

Trazodone has been used for insomnia in adolescents
with depression (162). Such use is well supported by adult
practice, in which trazodone is uniquely utilized in the
management of insomnia associated with mood disorder
or SSRI treatment (163, 164), as well as PTSD, and primary
sleep disorders (165, 166). In these adults, trazodone has
been shown to have positive effects on sleep without alter-
ing normal sleep architecture (167–169). Mirtazapine has
demonstrated similar improvement on objective sleep pa-
rameters in depressed adults (170) and because of its se-
dating properties may be useful in agitated depression.

Anxiety Disorders
There is some rationale for using mixed or dual action
agents in pediatric anxiety disorders. For example, individ-
uals with generalized anxiety disorder may benefit from
drug activity in both 5HT systems as well as normalization
of a presumptive overactive NE system (171). In fact, ven-
lafaxine XR was the first antidepressant approved by the
FDA for the treatment of GAD (172). Unfortunately, there
are no controlled studies of mixed action antidepressants
for anxiety disorders in pediatric populations.

The use of trazodone has been recommended by “Expert
Consensus Guidelines” for PTSD, when sleep improve-
ment does not improve with first-line agents (173). Open
reports also cite improvements in symptoms of mood dis-
turbance and hyperarousal, anger, aggression, restlessness,
insomnia, and concentration in youth with PTSD (174).

Attention Deficit Hyperactivity Disorder
Clinical trials of bupropion for ADHD have included a sin-
gle site placebo-controlled study (175), a multicenter con-
trolled trial (176), a crossover trial with methylphenidate
(MPH) (177), and a study of bupropion sustained release
formulation in adolescents with attention deficit hyperactiv-
ity disorder and comorbid depression (159). Collectively,
these studies show that bupropion is an effective agent for
the treatment of ADHD in youth, albeit with a more modest
effect size than traditional stimulants. Furthermore, bupro-
pion may have clinical value for youth with ADHD and co-
morbid substance abuse or dependence, as well as mood dis-
order (178).

PDD Disorders/Autism 
A small retrospective clinical study with venlafaxine in
children with DSM-IV autism spectrum disorder showed
some improvement in repetitive behaviors and restricted
interests, social deficits, communication and language
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function, inattention, and hyperactivity at a very low mean
dose of 24 mg daily (179).

Disruptive Behavior, Impulse Control, and TIC
Disorders 
Trazodone has been used to treat aggression, including
cases with neurological injury, and hydrocephalus in
youth (180). Case reports suggest efficacy in reducing
refractory aggression, hyperactivity, and self-injurious
behavior in children with frontal lobe atrophy (181) or
treatment refractory hospitalized aggressive children
(182).

Initiating and Maintenance of Medication

Initiation. The principles in initiating this group of medica-
tions are similar to those outlined in the SSRI section in-
cluding obtaining informed consent and consideration of
age, body weight, pubertal status, neurological status, and
family history of drug response. Medication guides 
for families and clinicians are now available from 
the FDA (www.fda.gov/cder/drug/antidepressants/MG_
template.pdf) and jointly from the American Psychiatric
Association and the American Academy of Child and Ado-
lescent Psychiatry (www.aacap.org/Announcements/pdfs/
parentsmedguide.pdf; www.aacap.org/Announcements/
pdfs/physiciansmedguide.pdf).

The lowest available dose should be used for initiating
medication treatment in children or those with neurologi-
cal insult or developmental delay, and titration schedules
should be conservative, with modest increases each 3 to 4
weeks to allow improvement to manifest before increasing
doses. Prior to initiating bupropion treatment, one should
assess for factors that increase risk for seizures (head
trauma, prior history of seizure, concomitant medications
that lower seizure threshold). Doses greater than 450 mg
daily increase the risk of seizures compared to other an-
tidepressants. Baseline cardiovascular parameters (heart
rate, blood pressure) should be obtained, particularly when
using bupropion and venlafaxine, which can cause dias-
tolic hypertension.

Monitoring. As discussed in the SSRI section presented
earlier, national psychiatric associations (the American
Psychiatric Association and the American Academy of
Child and Adolescent Psychiatry) concur with the need
for close monitoring of children and adolescents on an-
tidepressants.

Monitoring and maintenance use of this group of med-
ications is according to the principles outlined in the SSRI
section; that is, routine serum level assays are not clinically
helpful and routine liver, renal, thyroid, glucose, lipid, and
hematological monitoring studies are not generally re-
quired. However, assessment of cardiovascular parameters
(blood pressure, heart rate) is recommended with this
group of medications.

Safety

Adverse Effects. In general, these medications are well tol-
erated clinically in youth. Side effects tend to be mild and
dose dependent. In the short term, gastrointestinal upset,
constipation, decreased appetite, headache, dry mouth, rest-
lessness, insomnia, fatigue, and sedation may occur. Adverse
effects with this group reflect their various pharmacological
profiles; histamine blockade with agents such as trazodone
and mirtazapine cause more sedation than bupropion and
venlafaxine, which possess little such activity.

In adult studies, mirtazapine has been associated with
somnolence, increased appetite, and weight gain that are
attributed to its antihistaminic (H1) activity at low doses
(183). Adult case reports have also described glucose dereg-
ulation, weight gain (184), hepatoxicity (185), hyper-
triglyceridemia, pancreatitis, and diabetic ketoacidosis with
mirtazapine (186). Nicholas et al. (2003) (187) reported
significantly increased total cholesterol at week 4 in one
controlled study of otherwise healthy adults treated with
mirtazapine.

In adults, venlafaxine may be associated with small,
but statistically significant, dose-dependent increases in
systolic and diastolic blood pressure during acute and
continuation therapy. This effect is more frequent at doses
at or above 300 mg daily (188). In another study, no dif-
ferential effect on blood pressure in young (13 to 56
years) versus old (65 to 86 years) depressed patients
treated with dosages of 50 to 250 mg daily were found,
despite a higher mean weight-adjusted daily dosage in
younger patients. No significant changes in systolic blood
pressure were noted in either group. In the older group
only, there was a 4.7 mm Hg mean increase in diastolic
blood pressure (p � ns) (189).

Trazodone-associated priapism has been well de-
scribed in adults and in adolescents (190), although
scattered cases also have been reported with use of other
medications, including venlafaxine (191). This effect
appears related to trazodone’s alpha-adrenoreceptor-
blocking properties and interference of sympathetic
control of penile detumescence (192).

The risk of seizures with bupropion is dose dependent,
estimated at 0.1% at 300 mg daily of slow-release formula-
tion compared to 0.4% at doses from 300 to 450 mg of
–immediate-release drug. Seizure risk may increase 10-fold
in dosages greater than 450 mg daily (GlaxoSmithKline).
Since its introduction, bupropion has been believed empir-
ically to have fewer cardiovascular adverse effects than
other treatments, including in adults with preexisting car-
diac disease (193–196). Adverse sexual effects are also un-
common. There are no known longterm adverse effects of
using mixed-action antidepressants in pediatric popula-
tions; however, controlled longitudinal data are lacking.

Suicidality. As described earlier in detail in the SSRI sec-
tion, the FDA has performed meta-analyses of adverse
event cases across antidepressant pediatric trials, including
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bupropion, mirtazapine, and venlafaxine. The FDA has in-
stituted the following black box labeling: “antidepressants
increased the risk of suicidal thinking and behavior (suici-
dality) in short-term studies.”

Activation/Switching. As described in detail in the SSRI
section, activation implies an alteration in mood, anxiety,
or behavioral state (such as restlessness) induced by a med-
ication, such as an antidepressant (197). Activation does
not signify the presence of hypomania or mania, nor does
it necessarily herald bipolar disorder. These relatively mild
adverse events may be dose related and may resolve with
reduction of dose without discontinuation. Contrary to ac-
tivation, treatment-emergent affective (mood) switching
(TEAS) implies a switch from one mood state (depression)
to another (hypomania or mania) in the context of a treat-
ment, such as with an antidepressant. As depression may be
the (unknown or unexpected) index episode of a bipolar
disorder, clinicians must monitor for switching into a hy-
pomanic or manic state. True manic conversion precludes
the further use of an antidepressant without first achieving
adequate mood stabilization.

Overdose
Retrospective studies of overdose exposure to these agents
are available for both adult and pediatric samples. Over-
dose with bupropion is primarily associated with neuro-
logical, rather than cardiac effects. A retrospective review of
7,348 bupropion-only pediatric overdose exposures re-
ported clinical adverse effects in 2,247 exposures overall,
but in only 8% of children younger than 6 years old com-
pared to 46% of teenagers (198). Similarly, in a prospective
study of bupropion, adverse effects of poisoning in 59
adults and 10 children included tachycardia (83%), hyper-
tension (56%), dose-dependent seizures (37%), gastroin-
testinal symptoms (37%), and agitation (32%). Only one
out of eight children with accidental ingestion had symp-
toms (vomiting and hallucinations) (199). Bupropion
overdose (mean 3.8 g) has been associated with tachycar-
dia, hypertension, and prolongation of QTc of 461 �/� 34
msec (200). Rarely death with massive ingestion has been
reported; a 26-year-old man ingested 23 g of bupropion,
with seizures and cardiac arrest (201).

The relative toxicity of SSRIs and venlafaxine was re-
viewed and found to be generally similar (140). Seizures
occurred in 7 out of 51 venlafaxine overdoses with greater
than 900 mg. SSRIs were less likely to prolong the QRS in-
terval and intensive care unit (ICU) admissions were also
less likely (140). Venlafaxine’s potential for cardiac and
neurotoxicity may be dependent on whether the individual
is an extensive or poor metabolizer (deficient CYP2D6 en-
zyme phenotype) (202). Overdose with 30 and 50 times a
normal daily dose of mirtazapine has resulted in full re-
covery (203); case reports of ingestions including a 3-year-
old child did not observe serious sequelae (204). In addi-
tion, the clinical trial development program of mirtazapine,

performed in Europe and the United States, evaluated its
safety based on data from all patients who took at least one
dose of study medication during studies comparing mir-
tazapine with placebo or other comparators. The only ad-
verse symptom in patients taking an overdose of mirtazap-
ine alone or in combination with other drugs was excessive
but transient somnolence (205).

Seizures, hyponatremia, torsades de pointes, prolonged
QT, and complete atrio-ventricular (AV) block have all
been reported with trazodone overdose (206–209).

Drug Interactions
Interactions based on pharmacokinetics, specifically the
CYP450 system, are shown in Table 27.10. Venlafaxine
has modest effect on CYP 2D6 substrates (210). While
mirtazapine does not itself substantially inhibit CYP450
enzymes in vitro (211), induction or inhibition of
CYP450 enzymes by other agents may cause significant
increases or decreases in concentration as demonstrated
by a 46% reduction in mirtazapine plasma concentration
with the addition of phenytoin, a CYP3A34 inducer
(212). Mirtazapine and lithium appear to be safe in 
combination (213).

Few drug interactions are described with bupropion.
However, Shad and Preskorn (1997) (214) described an
approximately fourfold increase in levels of imipramine
and desipramine after the addition of bupropion. Popli et
al. (1995) (215) reported that coadministration with car-
bamazepine may reduce bupropion levels, while valproate
levels may increase with concomitant bupropion.

Pharmacodynamic interactions may cause additive de-
grees of sedation when sedating antidepressants such as tra-
zodone and mirtazapine are taken with other CNS-active
depressants. In addition, trazodone may potentiate hy-
potension when taken with other agents with similar effect.

TRICYCLIC ANTIDEPRESSANTS

Until the emergence of fluoxetine in 1987, tricyclic antide-
pressants were mainstay agents in both general and child
and adolescent neuropsychopharmacology. Agents include
tertiary (imipramine, clomipramine) and secondary
amines (desipramine, nortriptyline).

Pharmacokinetics

Absorption is rapid from the gastrointestinal tract, reaching
peak levels in 2 to 4 hours. TCAs are highly protein bound
and lipophilic agents. In animals, brain penetration of
amitriptyline is enhanced when the blood-brain barrier is
deficient, a finding that may have some importance in neu-
rologically compromised children (216). TCAs undergo
metabolism via the CYP450 system; the primary metabolic
enzyme is 2D6, yet other pathways may be involved, such
as CYP2C19 (217). TCAs have a shorter half-life in children
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compared to adults (218), and linear pharmacokinetics.
Excretion is primarily renal as the inactive metabolite.

Research regarding TCA pharmacokinetics has found
an effect of variable CYP2C19 and CYP2D6 genotypes 
on the metabolism of clomipramine (219). In another
study, the duplication of CYP2D6 genes predicted higher
clearance of desipramine (220). Novel formulations 
are under investigation, such as a sustained-release dosage
form of clomipramine and osmotic-release (OROS)
amitriptyline (221).

Pharmacodynamics

In addition to inhibition of NE and 5HT reuptake, other
putative mechanisms of TCA action include decreasing the
density of postsynaptic B-adrenoreceptors and 5HT recep-
tors with chronic administration. However, the final path-
way of action is likely to involve modulation of a bio-
chemical chain of events and altered genomic expression
(222). Secondary amines such as nortriptyline (NT) and
desipramine (DMI) have greater relative effect on NE trans-
mission (and little or no 5HT effect), compared to tertiary
amines which usually have both NE and 5HT effects. In ad-
dition, secondary amine TCAs have less anticholinergic and
antihistaminic activity and consequently fewer such side ef-
fects.

Neuroimaging studies include work by Suhara et al.
(2003) (223). Using positron emission tomography, the
authors showed a high degree of serotonin transporter oc-
cupancy with low-dose clomipramine in a comparative oc-
cupancy study with fluvoxamine.

Pharmacotherapy

For children and adolescents, TCAs have proven efficacy in
the treatment of enuresis, OCD, and ADHD, with second-
line utility in a variety of other neuropsychiatric conditions
(224). FDA indications for this class are limited to enuresis
(imipramine) and OCD (clomipramine).

Mood Disorder
Despite an approximately 80% response rate in adults
with major depressive disorder (222), TCAs have not been
shown to be significantly effective in juvenile depressive
disorders (225, 226). According to a Cochrane Systematic
Review (227) of 13 trials (506 participants), no overall
improvement with TCA treatment compared to placebo
was seen for children or adolescents. Subgroup analyses
suggested a larger benefit among adolescents (effect size
[ES] � �0.47, 95% confidence interval �0.92 to �0.02)
and no benefit among children (ES � 0.15, 95% confi-
dence interval �0.34 to 0.64). Interpretation of individ-
ual trial results is limited by numerous methodological
shortcomings. However, TCAs may be otherwise appropri-
ate in specific pediatric populations, such as treatment-
resistant or severe MDD (56, 228).

Anxiety Disorders
Despite comparable efficacy to the SSRIs in adult panic dis-
order (229), with the exception of pediatric OCD, there are
limited controlled data in pediatric anxiety disorders. Four
double-blind, placebo-controlled studies, evaluating TCAs
for the treatment of anxiety-based school refusal produced
conflicting results (230–233).

Clomipramine (CMI) may have unique properties
among the TCAs as the parent compound has potent sero-
tonergic activity before being metabolized to a secondary
amine. Early studies and subsequent multisite industry-
sponsored RCTs demonstrated its superiority over
placebo and desipramine in both shortterm and longer-
term RCTs for pediatric OCD (234–236). Meta-analyses
in both adults (237–239) and children (21) have sug-
gested that it is significantly more effective than the SSRIs
for OCD at all ages. In the latter study, the effect size for
CMI was 0.69, which was significantly higher than for
each of the SSRIs (21). However, head-to-head studies in
adults have failed to show this superiority and also found
that SSRIs are better tolerated. Such studies have not been
done in youth.

Attention Deficit Hyperactivity Disorder (ADHD)
Expert opinion is that tricyclic antidepressants have posi-
tive efficacy comparable to that of stimulants (240–
242). However, their adverse effect profile limits their util-
ity (240, 241). Agents with efficacy demonstrated in RCTs
include imipramine, desipramine, and amitriptyline. In the
largest controlled trial of desipramine (DMI) in children,
Biederman et al. (1989) observed a robust response in 62
children with ADHD. Four trials comparing TCAs with
MPH indicated either no differences in response or slightly
better results with stimulants (244).

Tic Disorders
Following observation in open reports that the TCA de-
sipramine improved tics as well as ADHD symptoms,
Spencer (2003) (243) conducted a 6-week, double-blind,
placebo-controlled, parallel trial of desipramine (to 3.5
mg/kg per day) versus placebo. Desipramine significantly
reduced tic symptoms by about 30% from baseline relative
to placebo using the Yale Global Tic Severity Scale with
equal response in both motor and vocal tics.

Enuresis
Imipramine has an FDA indication for treatment of enure-
sis, and until the emergence of the newer pharmacological
treatments such as desmopressin acetate (DDAVP) (244),
TCAs had a primary role in the management of enuresis. A
2002 Cochrane systematic review of 54 RCTs (N � 3379)
of TCAs or related drugs for nocturnal enuresis in children
showed that treatment with tricyclic drugs (imipramine,
amitriptyline, nortriptyline, clomipramine, and de-
sipramine) was associated with a reduction of approxi-
mately one wet night per week. About 20% of the children
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became dry while on treatment, but this effect was not sus-
tained after treatment stopped. Overall, these reviewers
concluded that although tricyclics and desmopressin are ef-
fective in reducing the number of wet nights, most children
relapse after stopping active treatment, compared to about
50% relapse after alarm treatment (245).

Pervasive Developmental Disorders
Clomipramine (CMI) showed improvement on standard-
ized ratings of stereotypic and self-injurious behaviors,
anger and aggression, impulsivity, and social relatedness in
autistic children (246). Efficacy of the serotonergic CMI
was superior to the noradrenergic TCA desipramine in an-
other controlled study (247). In a shortterm trial, individu-
als with autistic disorder were randomly assigned to
placebo, clomipramine, or haloperidol. Fewer individuals
receiving clomipramine were able to complete the trial due
to side effects and lack of efficacy or behavioral problems.
In the intent-to-treat sample, only haloperidol showed sig-
nificant improvement from baseline on global measure of
autistic severity, as well as specific measures for irritability
and hyperactivity (248).

Initiating and Maintenance of Medication

Initiation
Medication guides for families and clinicians are now 
available from the FDA (www.fda.gov/cder/drug/anti
depressants/MG_template.pdf) and jointly from the Amer-
ican Psychiatric Association and the American Academy
of Child and Adolescent Psychiatry (www.aacap.org/
Announcements/pdfs/parentsmedguide.pdf; www.aacap.
org/Announcements/pdfs/physiciansmedguide.pdf).

In addition to general principles that apply to all med-
ications, the unique side effect profile, particularly sup-
pression of cardiac conductivity, mandates a careful eval-
uation of baseline physical health, cardiovascular
parameters, and ECG prior to initiating TCAs in children.
A family history of cardiac illness, such as conduction
deficits or early sudden death (as distinct from late-onset
coronary atherosclerotic disease), should be elicited.
Blood count and liver enzyme assays are often suggested
as baseline evaluation. Ideally, initiation of a TCA should
be done in cooperation with a child or adolescent’s pri-
mary care physician. Guidelines have been published re-
garding the use of TCAs in children and adolescents (249,
250). TCAs are typically begun in the range of 1.0 mg/kg
daily, with gradual titration (e.g., q 7 to 14 days). Maxi-
mum dosing is 3 mg/kg daily for CMI and NT or 5 mg/kg
daily for DMI.

Monitoring
As discussed in the SSRI section presented earlier, national
psychiatric associations (the American Psychiatric Associa-
tion and the American Academy of Child and Adolescent
Psychiatry) concur with the need to closely monitor chil-
dren and adolescents on antidepressants.

Pulse and blood pressure measurement should be per-
formed at office visits intermittently, as well as an ECG with
dosage increases and upon reaching target dose, and then
periodically during maintenance therapy at three to six
monthly intervals. TCA serum levels are monitored to
guide treatment, as well as to assess for potential toxicity. It
should also be noted that laboratory reference ranges are
broad guides only and that some children may benefit
from maintenance at serum levels that are above the upper
limit of the reference range. In these cases, close attention
to ECG parameters is necessary.

Safety and Side Effects
Adverse effects of TCAs can be attributed to the multiple 
receptor activity of these agents; antimuscarinic (anti-
cholinergic), antiadrenergic (alpha-1, alpha-2), and anti-
histaminic. Tertiary amines have greater affinities for these
sites and therefore produce more adverse effects. Anti-
cholinergic effects include dry mouth, constipation,
blurred vision, and sinus tachycardia. Antiadrenergic ef-
fects include orthostatic hypotension, dizziness (alpha-1),
and blockade of alpha agonists such as clonidine. Antihis-
taminic effects include weight gain and sedation.

Clinical trials with TCAs in youth cite frequent adverse ef-
fects such as dizziness, headache, tremor, nausea, insomnia,
dry mouth, and anxiety (56). According to a Cochrane Sys-
tematic Review (227) of 13 TCA trials (506 participants), only
vertigo, orthostatic hypotension, tremor, and dry mouth oc-
curred more often than with placebo. Dry mouth in children
may increase risk for dental caries. Extrapyramidal symp-
toms have been described in adults using TCAs (251).

TCAs exert a quinidine-like (class 1A antiarrhythmic) ef-
fect, which can result in slowed cardiac conduction. Specific
electrocardiogram (ECG) changes may occur, such as pro-
longed PR intervals, increased QRS duration, and increased
rate-corrected QT intervals (QTc). In a study evaluating de-
sipramine effects up to 5 mg/kg/day, Schroeder et al. (1989)
(252) reported a 21% increase in heart rate and a 2.5% in-
crease in QTc intervals at 4 weeks and 8 weeks, yet no dys-
rhythmias or clinically significant changes in blood pressure
occurred. However, in the following years there were cases of
sudden death in children treated with desipramine and
imipramine (253–258). Potential contributing factors were
noted in each case, including exercise prior to death, history
of paroxysmal atrial tachycardia, cardiac vascular anomaly,
and family history of early-onset cardiac disease, including
sudden death (259). Members of the Work Group on Re-
search and Office of Research of the American Academy of
Child and Adolescent Psychiatry (1992) concluded that the
rate of deaths during DMI treatment was not clearly statisti-
cally increased over the background incidence of sudden
deaths in the pediatric population generally. Guidelines re-
garding unacceptable electrocardiographic indices for the use
(or increase) of TCAs have been recommended by the FDA
as follows: (1) PR interval �200 ms, (2) QRS interval �30%
increased over baseline or �120 ms, (3) blood pressure
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�140 systolic or 90 diastolic, and (4) heart rate �130 bpm
at rest (260, 261). Finally, a prolonged QTc (corrected QT 
interval �450 ms) is associated with an increased risk of ven-
tricular tachyarrythmias and is a contraindication for TCA
use (or further increase). TCAs may also lower the threshold
for seizures, and brain-injured children may be more prone
to this serious adverse effect (262).

Suicidality
As described earlier in detail in the SSRI section, the FDA
has performed meta-analyses of adverse event cases across
nonTCA antidepressant pediatric trials. The FDA has insti-
tuted the following black box labeling: “antidepressants in-
creased the risk of suicidal thinking and behavior (suicidal-
ity) in short-term studies.”

Activation/Switching
As described earlier in detail in the SSRI section, activation
implies an alteration in mood, anxiety, or behavioral state
(such as restlessness) induced by a medication, such as an
antidepressant (197). Activation does not signify the pres-
ence of hypomania or mania, or necessarily herald bipolar
disorder. These relatively mild adverse events may be dose
related and may resolve with reduction of dose without dis-
continuation. Contrary to activation, treatment-emergent
affective (mood) switching (TEAS) implies a switch from
one mood state (depression) to another (hypomania or
mania) in the context of treatment, such as with an antide-
pressant. 

As depression may be the (unknown or unexpected) in-
dex episode of a bipolar disorder, clinicians must monitor
for switching into a hypomanic or manic state. True manic
conversion precludes the further use of an antidepressant
without first achieving adequate mood stabilization.

Overdose
Glauser (2000) (263) has reviewed the associated electro-
cardiographic abnormalities seen with TCA poisoning; 
ventricular dysrhythmias, hypotension, heart block, brad-
yarrhythmias, or asystole can occur. Hypotension,
seizures, coma, and death may result. Treatments such as
sodium bicarbonate, activated charcoal (which binds
TCAs), and hypertonic saline may be helpful. A QRS in-
terval � 100 ms appears to be a predictor of serious com-
plications.

Drug Interactions
TCA interactions may be based on their pharmacokinetic 
or pharmacodynamic properties. Concomitant medica-
tions that may alter TCA levels include phenothiazines,
haloperidol, SSRIs (29), mirtazapine (264), bupropion
(214), and venlafaxine (210). Aspirin (ASA) may displace
protein bound TCA, increasing the number and severity of
adverse events (265). Carbemazepine (CBZ) affects both
metabolism and protein binding of TCAs (266). Oester-
held (1996) (267) noted a risk in concomitant medications

that also lengthen QTc, as well as agents that alter the lev-
els of TCAs or their metabolites. Cohen et al. (1999) (268)
found no effect of stimulants on the phamacokinetics of
desipramine in children.

TCAs, especially the 5HT-active clomipramine, are not
recommended within 2 weeks of discontinuing or starting
an MAO-I. The anticholinergic effects of the TCAs provide
a relative contraindication for their use in poorly controlled
asthmatics on multiple asthma medications (269).

STIMULANTS

Neuropsychopharmacology

Since the previous edition of this text, new stimulant 
formulations have arrived on the market. A summary 
of methylphenidate (MPH), amphetamine (AMPH; 
d-AMPH), and magnesium pemoline will be presented.

Pharmacokinetics

Overall, stimulants are rapidly absorbed and metabolized,
and they possess little protein binding. Although individual
and comparison drug profiles can be found in the literature,
there is tremendous interindividual variability, which pre-
cludes direct extrapolation of these concentration-over-time
profiles to an individual child or adolescent.

Stimulants are available in several formulations; stan-
dard immediate release (IR), first-generation sustained re-
lease (SR), and second-generation extended release (ER)
compounds, representing novel mechanisms of drug liber-
ation. Products differ in their drug delivery mechanisms
and in their proportions of immediate versus extended 
release drug.

Methylphenidate comprises 4 stereoisomers, d- and 
l-threo- and d- and l-erythro-MPH; the CNS active threo
isomers are found in marketed preparations. Absorption is
rapid from the GI tract. Bioavailability of the d-threo iso-
mer is approximately 23%, due to a significant first pass
(hepatic extraction) effect. Protein binding is approxi-
mately 15%. A primary metabolic site is within the intesti-
nal wall, to inactive ritalinic acid. Time to peak plasma 
levels is about 1.5 to 2.5 hours, with plasma half-life of
about 2 to 3.5 hours (270, 271). The presence of food may
delay or reduce peak levels.

Development of SR formulations followed immediate
release preparations, yet they were not fully embraced in
clinical practice due to an apparent lack of comparative ef-
ficacy; in comparison to IR products, plasma concentration
over time showed a flatter curve (270). More recently, oral
osmotic release system (OROS) technology has led to the
marketing of the third generation of MPH drugs such as
Concerta, with its unique ascending dose curve (272).
Comparisons of mean-concentration-over-time profiles
demonstrate pair-wise differences between Concerta and
other drug formulations such as Metadate CD (273) and
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Ritalin LA (274), and between extended-release agents
(271). Swanson et al. (1999) (272) reported pharmacoki-
netic and pharmacodynamic data in support of the efficacy
of OROS technology. An ascending DA release-curve main-
tained efficacy for ADHD symptoms throughout the day,
whereas IR MPH lost 40% of its benefit in the afternoon
hours. Another advance is represented by the purified d-
threo MPH isomer, Focalin. Phase 2 studies demonstrated
pharmacokinetic activity comparable to IR MPH, yet with
superior efficacy to placebo up to 6 hours postdose (275).

Adderall and Adderall XR are compositions of mixed
salts of l-AMPH and d-AMPH. Absorption of AMPH from
the GI tract is rapid. Amphetamine metabolism occurs via
several pathways such as hydroxylation and de-amination
in the liver (276). However, the majority is excreted re-
nally, unchanged (277). The half-life of its behavioral ef-
fects is 3 to 6 hours, although clearance or serum half-life
is 12 to 20 hours. Due to the mixed nature of the com-
pounded formulation, variable pharmacokinetic curves
are likely. Ingestion of acid, such as ascorbic acid in juices,

will enhance renal clearance and possibly reduce efficacy
(276). Absorption of Adderall XR may be slowed in the
presence of food, unlike Concerta (278). Only minor dif-
ferences in Cmax and Tmax have been found in Adderall
XR absorption following fasting, sprinkled on food or
with a high-fat breakfast (279). Dexedrine is the d-AMPH
form of this molecule, and the behavioral half-life is 2 to
6 hours, with a clearance or serum half-life of 12 to 20
hours (Fig. 27.1).

The pharmacokinetics of pemoline produce maximum
plasma concentrations 2 to 5 hours after a single, 2 mg/kg
oral dose, followed by a slow decline in plasma concen-
tration over time. Marked interindividual variation in
elimination half-life and clearance may explain the un-
predictable nature of its pharmacodynamic effects (280).
In children, the mean elimination half-life of pemoline is
considerably shorter than the 11 to 13 hours reported in
adults (281). Pemoline undergoes hepatic metabolism,
with the remainder excreted renally (280); half is excreted
as unchanged drug.
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Pharmacodynamics

Stimulants’ putative mechanism of action is due to increased
synaptic concentration of catecholamines. Increased activity
of catecholamines in frontal-striatal pathways is implicated
in the mechanism of action in ADHD.

MPH increases striatal DA via blockade of the dopamine
transporter (DAT). DAT blockade is followed by increase in
DA and DA receptor activation (282). Dose-dependent
blockade has been observed; 78% DAT inhibition occurs at
a dose of 0.5 mg/kg IV, and 50% DAT inhibition at a dose
of 0.25 mg/kg orally (282). Several reports have described
reductions in striatal DAT density with MPH treatment
(283, 284). In addition, there is significant interindividual
variability of DA response to MPH, perhaps reflecting an
individual’s DA neuron and receptor density (282) as well
as pharmacokinetic variability.

Positron emission tomography (PET) scans following
administration of the d-threo MPH isomer compared with
the l-threo MPH isomer (285), and animal studies demon-
strated no therapeutic activity of the l-MPH isomer lending
support to efforts to purify the d-threo MPH isomer as
found in Focalin. d-MPH was found to have more than
three times the potency of l-MPH (286), with both greater
DA and NE uptake inhibition (287).

Amphetamine’s mechanism of action is slightly differ-
ent from that of MPH. In addition to DAT blockade, AMPH
is taken up into the terminal neuron, causing DA release
from storage vesicles within the neuron as well as release
into the synapse. Amphetamines also promote NE and 5HT
release during in vivo studies (288), as well as having pe-
ripheral adrenergic effects (for example, on heart rate and
blood pressure), but the clinical significance of any 5HT ac-
tivity is unknown.

Animal models suggest that the central stimulant effects
of pemoline may be due to catecholamine-uptake inhibi-
tion, causing indirect DA agonism similar to other stimu-
lants. For example, pemoline inhibited uptake of DA 
(competitively) and NE (noncompetitively) from striatum
and hypothalamus (289). The pharmacodynamic effects of
pemoline in youth have been described by Sallee et al.
(1992) (290), who correlated plasma pemoline concentra-
tion with psychometric measures and analyzed plasma pro-
lactin response to determine the physiological effect of pe-
moline on dopaminergic transmission.

Pharmacotherapy

The primary application of stimulants in pediatric psy-
chopharmacology is in the treatment of childhood atten-
tion deficit hyperactivity disorder (ADHD). Stimulants
may also offer benefit in other neuropsychiatric syn-
dromes, such as mental retardation, chronic fatigue 
syndrome, chronic depression, multiple sclerosis, and 
traumatic brain injury.

Attention Deficit Hyperactivity Disorder (ADHD)
The strength of evidence of this body of literature regarding
efficacy of stimulants in ADHD is Level, the highest, 
using AHRQ criteria of quality, quantity, and consistency of
scientific studies. Until the approval of atomoxetine (Strat-
tera), stimulants were the only FDA-approved class of 
medications indicated for treatment of ADHD.

Randomized Controlled Trials in ADHD
An extensive body of literature supports the shortterm effi-
cacy of stimulant medications in ADHD. The majority of
clinical trials involve Caucasian, latency-age boys treated
with stimulants (primarily MPH) for a short duration (291,
292). Improvement typically occurs in 65 to 75% of stimu-
lant treated subjects, compared to a 5 to 30% placebo re-
sponse (291).

Findings from the NIMH-sponsored Collaborative
Multisite Multimodal Treatment Study of Children With
Attention-Deficit/Hyperactivity Disorder (MTA) suggest
that school-age children with ADHD who received higher
and more frequent stimulant doses experienced better
outcomes than those children treated with lower and less
frequent doses (293, 294). Previously, however, others
(295) have noted a curvilinear response to stimulants;
lower doses produced improvements, with declines in
performance at higher doses. Dose-dependent efficacy has
been shown in core ADHD symptoms, cognitive function,
disruptive behavior, and, more recently, in broader
aspects of social-emotional well-being in ADHD youth
(296).

Efficacy of the different stimulants shows great individ-
uality in response rates. In one meta-analysis, Greenhill et
al. (1996) (297) found equal response to MPH and d-am-
phetamine in 40%, a greater response to MPH in 26%, and
a greater response to d-amphetamine in 35% of subjects
tested. An evidence-based review by the Agency for Health-
care Research and Quality (AHRQ) of 78 ADHD studies
found 23 studies that compared MPH, DEX, and pemoline,
and these studies showed few differences between these
drugs (292). However, another meta-analysis of four clini-
cal trials using Adderall and MPH in 188 children with
ADHD found a small, but statistically significant advantage
of Adderall over MPH (298).

Novel extended-release agents have demonstrated bio-
equivalence to the IR products (299, 300) as well as supe-
riority over placebo (301, 302). In a multicenter study 
comparing Metadate CD and Concerta with placebo in
children with ADHD, three different patterns of effective-
ness across the day were described, consistent with plasma
MPH concentrations: (1) Metadate � Concerta � placebo
in the morning, (2) Metadate � Concerta � placebo in the
afternoon, and (3) Concerta � Metadate � placebo in the
evening (301). These differences in clinical effect reflect the
differing proportions of immediate- and extended-release
drug in each proprietary formulation, indicating that
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attention to drug formulation in order to target specific
times of the day is worthwhile.

Pemoline has considerably less scientific support com-
pared to MPH and AMPH products. However, a compari-
son of pemoline to MPH and d-AMPH suggested similar 
efficacy in childhood ADHD (303), but with a longer du-
ration of action. Behavioral effects last up to 7 hours
postingestion (304). Randomized controlled trials have
demonstrated efficacy in both adolescent (2.88 mg/kg/day
in two divided doses) (305) and adult (2.2 mg/kg/day)
populations (306).

Tics With Comorbid ADHD
Despite concerns about the potential for stimulants to ex-
acerbate or even cause tics, longitudinal and naturalistic
studies show that stimulants have little impact on the long-
term course of tic disorders (307–309) and remain effective
in those children with ADHD comorbid with tic disorders
and Tourette’s (310). Tics are therefore no longer consid-
ered an absolute contraindication for the use of stimulants,
but rather a relative contraindication, especially consider-
ing that many children with chronic tic disorders will have
comorbid ADHD and could benefit considerably from
their use.

Mood Disorders
Stimulants have a role in the management of adult and
geriatric unipolar depression, especially in the medically
compromised, such as persons suffering from poststroke
depression and prominent apathy. However, there is no
known controlled evidence for the use of stimulants in 
depressed youth. Studies to evaluate stimulant effects in
bipolar youth with comorbid ADHD are proceeding. One
systematic chart review of bipolar youth found greater effi-
cacy in treating ADHD symptoms following prior mood stabi-
lization (311) supporting clinical judgment to address the
primary mood symptoms before ADHD symptoms.

Autism/Pervasive Developmental Disorders With
Comorbid ADHD
Symptoms of ADHD are prevalent in children with autism
and pervasive developmental disorders, yet there is little
controlled evidence to support the efficacy of stimulants in
this population. A small placebo-controlled trial of
methylphenidate (0.3 to 0.6 mg/kg/day) conducted in chil-
dren with autism and symptoms of attention deficit hyper-
activity disorder (312) found MPH to be beneficial, but
poorly tolerated at the higher dose range.

Mental Retardation Syndromes with 
Comorbid ADHD 
ADHD symptoms are frequently manifest in children with
mild to moderate mental retardation (MR) and appear
phenomenologically similar to ADHD outside the context
of MR. Yet, while expert consensus opinion supports the

use of psychostimulants as the first-line treatment for
ADHD in MR (313), low-IQ children with ADHD may re-
spond to psychostimulants with lower or more variable
rates, as well as experience increased rates of adverse effects
compared to normal-IQ children. Lower-functioning chil-
dren (314) and children with genetic syndromes, such as
fragile X, may be the most vulnerable (315–317).

Seizures With Comorbid ADHD
The prevalence of ADHD symptoms in patients with
epilepsy ranges from 40 to 80% (318). Seizures, epilepti-
form discharges, antiepileptic drugs (AEDs), and underly-
ing brain disease may all contribute to the presence of 
inattention in these children (319–321). Open and retro-
spective study has demonstrated relative safety and efficacy
of stimulants in small samples of children with ADHD and
seizures (320). Like those with MR, children with seizures
are generally excluded from controlled drug trials, along
with other physically ill youth. However, two controlled
trials report on the benefit of stimulants in ADHD children
with epilepsy (322, 323).

Traumatic Brain Injury
ADHD-like symptoms and mood disorders have been 
described as the most common lifetime and new-onset dif-
ficulties associated with traumatic brain injury (TBI) in
children (324). A controlled trial in pediatric neurosurgical
subjects cites efficacy of MPH in a small cohort of children
with acquired attentional disorders secondary to brain in-
jury (325). Whyte et al. (2002) (326) reviewed the use of
stimulants in adults with TBI that describes their role.

Uses in Other Neuropsychiatric Conditions 
Psychiatric illness in children and adolescents with neuro-
logical or other general medical illness may represent a pri-
mary coincident diagnosis, illness secondary to a primary
brain or other organ system disease, or some complex in-
terplay of these factors. Effective management of ADHD
symptoms in children who are deaf or hard of hearing 
requires comprehensive and coordinated services (327).
Stimulant efficacy in adult narcolepsy has been established,
but there are no known applications in pediatric primary
sleep disorders.

Initiation and Maintenance of Psychostimulants

Initiation
Standard informed consent with parents or guardians is 
the first step in initiating treatment. Common, mild, and
dose-related side effects should be anticipated. As always,
clinicians should conduct a thorough medical history in
the context of a comprehensive psychiatric evaluation. As
promulgated by the American Heart Association in large
part to screen for those at risk for sudden death, clinical his-
tory should include assessment of family history of heart
defects, sudden early death, or child history of congenital
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or acquired cardiac problems. At intake and with treat-
ment, practitioners should query for syncope, palpitations,
or chest pain whether associated with exertion, postexer-
tion, or at rest (328). ECGs are not recommended in rou-
tine patients either at baseline or with active stimulant
treatment. With any concerning family or patient history,
clinicians should consult with primary care physicians and
consider cardiology consultation. Due to potential serious
liver injury and failure, pemoline is not considered a first-
line agent.

Using a stimulant medication involves consideration of
practical matters such as time of onset and duration of ac-
tion. In those children with prominent schoolday symp-
toms, IR or SR products may be indicated, whereas chil-
dren with symptomatic impairment throughout the day
and into early evening hours may benefit from the newer
8- to 12-hour ER formulations. A combination of IR and
SR or ER products is also possible and commonly em-
ployed to obtain individually tailored symptom coverage.
MPH and AMPH differ in potency by a ratio of about 2:3.
As such, appropriate dosing for MPH is 0.5 mg/kg/day to
2 mg/kg/day and AMPH 0.5 mg/kg/day to 1 mg/kg/day.
Optimal dosing is the lowest effective dose. Children with or-
ganic brain disease may be more sensitive to CNS active
psychotropic drugs and the general rule of “start low, go
slow” applies.

Maintenance and Monitoring
As suggested by the AACAP and American Academy of Pe-
diatrics, the use of stimulants for ADHD should involve
collaboration with families, schools, primary care
providers, and other mental health professionals in order
to achieve targeted outcomes and to monitor other co-
morbid conditions and psychosocial stressors. Education
and behavioral management combined with pharma-
cotherapy may offer optimal results for an individual
child (294).

In monitoring ADHD symptom response, those with in-
tolerable adverse effects or lack of efficacy with an adequate
trial of a first agent should receive a trial of an alternate
stimulant. Combination treatment with SR or ER agents
may be helpful, such as addition of a small, late afternoon
dose of IR drug for management of evening symptoms.
Clinical experience suggests that mood lability and re-
bound phenomena may be less problematic with SR or ER
agents, which provide slower fluctuations in blood levels,
avoiding the plasma peaks and rapid troughs produced by
IR products.

No routine laboratory studies are indicated in mainte-
nance MPH or AMPH stimulant therapy. Vital signs and
growth parameters should be routinely monitored (see
safety section below). Routine monitoring of pemoline
concentration is not useful due to the wide variation in op-
timum serum concentration and the linear relationship be-
tween dose and serum concentration (281). However,
monitoring of liver function is advised.

Safety
Mild and dose-related side effects include insomnia, GI up-
set and abdominal pain, reduced appetite, headache, and
behavioral or mood changes, such as irritability or height-
ened anxiety. In the Agency for Healthcare Research and
Quality evidence-based review of 29 ADHD studies evalu-
ating adverse effects of therapy, side effects were generally
mild and dose related (292).

Concern about the longterm effects of psychostimu-
lants on growth followed several decades of the use of
stimulants in children. Spencer et al. (1996) reported that
the modest height deficits (2 cm) in a large sample of
ADHD boys were unrelated to stimulant treatment. This
finding was similar to prior reports of height deficits of 1
to 3 cm (329). Minimal deficits in height and weight have
also been reported with once-daily products, including
Concerta (243) and Adderall XR (330). In a thorough re-
view of the evidence, Spencer et al. (2003) (331) sug-
gested that observed height deficits could represent disor-
der-specific developmental delays. In a 9-month study of
OROS MPH, adolescents demonstrated greater than ex-
pected growth in height during stimulant treatment, pos-
sibly representing catch-up growth (332). A temporary re-
tardation in the rate of growth in weight and height with
later catch-up growth has also been observed in children
treated with pemoline (333).

In one review, Spencer (2003) (243) found that stimu-
lants transiently exacerbate tics in some children. However,
because ADHD typically has its onset several years earlier
than tic disorders and many children are already taking
stimulants at the time of peak risk for tic onset, a cause–ef-
fect relationship is difficult to ascertain. Animal studies
have found that stereotypic and self-injurious behaviors
may be enhanced in the setting of underlying cortical dam-
age (334) as may be found in certain pediatric neurological
syndromes. Nonetheless, as noted earlier in the treatment
section, stimulants may be very helpful for some children
with tics and ADHD symptoms.

Children with poorly stabilized mania could experience
explosive outbursts with methylphenidate (335). One 
review discusses the risk of stimulants in those at risk, 
(i.e., those with vulnerability for psychosis) and in situa-
tions of stimulant abuse (336).

In one sample, comorbid anxiety did not influence ei-
ther the tolerability or the efficacy of MPH (up to 0.7
mg/kg/day) upon ADHD symptoms (Diamond et al.,
1999) (337).

Modest yet statistically significant elevations in systolic,
diastolic blood pressure and heart rate were demonstrated
in a review of five RCTs of stimulants and nonstimulants in
adults with ADHD (41). Similar minor and clinically in-
significant adverse cardiovascular effects have been noted
with both methylphenidate and Adderall in samples of
children and adolescents (338). Cardiac conduction effects
with stimulant use have been infrequently reported, but
their clinical importance is uncertain (339).
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In February 2005, Health Canada suspended the mar-
ket authorization of Adderall XR based on safety informa-
tion concerning the association of sudden deaths, heart-
related deaths, and strokes in children and adults taking
Adderall and Adderall XR. A public health advisory by
FDA followed this report (www.fda.gov). The FDA advi-
sory describes important complicating factors in sudden
unexplained deaths (SUDs) in persons taking Adderall. In
5 of 12 cases, underlying structural heart defects were
found, such as abnormal arteries, valves, and thickened
walls. Several of the remaining cases included other vari-
ables, such as a family history of ventricular tachycardia or
association of death with dehydration, near-drowning,
rigorous exercise, heat exhaustion, or liver or metabolic
(diabetes) disease. Duration of treatment varied widely in
these cases, from 1 day to as many as 8 years. In consid-
ering these reports, it is important to recognize the back-
ground population rate for sudden unexplained death
(SUD) in children and adolescents varies from 1 to
6/100,000; higher in competitive athletes and in adoles-
cence (340). With 20 cases of SUD per 4 million patient
Adderall exposures (adjusted per year), the rate of SD is
0.5/100,000. While the rate of underreporting of SD in
children and adolescents is unknown, if one-tenth are re-
ported, the SD rate associated with Adderall administra-
tion would remain less than or equal to the population
rate of SD. According to the FDA, the number of cases of
sudden deaths reported for Adderall is only slightly
greater, per million prescriptions, than the number re-
ported for methylphenidate products. It is also important
to remember that the stimulants (including Adderall)
have relatively benign cardiovascular effects and have no
effects on the QTc duration of the ECG.

Reports of pemoline hepatotoxic drug reactions sent to
the FDA between 1975 and 1996 were reviewed by Safer
et al. (341). In premarketing trials of the early 1970s, hep-
atic enzyme abnormalities were noted in 1 to 3% of youth
receiving maintenance treatment, with some abnormali-
ties confirmed by biopsies. Between 1975 and 1989, 12
cases of jaundice and 6 deaths in youths ascribed to pe-
moline hepatotoxicity were reported to the FDA. How-
ever, the first report in the medical literature of a serious
adverse drug reaction ascribed to pemoline did not appear
until 1989, and physicians did not generally became
aware of potentially serious pemoline hepatotoxicity until
the mid-1990s, by which time there had been 13 cases of
liver failure, with 11 resulting in death (342, 343). Al-
though the majority of cases of pemoline-associated hep-
atic injury have been in youth under 12 years of age
(344), adult cases of liver failure exist as well (345). An
idiosyncratic metabolic process (344) and an autoim-
mune process (346) have been proposed as pathogenetic
mechanisms.

Concerns about abuse of stimulants have been long-
standing and drawn considerable attention from some or-
ganizations that are philosophically opposed to the use of

psychoactive medications. Without question, isolated
cases of stimulant abuse do occur, predominantly in ado-
lescents and often in school settings where stimulants
may be readily available. Mood disturbance and nasal
septum necrosis (from snorting) are possible results.
However, orally administered MPH has a considerably
slower rate of uptake centrally, compared with intra-
venous MPH, and PET studies show that although intra-
venous MPH has rapid central uptake, this is followed by
slow clearance from the brain. These characteristics inter-
fere with the mood elevation produced by frequent ad-
ministration, unlike cocaine, which is rapidly cleared
from the brain (347). Newer and longer-acting agents are
much less likely to be abused due to the nature of their
formulations. Despite concerns regarding abuse, it should
be noted that nonmedicated ADHD patients are at much
higher risk for substance abuse than controls and medi-
cated ADHD patients due to their impulse-control deficits
and novelty-seeking behaviors (348). Therefore, with-
holding psychostimulant medication from genuine cases
of ADHD for fear of stimulant abuse is not supported by
the scientific evidence. In cases where abuse is a concern,
careful monitoring is nevertheless required.

In those with a seizure disorder, some reports suggest
a lowering of the seizure threshold with stimulants 
(349, 350).

Drug Interactions
Following an extensive review, Markowitz et al. (351) con-
cluded that the only true contraindication to the use of
stimulants is coadministration of MAOIs; their combina-
tion may result in serious hypertension. Notably, stimu-
lants do not increase serum levels of TCAs (268), nor do
there appear to be serious side effects in combining these
treatments (352). However, isolated reports of drug inter-
actions can be found in the literature, such as grand mal
seizures with bupropion and methylphenidate combined
or pharmacokinetic interactions between cyclosporine and
bupropion or methylphenidate (353, 354). From a clinical
standpoint, such interactions are rarely a concern.

Despite isolated concerns stemming from reported pos-
sible cases of pediatric sudden death with combination
MPH and clonidine (355), the FDA could not cite a causal
link after investigating this matter. Hypotension was
found in all cases, but it was not clearly due to a drug in-
teraction. Subsequent studies found no EKG changes with
clonidine treatment (356), though one small sample
showed slight increased PR interval with combination
MPH and clonidine therapy (357). Current expert con-
sensus opinion supports continued combined use of
stimulant and clonidine as an appropriate treatment op-
tion (358).

Markowitz (359) reviewed the risks of drug interactions
between MPH and antiepileptic drugs (AEDs). In general
the risks were considered negligible, but there are case re-
ports of MPH inhibition of phenytoin and primidone
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metabolism as well as carbamazepine lowering MPH
plasma levels.

Overdose
Klein-Schwartz (2003) (360) reviewed 7 years of pediatric
MPH exposures across U.S. poison centers and found
tachycardia, agitation, and hypertension to be the most
common events. In only 0.9% of 759 cases were outcomes
considered severe. Nakamura et al. (2002) (361) de-
scribed five pediatric cases of excessive pemoline inges-
tion. Overall, patients experienced a relatively benign
course. Symptoms of pemoline toxicity occurred within 6
hours, lasted up to 48 hours, and were related to CNS and
cardiovascular pharmacological effects, with tachycardia,
hypertension, choreoathetoid movements, and hallucina-
tions. Elevation of serum creatine phosphokinase (CPK)
was also observed in 3 of 4 patients.

ATOMOXETINE

Atomoxetine, approved by the FDA in January of 2003, is
inherently interesting for a number of reasons. It is the first
medication approved for the treatment of ADHD that is not
a stimulant, the first medication specifically approved for
the treatment of ADHD in adults, the first psychiatric med-
ication that has been approved for use in children before
adults, and the first of a new generation of selective nora-
drenergic reuptake inhibitors. The rapid increase in pre-
scriptions written over its first year (more than 4 million
written and more than 1 million children initiated into
treatment) testifies to the many gaps and frustrations that
practitioners face in the pharmacological treatment of
youth and adults with ADHD, despite the long history and
success of the stimulants. It is increasingly likely to be used
as a first-line agent for newly diagnosed children with
ADHD. The research into atomoxetine is far and away the
most robust in pediatric psychopharmacology, as the num-
ber of children studied through industry-sponsored trials
and the duration of longterm safety and tolerability trials
are an order of magnitude greater than with any previous
drug. At least 10 different RCTs of atomoxetine using mul-
tisite design have been done, and the comulative number
of children studied is around 5,000, some studied over 3
years.

Pharmacokinetics

Atomoxetine is rapidly absorbed following oral adminis-
tration and peaks in 1 to 2 hours. High-fat meals slow
absorption slightly so that peak levels are delayed by an
hour or 2, and the peak serum levels are about 10%
lower. However, the total AUC and extent of absorption
is unaffected by food. The serum half-life of this agent is
relatively short, about 5 hours. Based on this observa-
tion, it was originally conceived that atomoxetine would

be administered as a twice-daily dose, hence the limited
dosing formulations available currently. Later observa-
tions led to further single daily dose studies and in gen-
eral, single daily administration is equally effective for
the majority of patients. Atomoxetine is a substrate for
the CYP2D6 hepatic enzyme and demonstrates linear
pharmacokinetics. It does not itself inhibit or induce any
hepatic enzymes, but CYP2D6 deficiency or inhibition
will substantially increase its serum levels and extend
half-life (362), though even poor metabolizers tolerate
atomoxtine extremely well. The parent drug is hydroxy-
lated to a metabolically active compound, which circu-
lates at very low levels and is not clinically significant,
before being excreted in the urine. Neither renal nor
hepatic deficiency substantially increase risk of its ad-
ministration.

Pharmacodynamics

Inhibition of monoamine transporters for NE, serotonin
(5 HT), and DA with dissociation constants (Ki) of 5, 77,
and 1,451 nanomolar, respectively, suggests good NE se-
lectivity as well as potency. There is little to no activity at
receptors of the serotonin, norepinephrine, dopamine,
histamine, adrenergic or muscarinic type, and the adverse
effect profile reflects this characteristic. Animal studies
have suggested that extracellular dopamine is increased in
prefrontal cortex (but not nucleus accumbens or striatum)
via nonspecific monoamine uptake inhibition or stimula-
tion of ventral tegmental NE neurons projecting to the
cortex (363).

Clinical Pharmacology

The impetus to study atomoxetine came from studies of
secondary amine tricyclics in ADHD (see tricyclic section
presented earlier). Spencer et al. (1998) (364) first explored
atomoxetine in double-blind fashion in 22 adults with
ADHD and found a robust response. Two subsequent early
identical proof-of-concept 12-week studies (365) in 291
children randomized to either placebo, atomoxetine, 
or methylphenidate found highly significant effects 
(p � 0.001) for atomoxetine over placebo on the clinician-
scored parent-reported ADHD symptom rating scale. The
study was not powered to detect differences in effect sizes
between the drugs, but in this study no differences in pri-
mary outcomes measures were detected between them
(366). Once-daily treatment was seen to be as effective as
twice-daily dosing studies with an effect size of 0.71 as re-
ported by parents, teachers, and clinicians. Further, parent
diary ratings suggested that drug-specific effects were sus-
tained late in the day following morning dosing (367).
Many practitioners have found, however, that the overall
effect size of atomoxetine is less than that of the stimulants
in uncomplicated ADHD subjects. Preliminary evidence in-
dicates that atomoxetine does not exacerbate tics and may
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even be helpful in decreasing tics in those with comorbid
tics and ADHD (368).

Initiating and Maintenance
Dose response studies found that, in the pooled sample, 1.2
mg/kg/d and 1.8 mg/kg/d of atomoxetine were consistently
associated with superior outcome in ADHD symptoms ver-
sus placebo, but they were not significantly different from
each other (369, 370). Dose response curves are linear be-
tween zero and the target dose of 1.2 to 1.4 mg/kg/d, how-
ever. Thus, the recommended daily dose follows these
guidelines with initiation at 0.5 to 0.8 mg/kg/d and increas-
ing to target dose over several days to several weeks 
depending on tolerance. Because weight-adjusted doses
provide reliable and similar blood level profiles at different
weights and ages, weight-based dosing is an appropriate
strategy at all ages. Abrupt discontinuation in both children
and adults pooled from four large studies of atomoxetine
did not appear to be associated with any acute discontinua-
tion syndrome and was well tolerated although symptoms
of ADHD worsened (371).

Safety
All clinical studies have demonstrated good tolerability
and safety with discontinuation rates due to adverse events
generally very low (�5%) (367, 369). Cardiovascular ef-
fects were evaluated in a large group of children and ado-
lescents and showed statistically significant but modest 
increases in diastolic blood pressure and heart rates consis-
tent with its noradrenergic profile. These increases usually
occurred early in treatment, stabilized, and returned to nor-
mal levels upon drug discontinuation. Corrected QT inter-
vals (QTc) did not change from baseline, and routine EKG
monitoring is not required (372). Routine laboratory mon-
itoring of hematological, renal, hepatic, or thyroid indices
and serum levels is not required, avoiding any need for
blood tests.

While more than 2 million patients have taken Strat-
tera since its approval, there have been two postmarketing
cases (one adolescent, one adult) of severe liver injury.
Based on these reports, the FDA issued a warning (De-
cember 2004) that is also included in the package insert.
In both cases, liver function returned to normal after
Strattera was stopped. Because of the rarity of this event,
routine liver function assays are not recommended, but
any sign of possible injury such as jaundice or malaise
should be reported.

Common adverse events include sedation (the com-
monest side effect), abdominal discomfort, and decreased
appetite. Other adverse events did not separate from
placebo in pediatric studies but included insomnia, uri-
nary retention, and dizziness in adults. Mood lability has
also been observed anecdotally but is less common than
with the stimulants. The apparent absence of dopaminer-
gic activity in the nucleus accumbens and striatum predict
little abuse liability and adverse effects of tics, consistent

with clinical experience. Based on baseline percentiles,
there is an initial slight decrease in expected weight gain
with a return to predicted growth rates with longer-term
treatment. Effects on growth rates for height were even
smaller (373).

MOOD STABILIZERS: LITHIUM 
AND ANTICONVULSANTS

Neuropsychopharmacology

This group of medications includes lithium, the older an-
ticonvulsants sodium valproic acid (VPA), and carba-
mazepine (CBZ) and some relatively novel agents, includ-
ing gabapentin, lamotrigine, tiagabine, oxcarbazepine,
and topiramate. The anticonvulsants are used in the man-
agement of pediatric seizure disorders (374). While in-
creasingly used for pediatric bipolar disorder, there is lit-
tle controlled scientific evidence for anticonvulsant use in
children with mental disorders, and their application
stems largely from extrapolating evidence from the litera-
ture on adult mood disorders, which, in contrast, is ex-
tensive. Efficacy of the anticonvulsants in adults is re-
flected by several FDA indications for adults with bipolar
disorder.

Lithium/Valproic Acid/Carbamazepine

Lithium
Lithium is absorbed from the gastrointestinal tract at vari-
able rates depending on the formulation of the tablet or
capsule (IR versus extended release preparations). As a
simple ion, lithium is distributed widely in body fluid
and tissue and is not protein bound. The intracellular reg-
ulation of lithium is complex. Lithium does not undergo
metabolism and is excreted renally. Because children and
adolescents have higher relative body water volume and
renal glomerular filtration rates compared with adults
(375), studies show that lithium in children has a shorter
elimination half-life and higher total clearance despite
generally similar pharmacokinetics to adults (376).
Moore et al. (2002) (377) used 7lithium magnetic reso-
nance spectroscopy (MRS) to measure in vivo brain
lithium levels in nine children and adolescents and 18
adults with bipolar disorder. While serum and brain
lithium concentrations were positively correlated,
younger subjects had lower brain-to-serum concentration
ratios than adults: 0.58 versus 0.92. Therefore it was sug-
gested that children and adolescents may extrude lithium
more effectively from neurons; therefore youth may re-
quire higher serum lithium concentrations than adults to
achieve therapeutic brain lithium concentrations. Many
formulations of lithium are available, including Lithium,
Lithobid, and Eskalith CR, which vary in Cmax and AUC
(378, 379).
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Valproic Acid and Carbamazepine
VPA is readily absorbed after oral ingestion, is significantly
protein bound, and undergoes hepatic metabolism via mi-
tochondrial beta-oxidation and CYP450 glucoronidation.
Its metabolism may be accelerated with coadministration
of CYP450-inducing agents (380). The clearance of val-
proic acid correlates with concentration of the unbound
fraction and is age dependent, decreasing progressively
from infancy to 14 years. For these reasons, the correlation
between weight-adjusted dose, plasma concentrations, and
efficacy is poor. Time to peak plasma concentration (Tmax)
occurs within 3 to 4 hours after ingestion of Divalproex
sodium delayed-release (DR), while the half-life (T1/2) is
relatively short at 8 to 17 hours. These pharmacokinetic
properties require that divalproex sodium DR be adminis-
tered in a twice-daily dosing regimen. The FDA approved
an extended-release (ER) formulation of divalproex
sodium, and this once-daily formulation offers 89%
bioavailability and 10 to 20% less plasma fluctuation com-
pared to divided dose divalproex with maximum plasma
concentrations (Cmax) occuring at 7 to 14 hours. In pedi-
atric studies, Depakote ER produced plasma concentration-
time profiles similar to those observed in adults (Abbott,
Depakote prescribing information).

Absorption of carbamazepine is gradual and erratic fol-
lowing oral ingestion. CBZ is highly protein bound and is
extensively metabolized in the liver, generating multiple
metabolites including the toxic epoxide. Autoinduction
(induction of CYP450 enzymes for which it is a substrate)
occurs with continued use, with a subsequent reduction in
half-life and doubling of clearance rate over the first 2 to 3
months (380). Both metabolic conversion of carba-
mazepine, as well as renal clearance, are much higher in
younger children than in adults, so that its half-life is
shorter. Oxcarbazepine (Trileptal) (OXC) is a closely re-
lated but different molecule from CBZ that yields different
metabolites via primary reduction with no epoxide
metabolite, reducing potential toxicity. Autoinduction
does not occur, protein binding is low, and OXC pharma-
cokinetics are linear. Although the agent has minimal
CYP450 activity, oxcarbazepine may induce CYP3A4/5 at a
higher dose and inhibit CYP2C19 (Novartis, Trileptal pre-
scribing information).

Pharmacodynamics

Lithium
Molecular studies suggest that lithium affects neurotrans-
mitter systems by altering intracellular signal transduction
mechanisms such as phosphoinositide hydrolysis, adenylyl
cyclase, G protein, glycogen synthase kinase-3 beta, and
protein kinase C. Such mechanisms produce longterm
changes in signaling patterns and levels of cytoskeletal pro-
tein phosphorylation, leading to neuroplastic changes
(381). Longterm neurotrophic and neuroprotective effects
of lithium are indicated by increases in human gray matter,

N-acetyl-aspartate concentrations, and other markers of
neuronal viability. (382).

Valproic Acid and Carbamazepine
Direct neuronal effects of valproic acid (VPA) include
blockade of voltage-dependent sodium channels and in-
creased calcium-dependent potassium conductance (374).
Indirectly, metabolically mediated increases in GABA levels
and altered DA and N-methyl D-aspartate (NMDA) activity
may underlie its activity (380). Carbamazepine also blocks
sodium-dependent channels but decreases depolarization-
dependent calcium uptake (374). Inhibition of sodium
channel activity appears to be the primary mechanism of
anticonvulsant action for both CBZ and OXC (383) (Table
27.13).

Pharmacotherapy

Mood Disorders
There is an extensive literature for lithium, VPA, and CBZ in
adult mood disorders. Although anticonvulsant agents are
increasingly being used in the management of juvenile bipo-
lar disorder, controlled studies in this population are diffi-
cult to conduct. However, controlled trials are emerging, and
treatment algorithm have been presented in an attempt to
offer consensus guidelines to clinicians. Monotherapy with
lithium, divalproex, and carbamazepine (in addition to
atypical antipsychotics) are among first-line treatments for
juvenile bipolar disorder (384).

Child psychiatrists should be aware of adult endeavors,
such as the NIMH Systematic Treatment Enhancement Pro-
gram for Bipolar Disorder (STEP-BD), a longterm outpatient
project that aims to discover which treatments are most ef-
fective for depression and mania, as well as prevention of re-
current episodes (www.stepbd.org). Although these agents
are generally studied individually in RCTs, monotherapy is
the exception and not the rule. The propensity for pharma-
cotherapy that combines anticonvulsants or anticonvulsants
and atypical antipsychotics has been similarly observed in
pediatric bipolar samples (385, 386).

Lithium
In adults, lithium has shown efficacy in multiple controlled
trials of acute mania, acute bipolar depression, and 
prophylaxis of adult bipolar disorder, and it is also the 
only psychotropic to demonstrate decreased suicidality
(387–389). A pooled analysis on episode recurrence from
24 studies over 30 years found recurrence rates for those
not on lithium averaged 18 times greater than those on
lithium. In addition, recurrence rates for patients on
lithium decreased fivefold from the 1970s to 1990s (390).
Unfortunately, lithium is often inadequate as maintenance
monotherapy; only 14% of 247 bipolar persons remaining
on lithium achieved euthymia at 5 years, and approxi-
mately half achieved only partial improvement (391). Yet
adjunctive antidepressant therapy in bipolar disorder
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depressive episodes has never been more effective than
lithium monotherapy.

In pediatric populations, there are limited published con-
trolled data in bipolar disorder to date. Several early studies
of lithium demonstrating benefits in mood, aggression, and
psychosis were methodologically limited, including small
sample size and crossover design (392). These studies in pe-
diatric bipolar disorder (393–395) reported findings similar
to a larger open trial for acute mania in adolescents with
bipolar disorder I (396), where approximately 50 to 55% of
subjects met criteria for remission using the Young Mania
Rating Scale (YMRS). In the only published RCT lithium
trial, Geller et al. (1998) (397) completed a small, double-
blind parallel group trial of lithium for adolescents with
bipolar spectrum disorder and substance dependence. Using
global measures, significant improvement was evident in
46% of the lithium-treated sample compared to 8% of the
placebo-treated group. The mean serum lithium drug level
for completing responders was 0.88 mEq/L.

Valproic Acid and Carbamazepine
There have been no randomized controlled trials pub-
lished to date using VPA or CBZ for pediatric bipolar dis-
order. Several open reports describe efficacy of VPA in
bipolar youth, such as that by Papatheodorou (398). Ox-
carbazepine and CBZ use in bipolar youth has also been 
reported, including case reports of efficacy in refractory
childhood mania (399, 400). Comparative treatment tri-
als using open-label lithium versus divalproex sodium
(401) and randomized lithium versus divalproex versus
CBZ but without placebo control (402) have been re-
ported. The latter study suggested effect sizes of 1.06 for
lithium (38% response), 1.63 for divalproex (53% re-
sponse), and 1.00 for CBZ (38% response) in children
and adolescents with bipolar I or II disorder. The majority
of responders at the end of the continuation phase were
on combination therapy (either a stimulant or a second
anticonvulsant). Supporting this, a retrospective chart re-
view of hospitalized bipolar preadolescents (403) found
that by week 2, both lithium and VPA may be more effi-
cacious than CBZ.

Multiple open and controlled trials of VPA in adult bipo-
lar disorder show efficacy similar to lithium. Bowden et al.
(2000) (404) compared the 1-year outcome of prophylaxis
treatment with lithium, VPA, and placebo showing that
VPA but not lithium was significantly better than placebo
in preventing relapse. In a meta-analysis, Hirschfeld et al.
(2003) (405) reported that oral loading of VPA leads to a
more rapid antimanic effect compared with standard titra-
tion of divalproex, lithium, or placebo. Gyulia et al. (2003)
(406) reported that divalproex-treated adults on mainte-
nance therapy had less worsening of depressive symptoms
than lithium-treated patients and reduced depressive
episodes relapse. Rapid cycling or mixed mania has been
suggested to be predictive of a good VPA response (380).
Carbamazepine has demonstrated efficacy in RCTs in

adults with mania, comparable to lithium, but there is less
evidence supporting its usefulness in treatment of bipolar
depressive episodes and in maintenance therapy (380). Ox-
carbazepine may be useful for adults with mood disorders
as well. Open studies demonstrate mild to moderate im-
provement in refractory bipolar disorder, including de-
creased irritability and improvement in depressive symp-
toms (407–410).

Aggression and Conduct Disorder 
Expert consensus opinion supports the use of VPA, CBZ,
and lithium in the management of aggressive adults with
mental retardation (313). There are case reports (411), but
no controlled trials of these agents in youth with MR. How-
ever, anticonvulsants, particularly VPA, have been found ef-
fective in the management of a range of neurobehavioral
symptoms in patients with a history of brain injury
(412–414).

Biederman et al. (1999) (415) presented compelling
data in defining a dysphoric subtype of conduct disorder,
noting that a positive response to mood stabilizers in levels
of aggression in conduct-disordered children could be due
to their antimanic effects, suggesting a comorbid bipolar
disorder in some children with conduct disorder (CD).

There have been multiple shortterm controlled trials of
mood stabilizers, primarily with lithium, in inpatient and
outpatient youth with CD, with mixed results overall (416,
417). For example, Malone et al. (418, 419), examined the
effectiveness of lithium for aggressive conduct-disordered
inpatients showing a significantly superior response in the
lithium group (16/20) compared to the placebo group
(6/20). More recently, Steiner et al. (2003) (417) com-
pleted a randomized controlled trial of VPA in youth with
conduct disorder, demonstrating dose-dependent effects
(53% response with high dose versus 8% response with
low-dose VPA). The one published controlled trial of CBZ
in aggressive youth did not find significant benefit com-
pared to placebo (420).

Pervasive Developmental Disorders 
Anticonvulsants are commonly used in autistic spectrum
disorders, due to the increased prevalence of epilepsy in
these children. Open reports suggest improvement in social
and behavioral domains in autistic subjects with epileptic
discharges (421). They may also target underlying associ-
ated affective disorders (422).

Initiating and Maintenance of Medication
Standard informed consent with parents or guardians and
assent by the child or adolescent is the first step in initiat-
ing medication. A medical history of cardiac disease, thy-
roid disease (lithium), renal impairment, psoriasis
(lithium, CBZ), liver disease (VPA, CBZ), blood dyscrasia
(VPA, lithium, CBZ), and pregnancy (VPA, lithium, CBZ)
are potential contraindications to initiation of a mood sta-
bilizer. Baseline laboratory studies including complete
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blood count (CBC), liver function tests (LFTs), electrolytes,
thyroid stimulating hormone (TSH), urine, and, where in-
dicated, pregnancy test, are recommended. An EKG to as-
sess baseline intervals may be appropriate as well. Sexually
active female patients should be counseled about the rela-
tionship between anticonvulsants and teratogenicity, and
they should be assessed for baseline menstrual irregulari-
ties (VPA). Although rarely utilized as pharmacotherapy in
infants and toddlers in child psychiatry, before initiating
VPA, clinicians may perform screening tests, such as serum
ammonium, amino acids, blood gases, lactate-pyruvate ra-
tio, urinary organic acids, and free and total serum carni-
tine to rule out underlying metabolic disorders in children
under the age of 2 years in order to decrease risk of fatal
hepatotoxicity.

Lithium should be initiated at the lowest possible dose
in children, and at 300 mg qhs in adolescents, depending
on weight. Dosages are increased every 2 to 4 days, in in-
crements of the starting dose, reaching the target dose in 2
to 4 weeks. Rapid titration could increase the incidence of
adverse effects. Patients should be advised to maintain
good hydration and cautioned regarding use of NSAIDs,
such as ibuprofen, which may elevate lithium levels.

VPA should be initiated at the lowest possible dose in
younger children (125 mg/d) and at 250 mg qhs in older
children and adolescents, depending on weight. Dosages
may be increased every 2 to 4 days, in increments of the
starting dose, reaching a target dose in 2 to 4 weeks. De-
pakote sprinkle capsules (sodium valproate and valproic
acid) are useful for children who are unable to tolerate val-
proate suspension, tablets, or capsules.

Carbamazepine should be initiated at the lowest possi-
ble dose in children, and at 200 to 300 mg/day in divided
doses in adolescents, depending on weight (adult dose may
be 200 to 600 mg divided twice a day). Dosages may be in-
creased every 2 to 4 days, in increments of the starting dose,
reaching a target dose in 2 to 4 weeks. Carbatrol is a new
formulation composed of 25% IR beads, 40% ER beads,
and 35% Enteric release beads (Shire Pharmaceuticals).
Oxcarbazepine should be initiated at the lowest possible
dose in children, and at 300 mg qhs in adolescents, de-
pending on weight. The dose target is based on weight (900
mg/d in 20 to 29 kg; 1200 mg/d in 30 to 39 kg; 1800 mg/d
in �40 kg).

Maintenance/Monitoring
Practice guidelines and expert reviews in the adult and
pediatric psychiatry literature provide guidance on the
complex issues of medication monitoring and mainte-
nance. APA guidelines for lithium monitoring suggest
checking renal function every 2 to 3 months and thyroid
function every 3 to 6 months in the first 6 months, and
then every 6 to 12 months thereafter (423). Monitoring of
lithium blood levels is indicated to achieve the narrow
therapeutic and safety window of 0.5 to 1.2 meq/L. The

range of 0.6 to 0.8 meq/L may be most commonly uti-
lized in adult practice (423). However, maintenance at a
constant blood level may be more important than the
level itself. By convention, lithium levels are drawn 12
hours after last dose, after reaching steady state or about 5
days after dose adjustment.

As most serious adverse effects with anticonvulsants
occur in the initial 2 to 3 months, monthly blood
screening (CBC, LFT) for the first 3 months has been rec-
ommended, followed by monitoring at three to six
monthly intervals or as clinically indicated. Indications
for anticonvulsant monitoring in children include: (1) at
beginning of therapy to confirm serum levels are in the
therapeutic range, (2) to monitor for noncompliance,
(3) during growth spurts when serum levels may change
unexpectedly, (4) during combined pharmacotherapy
due to potential drug interactions, (5) symptoms and
signs of toxicity, (6) patients with liver or kidney disease,
and (7) disabilities that make evaluation of drug effect
difficult (374).

Standard practice with VPA in adults typically includes
safety monitoring of hematological parameters and liver
function at a minimum every 6 months (423). Blood level
monitoring in VPA is indicated to achieve the therapeutic
and safety window of 50 to 125 ug/ml. Blood for VPA lev-
els is usually drawn at trough, prior to next dose, and after
steady state is reached or about 5 days after dose adjust-
ment. Free plasma carnitine levels may be monitored and 
l-carnitine supplementation may be given if clinical symp-
toms suggest carnitine deficiency (e.g., weakness, lethargy,
hypotonia).

APA guidelines for safety monitoring of CBZ suggest
that CBC and liver function tests be drawn every 2 weeks in
the first 2 months, and every 3 months thereafter (423).
Blood level monitoring in CBZ is indicated to achieve the
safe therapeutic window of 4 to12 ug/ml. Carbamazepine
levels are typically drawn at trough, prior to next dose, after
steady state is reached or about 5 days after dose adjust-
ment. Unlike carbamazepine, oxcarbazepine carries no
black box warning regarding hematological adverse effect
such as bone marrow suppression, and therefore no moni-
toring of hematological indices is indicated. Serum drug
levels may be assayed to monitor compliance or make dose
adjustments but have a lesser role than with CBZ. However,
measurement of serum sodium may be appropriate if clin-
ically significant adverse effects appear due to isolated re-
ports of hyponatremia (424).

Safety

Side Effects
Side effect profiles reported are based largely on adult ex-
perience with these agents. Side effects are common with
lithium. Transient side effects such as gastrointestinal upset
and tremor related to peak levels may be predicted, and
may be noted more often if beginning treatment during a
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depressed state versus a manic phase. Dose-related adverse
effects include weight gain, gastrointestinal upset, benign
increase in white blood count (WBC), lethargy, cognitive
dulling, and impaired memory, acne, hair loss, edema,
polydipsia, and polyuria. Lithium citrate may be better tol-
erated than the carbonate salt with respect to gastrointesti-
nal upset. Benign EKG changes associated with repolariza-
tion may occur (423) such as T wave inversion or
flattening. Cardiac toxicity (sinus node dysfunction) has
been described in children receiving longterm lithium ther-
apy (425). Longer-term effects include thyroid (hypothy-
roidism, hypoparathyroidism), kidney (impaired concen-
trating capacity), or bone (morphologic changes)
disturbances with chronic use (423). Impaired thyroid
function manifested by lower T4 levels has been associated
with increased affective episodes, relapse, and depression
(426, 427).

Dose-related adverse effects with VPA include seda-
tion, weight gain, tremor, benign decrease in WBC and
platelets, and gastrointestinal upset. Greater weight gain
than that seen with lithium treatment (23 versus 16%)
has been demonstrated with valproic acid treatment of
bipolar adults at 1 year. In addition, rates of sedation,
tinnitus, and hair loss were increased compared to
lithium (404). VPA therapy may be associated with a
transient elevation in liver enzymes in 15 to 30% of pa-
tients and rarely with fatal hepatotoxicity. Clinically sig-
nificant and persistent gastrointestinal symptoms necessi-
tate careful evaluation during the initial few months of
valproate therapy (374). The majority of VPA hepatotox-
icity has been observed in children younger than 2 years
of age with prior neurological or medical conditions. Mi-
tochondrial or metabolic diseases, such as blocks in car-
nitine metabolic pathways (leading to increased serum
ammonia), VPA inhibition of beta-oxidation, and toxicity
from VPA metabolites, may all be causative (428). How-
ever, Hirose et al. (1998) (429) reported that carnitine
levels are unaffected by VPA in patients with epilepsy,
without severe neurological or nutritional problems, and
that a regular childhood diet provides sufficient amounts
of carnitine. Pancreatitis has also been described in mul-
tiple case reports. Among 36 VPA-associated cases of pan-
creatitis (430), 9 patients (25%) were under 10 years old
and 12 (33%) were between 10 and 20 years old. The as-
sociation between VPA and polycystic ovarian syndrome
(weight gain, hyperandrogenemia, and hyperinsuline-
mia) remains unclear (423), although Nelson-DeGrave et
al. (2004) (431) reported a link between VPA and in-
creased ovarian androgen biosynthesis. Adults using
extended-release (ER) divalproex sodium reported signif-
icantly less frequent and severe adverse events when
switched from divalproex sodium delayed-release (DR)
formulations (432), perhaps due to smaller diurnal fluc-
tuations and decreased formation of minor toxic metabo-
lites (433).

Adverse effects of carbamazepine include reversible
dose-related neurological symptoms such as fatigue, dizzi-
ness, ataxia, blurred vision, and cognitive dulling. In addi-
tion, rash, weight gain, mild reductions in WBC, platelets,
sodium and thyroid hormones, and elevation in liver en-
zymes may all occur. Rare serious adverse effects include
aplastic anemia, agranulocytosis, thrombocytopenia, liver
or renal failure, cardiac conduction effects, and Stevens-
Johnson syndrome, most often in the initial 3 to 4 months
of therapy (374, 423).

Oxcarbazepine causes fewer overall adverse effects com-
pared to carbamazepine, with the exception of hypona-
tremia (�125 mmol/L) (434), observed in about 2.5% of
adults (Novartis). Although Holtman et al. (2002) (424)
reported hyponatremia in 26% of a sample of 75 children
with epilepsy, clinically relevant hyponatremia occurred in
only one child. Adverse effects of oxcarbazepine include
drowsiness,and neurological symptoms such as ataxia.
About 25 to 30% of subjects with hypersensitivity to carba-
mazepine may experience adverse reactions to oxcar-
bazepine (Novartis, 2002).

Overdose/Intoxication
Although lithium toxicity may occur at elevated serum lev-
els, intoxication has also been described within the normal
range of values. Neurological signs of toxicity include
tremor, confusion, seizure, and coma. Cardiac dysrhythmia
can also occur. In contrast, VPA possesses a wider margin of
safety. In overdose, however, sedation, cardiac conduction
block, and coma can occur, and deaths have been reported.
CBZ toxicity presents with neurological effects, such as se-
dation, ataxia, seizure, and coma, as well as cardiac con-
duction disturbances (423).

Drug Interactions
An extensive review of the safety and efficacy of mood sta-
bilizers (VPA, Li, CBZ, Lamotrigine) in various combina-
tions concluded that the safest and most efficacious mood
stabilizer combinations appear to be anticonvulsants with
lithium, particularly valproate plus lithium (435).

Agents that affect lithium clearance such as diuretics
and NSAIDs may increase serum levels. Isolated case re-
ports describe lithium neurotoxicity when administered
with concomitant neuroleptics, CBZ, and calcium channel
blockers (435). VPA drug interactions are related to its
hepatic metabolism and protein binding. Coadministra-
tion of aspirin may decrease clearance of the unbound
fraction of VPA and necessitate a decrease in the daily
dose (436). VPA is unique in that it inhibits rather than
induces hepatic enzymes and may therefore cause 
elevations in levels of concomitant medications, such as
TCAs and CBZ. Notably, lamotrigine levels may be dou-
bled with concurrent VPA administration (423), and skin
rashes may occur with greater frequency or severity, so
that great care is required when combining these agents.
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Conversely, CBZ may increase the rate of VPA metabolism
and reduce VPA levels (380). Isolated reports since 2002
also suggest an interaction between risperidone and VPA
in youth, with protein-binding displacement yielding in-
creased free VPA levels or alterations in VPA via cy-
tochrome P450 2D6 interaction (437–439). However,
Good et al. (2003) (440) found no significant difference
in trough VPA drug levels with combination VPA and
olanzapine or risperidone treatment in 45 subjects. Com-
bined treatment with olanzapine and divalproex has also
been associated with greater elevations of hepatic en-
zymes than with VPA monotherapy (441).

Carbamazepine can cause numerous potential drug in-
teractions, due to its potent hepatic enzyme induction.
Serum levels of concomitant medications, including neu-
roleptics, birth control pills, TCAs, lamotrigine, benzodi-
azepines, VPA, and prednisone, may be lowered, as well
as CBZ itself, via autoinduction. CBZ has been shown not
only to alter the metabolism of imipramine and its
metabolites, but also its protein binding so that despite
reductions in total TCA serum levels, the unchanged free
fraction concentration is maintained (266). In addition,
CBZ levels may be increased by concomitant medications,
such as erythromycin, calcium channel blockers, fluoxe-
tine, and VPA, via inhibition of CBZ metabolism (380).
Notably, the CBZ epoxide/CBZ ratio (and toxicity) may be
increased by metabolic inducers or by inhibition of car-
bamazepine epoxide conversion to carbamazepine diol
(such as with VPA). Carbamazepine-epoxide, an active
metabolite, may produce toxicity even at therapeutic car-
bamazepine levels (374). The effect of VPA on CBZ-E
metabolism may be age dependent; in preschoolers, VPA
is an inhibitor of CBZ-E metabolism (442). Finally, CBZ-
associated hematological adverse effects must be consid-
ered when CBZ is used with concomitant medications.
Oxcarbazepine may induce CYP3A4/5 at high dose and
may inhibit CYP2C19; concurrent birth control pills may
be less effective.

LAMOTRIGINE/TOPIRAMATE/
GABAPENTIN

Neuropsychopharmacology

There is a dearth of data regarding the efficacy of these
agents in children and adolescents. Although information
from adult studies may not directly extrapolate to pediatric
populations, they may nevertheless inform our under-
standing of clinical use and safety.

Pharmacodynamics

Ion channel effects (sodium channel blockade), antigluta-
matergic, and neuroprotective actions may all contribute to
the underlying mechanism of action of lamotrigine.

Although lamotrigine does not have robust GABA or
monoaminergic actions, longterm lamotrigine treatment
has been associated with significant elevations in central
GABA concentrations (443).

Gabapentin is structurally related to the inhibitory
neurotransmitter GABA, although it does not act directly
at the GABA site. Studies of healthy adults have demon-
strated acute increases in cerebral GABA concentrations
following single doses of gabapentin (443). Gabapentin
binds to neuronal membranes’ glutamate synapse as well
(374).

Topiramate modulates voltage-dependent sodium
conductance, potentiates GABA evoked potentials, and
blocks the kainate/AMPA subtype of the glutamate recep-
tor (443). Like gabapentin, acute increases in cerebral
GABA concentrations follow single doses of topiramate
(443).

Pharmacokinetics

Lamotrigine (LTG) is completely absorbed and undergoes
hepatic metabolism and renal elimination. Metabolism is
accelerated by drugs that induce CYP450 enzymes and in-
hibited by valproate. Although lamotrigine itself does not
significantly affect the metabolism of other agents, in-
creased CYP450 metabolism of LTG could increase for-
mation of its reactive metabolite and increase the risk of
rash (428).

Gabapentin is rapidly absorbed, but its absorption
pathway becomes saturated at higher doses so that increas-
ing the dose further may not yield a further increase in
plasma levels. Clinical trials reported dose-dependent
bioavailability ranging from 74 to 36% when the dose was
increased from 100 to 1600 mg (444). Peak plasma levels
occur in 1 to 3 hours. Gabapentin is not bound to plasma
proteins and has a large volume of distribution, an elimi-
nation half-life (T 1/2) of 5 to 7 hours, linear kinetics, and
renal elimination.

Topiramate has low protein binding, little hepatic
metabolism, and is excreted primarily unchanged by the
kidney, with a half-life of around 24 hours.

Pharmacotherapy

Mood Disorders
Lamotrigine may “stabilize mood from below” in that it
may improve depressive symptoms in bipolar disorder, as
demonstrated by its efficacy in controlled studies of adult
bipolar disorder (445, 446). The US FDA has approved
Lamictal for maintenance treatment of adults with bipo-
lar I disorder; the first FDA-approved therapy since
lithium for longterm maintenance therapy of bipolar I
disorder. In youth, open studies in small samples of ado-
lescents with refractory mood disorders have been posi-
tive (447).
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Two 18-month, controlled trials compared lamotrigine,
lithium, and placebo in the maintenance treatment of 1,315
manic or depressed adults with bipolar I disorder. Com-
pared with placebo, lamotrigine and lithium significantly
prolonged the time to intervention for a mood episode.
Lamotrigine was mostly effective for depressive symptoms,
whereas lithium was primarily effective against mania (448).

Gabapentin was not effective in two controlled trials of
adult mania (423). In adults, the controlled data do not
support the use of gabapentin either as an antimanic med-
ication or as a mood stabilizer (449). However, numerous
open-label studies and limited controlled trial data suggest
an adjunctive role in the treatment of comorbid anxiety dis-
order or substance abuse (450). Only isolated case reports
of gabapentin use in pediatric mood disorders can be
found, and no conclusions regarding its potential benefit
may be drawn at this time (451).

In adults, preliminary evidence from open trials of topi-
ramate for acute and refractory mania is promising, but
controlled evidence is lacking (449). Likewise, there are
open-label reports of topiramate treatment of bipolar spec-
trum youth. One retrospective review of 26 patients with
bipolar disorder treated for a mean duration of 4 months at
a mean topiramate dose of 104 mg/day showed a response
rate of 73% for mania (452). Pavuluri et al. (2002) (453)
reported that topiramate plus risperidone controlled both
weight gain and symptoms in preschoolers with mania.

Anxiety Disorder
Gabapentin has been found effective in adults with anxiety
disorder, with a meta-analysis showing an overall effect
size of 0.78 (95% CI, 0.29 to 1.27) in social anxiety disor-
der (454), improvement in panic symptoms in severely ill
patients in a RCT (455) case reports of benefit for general-
ized anxiety disorder (456), and insomnia in patients with
PTSD (457).

Miscellaneous Uses
Because of its effect in reducing weight, topiramate has
been studied as an agent for weight loss (458) or stabiliza-
tion in several populations including eating disorders such
as bulimia (459). An open-label study of topiramate in pa-
tients with Prader–Willi syndrome reported weight loss or
a reduction in weight gain, as well as improvements in
mood, aggression, and obsessive-compulsive behaviors
(460). Topiramate is not approved by the FDA as a weight
loss treatment.

Gabapentin has been used successfully in multiple pain
syndromes in adults, including trigeminal neuralgia, neuro-
pathic pain, and postoperative pain. Analgesia has also been
observed in open reports in pediatric patients (461, 462).

Initiating and Maintenance of Medication

Initiation
Prior to initiation of treatment with lamotrigine, patients
and their parents should be instructed that a rash or other

signs or symptoms of hypersensitivity (e.g., fever, lym-
phadenopathy) may herald a serious medical event and
that the patient should immediately confer with their
physician. Due to an increased risk of rash, the recom-
mended initial dosing and dose increase guidelines should
not be exceeded. With careful dose adjustments, the inci-
dence of serious rash in youth given LTG has been reduced
to about 1% (463). Nearly all cases of life-threatening rash
have occurred within 2 to 8 weeks of initiation.

Dose increase regimens depend on whether lamictal is
used as monotherapy or as adjunctive therapy, and on the
particular second anticonvulsant being used (VPA or an-
other). For adult patients not taking other anticonvulsants
or other enzyme-inducing drugs, 25 mg daily for 2 weeks,
followed by 50 mg daily for 2 weeks, followed by 100 mg
daily for 1 week, and then 200 mg daily is recommended
by the manufacturer (GlaxoSmithKline). In pediatric pa-
tients, lamotrigine should be initiated at 2 mg/kg/d as
monotherapy or at 0.2 mg/kg/d if used with VPA and then
titrated slowly at about monthly intervals (464).

Gabapentin should be initiated at the lowest possible
dose in children (100 mg/daily), and doses intermediate to
adult dosage in adolescents (initial adult dose of 300 mg
twice a day is recommended), and then may be increased
every 3 to 7 days, in increments of the starting dose, reach-
ing a target dose in 4 to 6 weeks. Topiramate should be ini-
tiated at the lowest possible dose in children and doses in-
termediate to adult dosage in adolescents.

Maintenance/Monitoring
Lamotrigine and gabapentin require neither baseline nor
medical monitoring, other than diligence regarding emer-
gence of a lamotrigine rash. Lamotrigine should be discon-
tinued at the first sign of rash, unless the rash is clearly not
drug related. Maintenance dose ranges from 1 to 5 mg/kg/d
when used as adjunctive therapy with valproate, to 5 to 15
mg/kg/d when given as monotherapy (464).

With topiramate, baseline and periodic monitoring
of HCO3 levels are recommended, especially in youth with
conditions that may predispose to acidosis. Evidence of
hematuria and hypercalciuria should also be checked before
and during topiramate therapy in these children (465).

Safety

Side Effects
The most common (�5% incidence) side effects associated
with lamotrigine in pediatric epilepsy trials were vomiting,
nonserious rash, nausea, somnolence, dizziness, diarrhea,
abdominal pain, ataxia, tremor, weakness, infection, and
diplopia. Serious rashes requiring hospitalization have
been reported, including Stevens-Johnson syndrome. In
adult mood disorder trials, the incidence of these rashes
was 0.08% (fewer than 1 per 1,000) in patients receiving
lamotrigine as initial monotherapy and 0.13% (1.3 per
1,000) in patients receiving lamotrigine as adjunctive ther-
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apy. However, in epilepsy trials the incidence of rashes with
lamotrigine used as adjunctive therapy was 0.3% (3/1,000)
in adult and 0.8% (8/1,000) in pediatric patients. In a co-
hort of about 2,000 pediatric epilepsy patients taking lam-
otrigine as adjunctive therapy, there was one rash-related
death. Rash may be increased by concurrent administration
of VPA or by exceeding the recommended initial dose or
dose increase parameters.

In children with epilepsy, gabapentin (20 to 100
mg/kg/d) has been well tolerated as an anticonvulsant agent.
The most common side effects associated with gabapentin
therapy are somnolence, dizziness, fatigue, ataxia, nystag-
mus, and weight gain. There have been a few case reports of
behavioral changes at higher doses consisting of tantrums,
hyperexcitability, and outbursts of anger (464).

Adverse effects of topiramate include somnolence, dizzi-
ness, fatigue, nervousness, headache, diplopia, ataxia,
speech difficulties, psychomotor slowing, nystagmus,
paresthesia, impaired concentration, anorexia, sleep disor-
ders, and anorexia with or without weight loss (466). 
Davanzo et al. (2001) (467) reported a child with refractory
juvenile-onset bipolar disorder treated with topiramate
(TPM) who experienced cognitive and academic deteriora-
tion 4 months after mood symptoms remitted. In adults,
most of the commonly reported adverse effects were related
to the central nervous system and observed with greater fre-
quency at dosages of greater than 200 to 600 mg/day (468).
No clinically significant abnormalities were observed in lab-
oratory parameters or in neurological, electrocardiographic,
ophthalmologic, or audiological tests (469). Chronic topi-
ramate use may result in a distal tubular acidification defect,
leading to an elevated risk of calcium phosphate
nephrolithiasis (465). Others have reported that a
metabolic acidosis (typically mild) may develop in adult
patients over time (465, 470, 471). There is no apparent cor-
relation between dose and acidosis. In December 2003, the
prescribing information for topiramate was revised to in-
clude a warning that it may cause hyperchloremic nonanion
gap metabolic acidosis (decreased serum bicarbonate). The
incidence of markedly low bicarbonate in clinical trials
ranges from 3 to 11%, compared to 0 to 1% for placebo.

Drug Interactions
Lamotrigine’s total daily dose and titration regimens vary
according to whether it is used as monotherapy or as ad-
junctive treatment. Interactions with VPA were discussed
earlier.

Topiramate has no significant effect on plasma levels 
of other anticonvulsants including carbamazepine and val-
proic acid. However, topiramate’s inhibition of carbonic
anhydrase and glutamine synthetase may cause hyperam-
monemia and encephalopathy (472). In addition, when
topiramate is used concurrently with hepatic enzyme-
inducing agents, its plasma concentrations are approxi-
mately 50% lower than when administered as monother-
apy (473).

ANTIPSYCHOTICS

Neuropsychopharmacology

The use of antipsychotics in both adult and pediatric psy-
chiatry has increased greatly since the introduction of the
atypical antipsychotic agents. Goals for development of
these atypical agents included equivalence in antipsychotic
efficacy, less EPS and prolactin elevation, and broader effi-
cacy for cognitive and “negative” symptoms. This section
focuses mainly on the class of atypical antipsychotic drugs,
which are increasingly utilized for more severe and treat-
ment refractory conditions as well as first-line agents in ju-
venile bipolar disorder. Despite the broader scope of action
and enhanced tolerability of the “atypicals,” standard typi-
cal antipsychotics also retain clear indications in pediatric
neuropsychiatry.

Pharmacokinetics

There has been little study of the pharmacokinetics of an-
tipsychotic medications in children. Studies on the typical
agent chlorpromazine and the atypical agent risperidone
suggested faster metabolic rates compared to adults (473,
474). However, more recent studies found similar phar-
macokinetics for olanzapine, quetiapine (475, 476), and
ziprasidone (477) across age groups. Sallee et al. (2003)
(478) performed a single-dose, open study of ziprasidone
(0.2 to 0.3 mg/kg) in 24 youths with Tourette’s or chronic
tic disorder; mean AUC ranged between 457 and 247 ngh
�1mL�1, with peak serum concentrations at 4 hours
postdose.

Frazier et al. (2003) (479) studied clozapine (CLZ) (3
mg/kg) and its metabolites, norclozapine (NOR) and
clozapine-N-oxide (NOX), in six youth with childhood-
onset schizophrenia. NOR concentrations (410 ng/ml)
exceeded CLZ (289 ng/ml) and NOX (63 ng/ml). In
adults, NOR serum concentrations on average are 10 to
25% � CLZ. This difference between children and adults
in the ratio of metabolites to parent compound may re-
flect greater activity of hepatic CYP450 isoenzymes 1A2
and 3A4. In addition, clearance varied up to 17-fold
among individuals. Dose normalized concentrations of
CLZ (mg/kg/d) did not vary with age and were similar to
adult values.

Pharmacodynamics

While traditional antipsychotics primarily cause dopamine
type 2 (D2) receptor blockade to produce clinical effects,
atypical antipsychotics possess mixed neurotransmitter 
effects, including 5HT receptor blockade and greater limbic
selectivity. Within this class, 5HT/DA blockade ratio 
is greatest with clozapine, quetiapine, and olanzapine, 
followed by risperidone. The mixed neurotransmitter 
selectivity that distinguishes the atypical agents from 
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more typical agents is likely responsible for both fewer 
adverse effects (EPS) and their clinical efficacy including
reduced negative symptoms and improved mood 
regulation.

The newest of the atypical agents (e.g., aripiprazole) may
be considered dopamine system stabilizers. By interacting
with multiple dopamine receptors, they enhance dopamine
activity where levels are low (e.g., mesocortical region) and
reduce activity where dopamine levels are in excess (e.g.,
mesolimbic region), while maintaining normal dopamine
levels elsewhere (e.g., nigrostriatal region) (480).
Dopamine type 1 (D1) receptor blockade in mesocortical
regions may provide beneficial cognitive effects.

Two agents in the atypical antipsychotic class are
ziprasidone and aripiprazole. The in vitro 5-HT2A/D2
receptor affinity ratio of ziprasidone is higher than that of
the other first-line atypical agents, and it has moderate
affinity for both serotonin and norepinephrine reuptake
sites (481). Clinically, this characteristic may be respon-
sible for its antidepressant effects at lower doses and the ac-
tivation sometimes seen in bipolar patients. At higher
doses, the D2 blockade is more apparent, so that moving
up more rapidly to target doses will effect its antipsychotic
properties more quickly. In animal models, ziprasidone
also increases prefrontal cortical dopamine (482). Sallee et
al. (2003) (478) performed an open study of ziprasidone
(0.2 to 0.3 mg/kg) in 24 youths with Tourette’s syndrome
or chronic tics. This was the first human study to indicate
that ziprasidone may cause both dopamine antagonism,
supported by prolactin increase, and agonism, supported
by an increase in spontaneous eye blink rates. Aripiprazole
also displays properties of an agonist and antagonist in an-
imal models of dopaminergic hypoactivity and hyperactiv-
ity, respectively. Given its partial agonism at 5-HT1A recep-
tors (presynaptic) and antagonism at 5-HT2A receptors
(postsynaptic), aripiprazole may be thought of as a
dopamine-serotonin system stabilizer (483).

In addition to their DA and 5HT actions, atypical agents
have varying antiadrenergic, anticholinergic and antihis-
taminergic effects. Alpha-adrenergic blockade causes hy-
potension, cholinergic blockade is responsible for side ef-
fects such as constipation, sinus tachycardia, blurred vision
and dry mouth, and histamine blockade may cause weight
gain and sedation (Table 27.14).

Pharmacotherapy

Discussion of the therapeutic use of the antipsychotic med-
ications is organized according to the primary clinical ap-
plications that are supported by controlled clinical trials.
However, the clinical applications of atypical antipsy-
chotics have become quite broad in pediatric care.

Psychotic Disorders 
Antipsychotic agents are recommended for treatment of the
acute and stabilization phase of schizophrenia. The adult

literature suggests that atypical agents may also enhance
neurocognitive function (484, 485) and improve negative
symptoms associated with psychosis, although the effect
size advantage over more typical agents may be small (486).
Available studies, case reports, and clinical experience all
suggest that patterns of response in youth are similar to that
found in adults (487). Ongoing research efforts include the
NIMH study of childhood-onset schizophrenia. Although
little controlled data on the treatment of primary psychotic
disorders in young children exists, the use of antipsychotic
drugs is considered justified in early onset schizophrenia
(487). Frazier et al. (2003) (479) reported the efficacy and
safety of clozapine in youth with DSM-IV schizophrenia,
during both open and double-blind trials of clozapine and
haloperidol. These and other authors demonstrated that
clozapine plasma concentrations may be positively corre-
lated with response (488). An 8-week pilot study compar-
ing the acute antipsychotic effect size of risperidone and
olanzapine to that of haloperidol found that a majority of
subjects treated with olanzapine (88%), risperidone (74%),
and haloperidol (53%) all met criteria for positive response
(489). Randomized controlled trails of antipsychotic drugs
in psychotic disorders in youth include the more typical
agents loxapine and haloperidol (490, 491).

Open trials of atypical agents have also demonstrated 
efficacy for olanzapine in the shortterm treatment 
of adolescents with schizophrenia, schizoaffective, or
schizophreniform disorders (492) and in a 1-year prospec-
tive open-label trial of childhood-onset schizophrenia
(493), for risperidone in adolescents with schizophrenia
(494) and for quetiapine in adolescents with selected psy-
chotic disorders (495).

Mood Disorders
RCTs of atypical agents have also shown benefit for adults
with bipolar disorder. Unlike the typical neuroleptics,
atypical agents show benefit for maintenance of treatment
response and as adjunctive agents for depressive symp-
toms (496) in addition to controlling acute mania. Rigor-
ous studies in this severely disturbed and likely heteroge-
neous pediatric population are hindered by ethical
(placebo control) and nosological dilemmas. Despite this,
controlled studies of juvenile bipolar disorder are under
way, mostly with the atypical antipsychotic agents. In ad-
dition, treatment algorithms have been presented in an at-
tempt to offer consensus guidelines to clinicians.
Monotherapy with olanzapine, risperidone, and quetiap-
ine (in addition to lithium, divalproex, and carba-
mazepine) are among the first-line treatments for juvenile
bipolar disorder (384).

In a double-blind, placebo-controlled study of quetiapine
in adolescent mania (452), 30 adolescent inpatients with
bipolar I disorder received VPA with either adjunctive queti-
apine or placebo for 6 weeks. The combination VPA �

quetiapine treated subjects had significantly greater reduc-
tion in YMRS scores compared to VPA � placebo treated
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subjects. Adjunctive augmentation trials include open-label
olanzapine in manic children (497) and open-label olanza-
pine augmentation of lithium in bipolar psychosis (386). In
the latter study, 43% of manic, psychotic adolescents 
relapsed when they discontinued the antipsychotic after 
4 weeks of stabilization with adjunctive treatment. These

studies followed preliminary reviews of pharmacotherapy in
childhood mania (498) and case reports of open-label atyp-
ical antipsychotic monotherapy in juvenile bipolar disorder.
Rapid, robust improvement has been observed with risperi-
done and olanzapine (451, 499, 500) as well as quetiapine
(476), including longterm safety and efficacy (501).
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TABLE 27.14
CLINICAL PHARMACOLOGY OF ATYPICAL ANTIPSYCHOTICS

Aripiprazole Olanzapine Quetiapine Risperidone Ziprasidone

Pharmacokinetic Parameters

T-Max (hours) 3–5 h 6 h 1.5 h 1 h 6–8 h
Half-life (T 1/2) 75 h (parent) 30 h 6 h 20 h 7 h

94 h (active 
metabolite)

Mechanism of Hepatic Hepatic Hepatic Hepatic Hepatic
excretion

CYP2D6 and CYP1A2 and 2D6 CYP3A4 CYP2D6 CYP3A4 �/�1A2
3A4

Pharmacodynamic Parameters 

Mechanism of Antagonist: Antagonist: Antagonist: Antagonist: Agonist:
action 5HT2A D1–4 D1 D2 5HT1A Antagonist:

D2 in hyperdo- 5HT2 D2 5HT2 D2
paminergic M1–5 5HT2 alpha 1 and 2 5HT2A
environment alpha 1 adrenergic alpha adrenergic H1 5HT1D

1 and 2
Agonist: H1 H1
Partial 5HT1A 5HT1D
D2 in hypodo-

paminergic
environment 

Clinical Parameters

Dose range 5–30 (q.d. or b.i.d.) 1.25–15 (q.d. or 25–100 (prepubertal) 0.125–12 (qd 20–160 (b.i.d)
(mg/day) b.i.d) 25–300 (adolescents) or b.i.d)

(q.d. or b.i.d.)
Common side Headache, weight Drowsiness, ortho- Drowsiness,  Weight gain, Somnolence, EPS, 

effects gain, anxiety, stasis, weight gain, orthostasis, drowsiness, respiratory 
insomnia, nausea/ seizures, cognitive weight gain; orthostasis, disorder, 
vomiting, impairment; EPS EPS uncommon (prolonged QTc); orthostatic 
lightheadedness, uncommon, EPS uncommon, hypotension, 
somnolence, elevates prolactin elevates prolactin weight gain, 
akathenia, rash
constipation,
asthenia, rash,
blurred vision,
tremor, cough
fever

Serious side Tardive dyskinesia Tardive dyskinesia Tardive dyskinesia Tardive dyskinesia Increase in QTc 
effects and NMS rare  and NMS rare but and NMS rare but and NMS rare but interval and risk 

but possible possible possible; lenticular possible of sudden death
changes possible;
seizures, 
hypothyroidism

5HT, Serotonin; CYP, Cytochrome P450; D, Dopamine; EPS, Extrapyramidal symptoms; H, Histamine; M,
Muscarine; NMS, Neuroleptic malignant syndrome QTc. The beginning of the depolarization of the left ventricle
is labeled Q (wave), and the ventricular repolarization is labeled T (wave). QTc is the interval corrected by a
mathematical formula for heart rate. T-Max: time to peak plasma level.
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In adults, olanzapine has an FDA indication for both
acute and maintenance bipolar monotherapy and may pro-
duce greater remission rates in acute manic or mixed
episodes compared to standard agents, such as divalproex
(502). In December 2003, the FDA approved the use of
risperidone as monotherapy, or in combination with
lithium or valproate, for the treatment of acute manic or
mixed episodes of bipolar I disorder. Atypical antipsy-
chotics may possess broad efficacy beyond their antimanic
effects and have use in depressed phase bipolar disorder or
even unipolar depression. Efficacy for quetiapine in
psychotic depression has already been described in one re-
port (503).

Anxiety Disorders
The sum of evidence at this time points to the benefits of
atypical antipsychotic augmentation of SSRIs for treatment
resistant OCD in adults (504). In children, however, this
subject is confusing. One case series on pediatric OCD
found that symptoms progressively diminished with in-
crease in dose of risperidone used for augmentation (505).
However, there have been case reports of worsening of ob-
sessive-compulsive symptoms with the atypical antipsy-
chotic in adults (506–509) and children (510). Several au-
thors also noted rapid resolution of OCD symptoms upon
discontinuation of risperidone (510, 511). Others did not
see OCD symptoms reemerge with risperidone rechallenge,
yet others found that obsessions gradually diminished with
continued treatment. Risperidone has greater relative
dopamine blocking activity at higher doses (512). These
observations add to a number of others that dopamine may
be involved in the pathogenesis of OCD in some way (513,
514). At this time there is insufficient evidence to support
the routine use of the atypicals in pediatric OCD unless
there are comorbid tics.

Pervasive Developmenta Disorder/Mental
Retardation 
Following several decades of using the typical antipsy-
chotics in children with pervasive developmental disorders
and intellectual disabilities, atypical antipsychotics are now
commonly used for behavioral problems in these children
(515). Of the neuroleptics, haloperidol has been the most
thoroughly studied with efficacy shown in both shortterm
(516) and longterm (517) studies. Open trials have com-
pared atypicals to typical agents, such as a parallel-group
study of 12 children with autism treated with olanzapine or
haloperidol (518). Five of six subjects in the olanzapine
group and three of six in the haloperidol group were rated
as responders.

The National Institute of Mental Health funded Re-
search Units on Pediatric Psychopharmacology (RUPP)
Autism Network completed an 8-week, double-blind,
placebo-controlled study of risperidone in 101 children
and adolescents with autism (519). In the risperidone
group, 69% achieved a positive response for serious be-

havioral problems compared to just 12% in the placebo
group (P � 0.001). Besides risperidone, other atypical an-
tipsychotics with demonstrated efficacy in open trials of
autism or PDD include clozapine, olanzapine, quetiapine,
and ziprasidone (520). A 3-year naturalistic study de-
scribed 47% improvement in a sample of preschool chil-
dren with PDD treated with risperidone monotherapy
(521).

The efficacy of risperidone has also been demonstrated
in children with subaverage IQs and severe disruptive be-
haviors in controlled trials (522, 523). In a follow-up ex-
tension study, risperidone was safe and well tolerated with
positive effect maintained over 1 year (524).

Tic Disorders/Tourette’s Disorder 
Atypical antipsychotics have been shown comparable to
typical neuroleptics for tic supression in studies in adoles-
cents and adults. Two placebo-controlled studies and two
randomized trials with active comparators have shown that
risperidone is effective for the supression of moderate to se-
vere tics in children and adolescents with Tourette’s syn-
drome (525, 526). Sallee et al. (2003) (478) suggested that
ziprasidone may act primarily on the neocortex to dampen
excitatory glutamatergic overdrive.

Eating Disorders
Several reports describe open-label efficacy of olanzapine
in the treatment of anorexia nervosa (527–529). In these
medically and psychiatrically compromised populations,
olanzapine may assist in mood regulation, distorted think-
ing, and ego function, as well as provide a shortterm boost
in weight gain that often accompanies its use.

Initiating and Maintenance of Medication

Initiation
Use of antipsychotic agents requires adequate informed
consent from the parent or the youth (depending on the le-
gal age requirements or legal status). Special regulations
may govern the prescribing of antipsychotics in children
who are in state custody or foster care. In addition, docu-
mentation of target symptoms, baseline and follow-up lab-
oratory monitoring, documentation of treatment response
and side-effects—including EPS (Abnormal Involuntary
Movement Scale) and weight gain—and adequate thera-
peutic trials of sufficient dosages over 4 to 6 weeks are all
important (487).

The smallest dosage should generally be used for initiat-
ing antipsychotic medication in youth. Minimum effective
doses for newer atypical antipsychotic medications across
fixed-dose placebo-controlled studies in adults, defined by
their equivalency to 100 mg/day of chlorpromazine, are 2
mg/day for risperidone, 5 mg/day for olanzapine, 75
mg/day for quetiapine, 60 mg/day for ziprasidone, and 7.5
mg/day for aripiprazole (530).
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They should be used with caution in youth with a per-
sonal or family history of diabetes or hyperlipidemia due to
metabolic adverse effects, as highlighted by the FDA. In
2004, the American Diabetes Association published a con-
sensus statement recommending a baseline weight, height,
waist circumference, blood pressure, fasting glucose, and
lipid profile.

Clinical experience suggests that children with PDD
spectrum disorders may be particularly sensitive to sero-
tonergic agents. As such, low dosage and slow titration of
atypical agents is indicated in this population, as with SSRI
medications.

Maintenance/Monitoring

Although clinical practice may vary, practice guidelines and
expert reviews provide some guidance on the complex is-
sues of medication monitoring and maintenance. The deci-
sion to lower dosages (to minimize side effects) or undergo
medication-free trials must be balanced by the increased
risk for relapse, particularly in psychotic disorders. In gen-
eral, first-episode psychotic patients should receive mainte-
nance psychopharmacological treatment for 1 to 2 years
following an initial episode, due to risk for relapse (487).
For mood disorders, treatment for 9 to 12 months beyond
time to achieve remission is usual.

In 2004, the American Diabetes Association pub-
lished a consensus statement suggesting follow-up mon-
itoring of weight (4 weeks, 8 weeks, 12 weeks, quar-
terly), waist circumference (annually), blood pressure
(12 weeks, annually), fasting glucose (12 weeks, annu-
ally), and lipid profile (every 5 years), noting that more
frequent assessment may be warranted according to clin-
ical status. For example, fasting serum insulin levels and
HbA1C could be checked if morbid obesity is present to
assess risk for type 2 diabetes. Melkersson and Dahl
(2004) (531), in an extensive review, discuss preventa-
tive strategies for weight gain.

ECG monitoring is not routinely required, but in chil-
dren QTc intervals should be checked for prolongation if
other drugs that may also alter QTc are used concurrently
or in overdose situations.

Clozapine is unique in the class of atypical agents, due
to a “therapeutic window” and potentially severe hemato-
logical adverse effects such as bone marrow suppression.
Based on emerging data for pediatric populations, it has
been suggested that CLZ serum assays in youth be stan-
dardized to include CLZ � NOR metabolite rather than to
CLZ alone (typically used in adults) due to their combined
contribution to the overall effectiveness and side effect pro-
file of CLZ in youth (479).

Safety

There are ongoing efforts to acquire longterm safety data on
the antipsychotic medications in youth, as they are applied

increasingly in mood and other psychiatric disorders. Al-
though well tolerated in shortterm use, significant weight
gain, extrapyramidal symptoms, and cardiac and metabolic
effects may negatively skew the risk-benefit ratio of atypical
agents over the medium to longterm.

For traditional antipsychotics, potency measured by de-
gree of DA blockade correlates with adverse effects; high-
potency agents such as haloperidol tend to produce EPS,
whereas low-potency agents such as thioridazine and
chlorpromazine have more anticholinergic side effects
and sedation.

Weight Gain
A review of an FDA postmarketing surveillance database
on olanzapine found that the risk of complaints of weight
gain was 4.3 times higher for children and 3.2 times
higher for adolescents than for adults. Similarly, com-
plaints of increased appetite were 24 times higher in
childhood compared to adults (532). Increased weight
gain may involve serotoninergic, histaminergic, and
adrenergic mechanisms (533) and, in reviews of adults,
may be increased two- to threefold with administration of
concomitant lithium or valproate (534). Management of
this adverse event includes switching atypical agents or
the discontinuation or addition of a targeted treatment.
For example, Molindone may be uniquely weight neutral.
Overall, treatment-induced obesity is a particularly chal-
lenging issue for practitioners. Familiarity with other man-
agement options, such as local weight-control behavioral
programs for youth, may be helpful and associated with
less frequent relapse than in adult populations (535).

Metabolic
Thorough reviews of metabolic adverse effects such as hy-
perglycemia and hyperlipidemia may be found elsewhere
(531). After the appearance of clozapine, the first atypical
agent, reports of metabolic adverse effects, primarily on
glucose and lipid regulation, are found in the adult litera-
ture. Noninsulin-dependent hyperglycemia has been ob-
served with several of the atypical antipsychotics, primar-
ily olanzapine and clozapine. Initially, elevated rates of
diabetes (36% of 82 patients over 5 years) were described
in small samples of adult patients treated with clozapine
(536). In a 4-month study comparing the prevalence of
diabetes in adults with schizophrenia (N � 38,000), atyp-
ical antipsychotic treated patients showed a greater preva-
lence than those treated with a typical neuroleptic (9%
versus 6%). However, these authors suggested that atypi-
cal antipsychotics may hasten onset rather than cause the
diabetes (537). On March 1, 2004, the FDA has asked
manufacturers of atypical antipsychotic medications to
add a warning statement to package inserts describing hy-
perglycemia, rarely extreme and associated with ketoaci-
dosis or hyperosmolar coma and even death in patients
treated with atypical antipsychotics (www.fda.gov/med-
watch).
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Studies in pediatric populations (N � 175) have also
demonstrated significant weight gain with atypical agents
(olanzapine, risperidone, quetiapine), as well as insulin re-
sistance in children taking olanzapine. Insulin resistance
was predicted by weight gain. Putative risk factors include
increased premorbid weight and personal or family history
of diabetes (538). However, impaired glucose tolerance
and diabetes have also been found in certain psychiatric
populations, such as schizophrenia compared to the gen-
eral population (536, 539). In certain refractory cases, 
targeted drugs such as metformin to increase insulin sensi-
tivity may have benefit. In one study, 15 of 19 children 
responded with weight loss (540).

Hyperlipidemia has also been observed with atypical
agents, primarily olanzapine and clozapine. In a 2002, 
4-year UK study of adult schizophrenics (N � 18,000), a
three-fold increase in triglycerides and cholesterol was
found with olanzapine compared to more typical 
neuroleptics (541).

Endocrine
Antipsychotic agents’ dopamine blockade releases
dopamine-induced tonic inhibition of prolactin 
secretion. Transient, dose-related increases in serum pro-
lactin have been reported in adult schizophrenia (542), 
although serum effects may not be correlated significantly
with adverse effects, such as acne, estrogen deficiency,
galactorrhea, or decreased libido (543). The clinical signif-
icance of hyperprolactinemia outside of these adverse 
effcets is unknown. Open-label treatment with numerous
typical and atypical agents such as haloperidol, risperi-
done, and olanzapine has caused hyperprolactinemia in
children (499, 544). A review of an FDA postmarketing
surveillance database on the agent olanzapine found the
risk of prolactin increase-related complaints to be 4.8 times
higher for adolescents than adults (532). In one study,
serum prolactin levels were shown to rise in the shortterm
and then steadily decrease (545). Others have also demon-
strated hyperprolactinemia in youth appearing within 4
weeks of beginning risperidone treatment and declining
over time to within the normal range (524). Some of the
newer agents in the class, ziprasidone and aripiprazole,
have minimal chronic effect on prolactin concentrations in
healthy adult males (546).

Expert opinion suggests that management of hyperpro-
lactinemia includes assay of levels every 3 to 6 months,
since serum prolactin often decreases over time. In refrac-
tory or symptomatic cases, medication may be considered
if the atypical cannot be discontinued. Cohen and Bieder-
man (2001) (547) successfully reversed hyperprolactine-
mia in four males (ages 6 to 11) with risperidone-induced
increases (serum prolactin 57 to 129 ng/mL) with the
dopamine agonist cabergoline. An alternative option 
is to switch drugs; for example, olanzapine reversed hyper-
prolactinemia in risperidone-treated females with
schizophrenia (548).

Motor
Extrapyramidal symptoms occur commonly in people tak-
ing antipsychotic medications, albeit less frequently with
the atypical class. Meta-analysis (486) of data from more
than 7,000 adult patients found the effect size of the differ-
ence to be 0.30 (i.e., 30% more extrapyramidal side effects
with typical than atypical antipsychotics). Although there is
little information, a review of the FDA postmarketing
surveillance database on the agent olanzapine found a rel-
atively low risk of EPS complaints across age groups, simi-
lar to prior reports (532). However, this same review found
a fourfold increased risk of dyskinesia in children com-
pared with adults. In a prospective, longitudinal study of
haloperidol in 118 children with autism, Campbell et al.
(1997) (549) reported that withdrawal dyskinesias (WD)
developed in 40 (34%) children; 20 had more than one
dyskinetic episode. A subgroup that remained longer in the
study with a higher cumulative haloperidol dose evidenced
a significantly higher WD incidence. Occurrence rates of
tardive dyskinesia (TD) and multiple episodes of TD/WD
were higher among girls. In an analysis of long-term
risperidone treatment (0.02 to 0.06 mg/kg/day), 18% of a
sample of 700 youth experienced at least one symptom of
EPS during a 12-month period (545).

Cardiac
Prolonged ECG QTc intervals have been associated with var-
ious medications, including the antipsychotics. The QTc in-
terval reflects time occupied for combined depolarization
and repolarization of the ventricles. Prolongation of the QTc
via potassium channel blockade and delayed repolarization
shortens the time that the heart is electrically at rest (isoelec-
tric) and has been shown to be associated with torsade de
pointes, a polymorphic ventricular tachycardia, and sudden
death. QTc lower than 440 msec are considered normal,
with values �500 associated with significantly greater risk
(550). The typical neuroleptic thioridazine, which blocks the
potassium channel, has been found to cause torsade de
pointes and sudden death, in contrast to tricyclic antidepres-
sants, which block sodium channels associated with depo-
larization and thus increase QTc via another mechanism. A
large retrospective cohort study of adult typical antipsychotic
users (N � 481,744) found a 2.4-fold increase in sudden
death with doses greater than 100 mg thioridazine daily or
the equivalent (551). Of the atypical agent class, several
block potassium channels, primarily ziprasidone, although
risperidone, olanzapine, and quetiapine also do to a lesser
degree (550). ECG monitoring should be performed at max-
imum daily (peak) blood levels to best observe for cardiac
conduction effects (550). Automated computer interpreta-
tions of ECGs should be followed by a cardiologist’s review.

Ocular
Beyond such risk factors as old age and diabetes, medica-
tions, particularly antipsychotics, have been associated
with the development of cataracts. Although the typical
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antipsychotics thioridazine and perphenazine have been
associated with cataracts, no causal relationship has been
determined. In preclinical studies, quetiapine was associ-
ated with increased rates of cataracts in puppies at doses
four times the maximum human dose (prescribing infor-
mation, quetiapine). However, in a survey of 620,000 per-
sons taking quetiapine, a lower rate (0.005%) of cataracts
was found than in the general population (552).

Hematological Clozapine
Clozapine is available only through a distribution system
that ensures appropriate WBC monitoring (Novartis).
Clinical studies of clozapine in youth are limited. How-
ever, sialorrhea, tachycardia, sedation, enuresis, weight
gain, and elevated hepatic transaminase concentrations
have been reported. Side effects, including weight gain,
have been shown to correlate positively with serum con-
centrations (479). Of more concern are potentially serious
hematological adverse effects such as reduced neutrophil
count. In the Frazier et al. trial (2003) (479), one 9-year-
old female experienced moderate neutropenia. The higher
NOR/CLZ ratio observed in these youth may increase vul-
nerability due to possible marrow toxicity of NOR (553).
Alvir and Lieberman reported that patients younger than
21 years of age (and females) may be at higher risk for
agranulocytosis (554).

Neurological
Electroencephalographic (EEG) abnormalities have been
demonstrated in adults using the typical antipsychotics.
Among the new atypical class, the commonest abnormal-
ities (47%) have been found with clozapine, while olan-
zapine and risperidone had lesser effects (555).

Drug Interactions

Clozapine is metabolized primarily by CYP1A2, with addi-
tional pathways via CYP2C19, CYP2D6, and CYP3A4.
Risperidone is metabolized primarily by CYP2D6 and to a
lesser extent by CYP3A4. Olanzapine is metabolized 
primarily by CYP1A2 and to a lesser extent by CYP2D6.
Quetiapine and ziprasidone are metabolized by CYP3A4.
Although substrates for the CYP450 enzymes, at usual clin-
ical doses these drugs appear not to significantly affect the
metabolism of other medications (556).

Several case reports have appeared since 2002 regarding
a possible interaction between risperidone and valproic
acid in youth, suggesting protein-binding displacement to
yield increased serum valproic acid levels or alterations in
valproic acid levels mediated by a cytochrome 2D6 interac-
tion (437–439). In response, Good et al. (2003) (440) ret-
rospectively described their pediatric data (N � 45) using
combination divalproex sodium with atypical antipsy-
chotics finding no significant difference in trough dival-
proex levels with combination divalproex sodium and
olanzapine or risperidone.

Overdose

Scattered cases of antipsychotic overdose have been re-
ported in youth. In a review of the current literature, Cat-
alono et al. (2001) (557) suggested that special care may
be indicated with pediatric cases of atypical antipsychotic
overdose including intensive monitoring of potential res-
piratory or cardiac difficulties. Olanzapine overdose in a
12-year-old boy presented as opioid-like and was fol-
lowed by complete recovery (558). Catalono et al. (2002)
(474) presented the case of a 15-year-old girl who in-
gested 1,250 mg of quetiapine (21.6 mg/kg) in a suicide
attempt and developed symptoms including tachycardia,
agitation, hypotension, and unconsciousness. James et al.
(2000) (559) described the epidemiology, clinical pre-
sentation, management, and outcome of phenothiazine
and butyrophenone ingestions in children. Depressed lev-
els of consciousness (91%) and dystonia (51%) were
most common.

MISCELLANEOUS AGENTS

Benzodiazepines

Although possessing similar pharmacodynamic actions at
GABA receptors, benzodiazepines (BZD) differ in their
pharmacokinetics and metabolism, such as hepatic
metabolic pathways, presence of active metabolites, Tmax,
and half-life.

The study of benzodiazepines has been limited in pe-
diatric populations and consists primarily of open-label
small case reports or studies with variable or mixed sam-
ples of anxiety disorders. Open-label studies have demon-
strated efficacy in overanxious disorder (560) and panic
disorder (561, 562) using alprazolam (0.5 to 1.5 mg/day)
and clonazepam (0.5 to 3.0 mg/day). Although controlled
studies of alprazolam in overanxious youth (563) and
clonazepam in mixed anxiety (564) disorders did not
demonstrate significant differences over placebo, these
were methodologically limited by small sample sizes. In
one small, placebo-controlled study of alprazolam and
imipramine in children with school refusal, Bernstein et
al. (1990) (231) found no significant differences follow-
ing treatment between groups in either anxiety or depres-
sive symptoms. However, another placebo-controlled
study found clonazepam effective for neuroleptic-induced
akathisia, suggesting utility beyond primary anxiety disor-
ders (565).

Adverse effects of BZDs such as sedation and behavioral
changes may be particularly pronounced in neurologically
vulnerable populations, as well as at either age extreme. For
example, based on a literature review (566), behavioral
side effects occurred in 13% of 446 individuals with men-
tal retardation using benzodiazepines for psychiatric con-
ditions, epilepsy, or other medical conditions. Children,
including those with pervasive developmental delays or
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autism, may be vulnerable to paradoxical behavioral agita-
tion as well (567). Children hospitalized for accidental or
deliberate benzodiazepine ingestion (568) experienced the
following transient adverse effects: ataxia (87%), lethargy
(57%), coma (35%), and respiratory depression (9%).
BZDs should be initiated at the lowest available dosage,
with gradual titration, particularly with agents with a
longer half-life, such as clonazepam, allowing for its accu-
mulation over several days. Adverse effects such as sedation
tend to peak as steady state is being reached, and this may
take a week or longer with clonazepam. Physiological tol-
erance may occur with the BZD class necessitating careful
and gradual withdrawal. Withdrawal from short-acting
agents such as alprazolam may be best achieved by switch-
ing to a longer-acting formulation such as clonazepam and
then weaning gradually to enhance tolerance of discontin-
uation (Table 27.15).

Buspirone

Buspirone, an azaspirone, may exert its effect via the
dopaminergic or serotonergic system. The drug is rapidly
absorbed with time to reach peak levels under 1 hour. It is
extensively metabolized, with an elimination half-life of
2.5 hours and linear pharmacokinetics (569).

Adult-controlled studies have demonstrated efficacy in
generalized anxiety disorder (570). Efficacy and safety of
buspirone in pediatric samples have primarily been

observed in open studies of social anxiety (571) and anxi-
ety disorders in children with PDD (572). In a sample of
prepubertal psychiatric inpatients, it had limited benefit
and caused increased aggression, agitation, and euphoria
(573). Preliminary reports of benefit have also been pre-
sented in small open samples of ADHD (574, 575) and co-
morbid ODD (576).

In addition buspirone may facilitate antidepressant re-
sponse, as suggested in the adult literature, via activation of
presynaptic and postsynaptic 5-HT1A receptors and modu-
lation of serotonin release (577). Only limited reports of
SSRI augmentation with buspirone (for OCD) may be
found in the pediatric literature (578).

Alpha-2 Agonists

Clonidine, an imidazoline-derived agent, has agonist ef-
fects on central alpha-2-adrenergic receptors. Guanfacine is
a longer-acting and more selective agonist than clonidine.
Research in animal models demonstrates that too little al-
pha-2-receptor stimulation or too much alpha-1-receptor
stimulation can impair prefrontal cortical function. Thus,
agents that normalize NE prefrontal transmission may re-
duce impulsivity and enhance attention by improving pre-
frontal cortical behavioral control (579).

The alpha-2-receptor clonidine has been shown to be
superior to placebo in ADHD in a number of randomized
controlled trials, though methodological weakness limit
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TABLE 27.15
USUAL DOSE RANGES FOR MEDICATIONS IN PEDIATRIC ANXIETY
DISORDERS

Drug Starting Dose (mg) Typical Dose Range (mg)

First-Line Treatment

Citalopram 5–20 QD 5–60
Fluoxetine 5–20 QAM 5–80
Fluvoxamine 12.5–50 QHS 25–300
Paroxetine 5–10 QPM 5–60
Sertraline 12.5–25 QAM 25–200
Buspirone 5 BID 5–60

Second-Line Treatment

Clomipramine 12.5–25 HS 25–150 (2–5 mg/kg/day)
Desipramine 10–25 QHS 10–250 (2–5 mg/kg/day)
Imipramine 10–25 QHS 10–200 (2–5 mg/kg/day)
Nortriptyline 10 QHS 10–150 (1–3 mg/kg/day)
Protriptyline 5–10 QHS 5–50 (0.5–2 mg/kg/day)
Clonazepam 0.125–0.5 0.125–3.0
Diazepam 1–2 HS 0.25–5.0
Lorazepam 0.125–0.5 BID 0.125–3.0

Third-Line Treatment

Mirtazapine 7.5–15 HS 15–45
Venlafaxine 12.5–37.5 BID 25–300
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their interpretation (588, part 1). Connor et al. (1999)
(580) conducted a meta-analysis of 11 trials utilizing cloni-
dine (0.10 to 0.24 mg/day) in children with ADHD. Across
parent, teacher, and clinician ratings, positive findings were
observed, with an overall moderate effect size of 0.58 and
great variability depending on the methodology of individ-
ual studies. In one shortterm controlled trial, clonidine was
modestly effective in reducing irritability and hyperactivity
in eight male children with autism (581). Two uncon-
trolled studies (1.5 to 3.2 mg guanfacine/day) found scat-
tered and limited improvement in hyperactivity and inat-
tention (582, 583). Open studies of alpha-2 agonists in a
small sample of aggressive youth with childhood disruptive
behavior disorders demonstrated improvement in opposi-
tion and conduct (584).

Clonidine (CLON) or guanfacine are considered first-
line agents in tic disorders and Tourette’s syndrome due to
their modest efficacy and relatively benign profile com-
pared to the antipsychotic agents. A multicenter, random-
ized, double-blind, 16-week clinical trial conducted in 136
children with ADHD and a chronic tic disorder (CLON
alone, MPH alone, combined CLON � MPH, or placebo)
showed efficacy of clonidine in tic disorders. Compared
with placebo, the greatest benefit for comorbid children oc-
curred with combined CLON � MPH (p � 0.0001). Com-
pared with placebo, tic severity lessened in all treatment
groups in the following order: CLON � MPH, CLON
alone, MPH alone (310). In addition, in an 8-week placebo
controlled study of guanfacine (0.5 mg to 3 mg divided) in
ADHD and tic disorder, Scahill et al. (2001) (585) found
significant superiority of active drug over placebo in both
ADHD symptoms and tic reduction. Based on open-label
studies suggesting benefit for anxiety, arousal, and impul-
sivity, an ongoing RCT of clonidine for posttraumatic stress
disorder is under way (586, 587).

Clonidine may be started as a single bedtime dose (0.05
mg) and titrated over 2 to 4 weeks to a total daily divided
dose of 0.05 mg to 0.4 mg/day, with dose adjustments every
3 to 5 days. Clonidine’s half-life is very short (3 to 4 hours)
so that divided doses may be needed. It is often sedating and
finds one of its most widespread uses as a hypnotic in hy-
peractive youth. Guanfacine has lower potency and a longer
duration of action. Daily doses range from 0.5 to 4 mg/day,
given on a schedule similar to that used for clonidine (588).
Guanfacine and clonidine in children and adolescents have
the common adverse events of sedation/lethargy and irri-
tability (580, 589). Mood disturbances with longer-term
use may also be noted. Sleep disturbances associated with
ADHD may be improved with clonidine (590, 591), al-
though clinical trials report sleep disturbance, such as awak-
ening in the middle of the night (580).

Cardiac side effects (dysrhythmia, bradycardia, hypoten-
sion, first-degree heart block, nonspecific intraventricular
conduction delay) associated with the use of clonidine in
children have been reported (592, 593). Following the cases
of four children who died, presumably while receiving

clonidine in combination with methylphenidate (MPH),
Wilens and Spencer (1999) (358) critically summarized the
literature. The authors acknowledged that clonidine can be
associated with cardiovascular side effects in the context of
coadministered sympatholytic agents or in the face of pre-
existing myocardial impairment. Yet there were mitigating
circumstances surrounding each of these cases, and there
were insufficient data to declare any causal relationship. The
American Heart Association has stated that ECG monitoring
is not routinely required for clonidine treatment (328).

Physiological tolerance may occur, necessitating careful
and gradual withdrawal to avoid rebound hypertension. A
reasonable taper schedule could be reduction by 0.05 mg
clonidine or 0.5 mg guanfacine each 5 to 7 days.

Beta-Blockers

Beta-blockers, agents that block beta-adrenergic receptors,
may be useful for adults in states of hyperarousal, such as
panic, performance anxiety, aggression, and posttrauma.
Beta-blockers differ in pharmacology, such as beta-selectivity
and solubility; propanolol readily crosses the blood-brain
barrier due its lipid solubility. According to a Cochrane
Database of Systematic Reviews, the best evidence for efficacy of
beta-blockers is in the management of aggression in acquired
brain injury (ABI) (594). Only one controlled trial of children
with ADHD and comorbid conduct disorder has been re-
ported (595), demonstrating modest efficacy for 
pindolol compared to MPH. A study of beta-blockers (pro-
pranolol) in adults with trauma suggests that they could 
mitigate or perhaps even prevent PTSD symptoms (596).
Beta-blockers have anecdotally been usefully combined with
stimulants to reduce systemic adrenergic adverse events such
as tremor, for example, nadolol at 20 mg/daily. Lastly, there
are case reports of pindolol used for treatment resistant OCD.

Beta-blockers are generally well tolerated. In addition 
to bradycardia, adverse effects may include fatigue and
bronchoconstriction, so that asthma may be a relative con-
traindication for their use. In these situations, using a 
selective beta-1 antagonist, such as atenolol or betaxolol, is
recommended. Physiological tolerance may occur, necessi-
tating careful and gradual withdrawal to avoid rebound 
hypertension.

Novel Anticonvulsants

Tiagabine, a nipecotic acid derivative that enhances
GABAergic activity by inhibiting GABA reuptake, is ap-
proved for adjunctive treatment of partial seizures in adults
and children older than 12 years (597). Zonisamide, a sul-
fonamide derivative that blocks calcium channels and 
prolongs sodium channel inactivation, is approved as 
adjunctive therapy for partial seizures in patients aged 
16 years and older (597). Both agents have only prelimi-
nary data in adult bipolar disorder (449) and none at all in 
pediatric psychiatry.
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Modafinil

Modafinil, an alerting agent that targets the hypothalamus
and other sleep-regulating areas of the brain, is approved
for the treatment of adult narcolepsy. Its pharmacokinetic
properties have been reviewed (598). Modafinil may have
utility for daytime somnolence in youth, suggested by a sys-
tematic chart review of 13 children (599). Care should be
taken not to use modafinil for somnolence that may be the
result of a sleep disorder such as obstructive apnea to avoid
masking an underlying problem that requires a more spe-
cific intervention. According to commercial sales figures,
sleep experts, psychiatrists, and generalists are increasingly
prescribing modafinil for somnolence not caused by nar-
colepsy, such as found in depression and multiple sclerosis,
as well as for ADHD (600). In one randomized, double-
blind, placebo-controlled study of 24 children, Conners’
Rating Scales ADHD total T scores for the modafinil group
improved compared to control subjects (P � 0.04). Ten of
11 treatment patients were reported as “significantly” im-
proved, whereas 8 of 11 control subjects were reported as
manifesting “no” or only “slight” improvement (P �

0.001) (601).

Nicotine/Acetylcholine

Nicotinic interactions with dopaminergic and glutaminer-
gic systems may be important in cognitive function (602).
Further, there may be genetically distinct subtypes of
ADHD, so that attention problems could be responsive to
receptor subtype selective nicotine agonists (603).
Cholinesterase inhibitors may also be useful in ADHD. For
example, five youth aged 8 to 17 years demonstrated im-
provement in ADHD with the acetylcholinesterase in-
hibitor donepezil (Aricept) (604).

Opiate Antagonists

The opioid antagonist naltrexone has been studied in
autism and specifically for self-injurious behaviors. This
data suggest some positive effect on motoric overactivity
but not on the core social deficits associated with autism
(605). In a trial of 32 adults (7 with autism, 16 with autism
and self-injurious behavior, and 9 nonautistic individuals
with self-injurious behavior), naltrexone did not demon-
strate efficacy for either self-injurious behavior or core
autism symptoms. In fact, naltrexone increased the inci-
dence of stereotypic behaviors, and at 50 mg/d, naltrexone-
treated subjects were rated significantly globally worse than
those on placebo (606).

Alternative Medicines

Although widespread in their use, including in pediatric
populations, studies of herbals, supplements, and other al-
ternative medicine agents or techniques have significant

methodological limitations, including a general lack of
standardization. Potentially useful agents such as omega-
3/6 fatty acids, St John’s wort, melatonin, and others are 
being studied with sponsorship by the National Center 
for Complimentary and Alternative Medicine (NCCAM)
(nccam.nih.gov). As our knowledge base slowly expands
regarding the efficacy of these agents, we are also increas-
ingly aware of adverse effects and potentially clinically sig-
nificant drug interactions (41), despite the public (and
clinician) perception that these “natural” alternative reme-
dies possess a benign safety profile.

Calcium Channel Blockers

Many mood-disordered patients show increased intracellu-
lar calcium alterations during, and even between, depres-
sive episodes, leading to the hypothesis that blockade of
calcium influx may be clinically helpful. Hollister and
Trevino (1999) (607) reviewed the literature for the use of
calcium channel blockers (CCBs) in psychiatry and found
61 reports, including 17 controlled trials, all in adults. Most
studies involved treatment of mania using verapamil but
also included nimodipine. Results were mixed, but typi-
cally lithium and even placebo fared better than verapamil.
Treatment for depression, schizophrenia, tardive dyskine-
sia, and dementia has largely failed to show justification for
the use of CCBs. At this time, this class of drug has no indi-
cation in pediatric psychopharmacology.

CONCLUSION AND FUTURE
DIRECTIONS

In summary, we have seen an exponential growth in our 
evidence-based knowledge of pediatric psychopharmacol-
ogy. The strongest evidence supports the use of stimulants
in ADHD and SSRIs in OCD in children. Support for SSRIs
in major depressive disorder and other anxiety disorders is
substantial. The improved methodology, greater statistical
power, and sheer number of psychopharmacology studies
under way at this time should add greatly to our knowledge
over the next decade. Areas of special interest are in the use
of glutamate and NMDA receptor antagonists that promise
to yield benefits over a range of clinical disorders. Neuro-
biological studies have implicated an intimate role for glu-
tamate in the pathogenesis of OCD symptoms, mediated
through glutamatergic inervation of caudate from pre-
frontal cortex as part of a cortico-frontal-striatal-thalamic
loop (608). As such, the clinical value of glutamate antago-
nists in the treatment of OCD is being actively explored.

One possible etiological subtype of early-onset OCD,
that is pediatric autoimmune neuropsychiatric disorder as-
sociated with streptococcus (PANDAS), has garnered much
attention for its implication that antibiotic treatment may
alleviate symptoms of tics and OCD through suppression
of antibody-stimulating streptococci that indirectly cause
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immune-mediated inflammation of basal ganglia struc-
tures (609). However, definitive evidence that antibody
prophylaxis can reduce symptoms of OCD or prevent re-
lapse is still lacking, despite some empirical evidence sup-
porting this approach.

In the future, the use of sophisticated molecular genetic
as well as functional, structural, and spectroscopic magnetic
resonance imaging studies could lead to the development of
pharmacogenetic and endophenotype studies to better craft
pharmacotherapeutic interventions for children.
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The past three decades have seen a remarkable resurgence
of interest in electroconvulsive therapy (ECT). Indications
have broadened; technical features are better understood,
producing a safer and more effective therapy; and im-
proved devices provide more effective electrical stimulation
and better monitoring of seizures. What began as a treat-
ment for adults, with emphasis on the elderly, is now find-
ing an expanded application with adolescents and even
children, including those with neurologic illness.

In this chapter, I review the history and clinical experi-
ence with ECT in children and adolescents; discuss
guidelines and indications for its consideration; review
physiological effects, treatment techniques, side effects,
and patient attitudes; discuss theories of a mechanism of
action; and call for greater flexibility in considering the use
of ECT among children and adolescents with neuropsychi-
atric illness.

HISTORY

ECT was apparently first given to a child around 1941
(Hemphill & Walter, 1941) and to adolescents (two
teenagers) in 1942 (Heuyer & Bour, 1942), approximately 4
to 5 years after the first administration of ECT to an adult. In
1943, Heuyer and colleagues (1943) reported the adminis-
tration of ECT to 40 adolescents and children with various
psychiatric diagnoses and found the treatment safe as well as

effective for melancholia and (to a lesser extent) mania, but
not for schizophrenia. In 1947, Bender (1947) reported that
ECT improved the capacity of 96 of 98 children and adoles-
cents with schizophrenia to deal with problems in living,
and that treatment did not interfere with intellectual func-
tioning or development, nor did it have any lasting effect on
the electroencephalogram (EEG). In a follow-up of 32 of
these patients, Clardy and Rumpf (1954) found that the
effects of ECT were “temporary and resulted in no sustained
improvement in the patterning of behavior” (p. 620).

These early reports were followed over the next several
decades by additional case reports and small series involving
scores of patients, which were reviewed by Bertagnoli and
Borchardt (1990) and by Schneekloth et al. (1993). Despite
numerous methodological limitations in these reports (Rey
& Walter, 1997), ECT was found to be generally effective and
free of serious side effects, including death. For patients with
affective disorders or with catatonia, the results were
described as “excellent” or it was stated that the subjects “re-
covered.” In adolescent patients with schizophrenia, ECT
elicited transient reductions in symptoms; however, those
with severe character pathology or substance abuse had poor
outcomes. An exception to these generally positive findings
was the survey by Guttmacher and Cretella (1988) of 10
years of ECT experience at Strong Memorial Hospital. Only
one of their four patients improved, and “prolonged
seizures” occurred in three of the patients. The marked limi-
tations of this report have been discussed by Abrams (2002).
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CONTEMPORARY CLINICAL
EXPERIENCE

The experience with ECT in adolescents and children has
been limited by the philosophical view (now changing)
that mental disorders in these age groups are largely caused
by parenting and childhood psychosocial events, with bio-
logical contributions limited to a few conditions resulting
from specific genetic defects or birth trauma. Perhaps
because of this view, ECT has received scant consideration
in textbooks of child and adolescent psychiatry. Consider-
ation of ECT is also limited by concerns that seizures may
damage the developing brain (Wasterlain, 1997; Camfield,
1997). An issue of Lancet carried a plea for a ban on the use
of ECT in adolescents, arguing that adolescents cannot give
informed consent for this treatment because they cannot
competently assess the risks it poses to their learning and
education (Baker, 1995). This negative public attitude
toward the use of ECT in children and adolescents is also
codified in legislation. In 1993, the Texas legislature
banned the administration of ECT to persons younger than
16 years of age. Legislation in California (1974), Tennessee
(1976), and Colorado (1977) prohibits the use of ECT in
minors under 12, 14, and 16 years of age, respectively.

In a survey of the attitudes of child psychiatrists regarding
the treatment of depression in young patients of various
ages, 42% of the respondents opined that ECT was not useful
in children, and 19% believed that ECT was not useful in
adolescents for the treatment of psychotic depression, even
when the condition was identical to that in adults (Parmar
1993). The respondents were unanimous, however, in their
willingness to prescribe medications for these conditions.

In a 1978 survey of psychiatrists’ attitudes toward ECT,
only a small group felt that use of ECT in children and ado-
lescents was acceptable, even in rare situations (American
Psychiatric Association, 1978). A 1981 survey of child and
adolescent psychiatrists in the United Kingdom revealed that
less than 7% would consider using ECT in adolescents (Pip-
pard and Ellam 1981). Ghaziuddin and colleagues (2001)
surveyed a sample of members of the American Academy of
Child and Adolescent Psychiatry (1998–1999) and found
that the majority (70%) regarded ECT as a treatment of last
resort. Yet, 54% indicated that they possessed minimal
knowledge of ECT and 75% lacked confidence in providing
a second opinion about ECT in children and adolescents. In
a 2000 survey of the child psychiatrists in Australia and New
Zealand, most (76%) approved of the use of ECT in adoles-
cents (only 26% approved of its use in children), but only
41% felt confident about giving an opinion about its use if
consulted (Walter & Rey, 2003b). The use of ECT in children
and adolescents was not addressed in the 1985 National
Institute of Mental Health (NIMH)-sponsored Consensus
Development Conference on ECT (Consensus Conference,
1985). The American Psychiatric Association’s Task Force on
ECT did consider guidelines for the use of ECT in adolescents
and children in both its 1990 (American Psychiatric Associ-

ation, 1990) and 2001 (American Psychiatric Association,
2001) reports, as did the Royal College of Psychiatrists in its
1995 book, The ECT Handbook (Freeman, 1995). The Amer-
ican Academy of Child and Adolescent Psychiatry has re-
cently issued guidelines on the use of ECT in adolescents
(2004). These reports are discussed below.

Electroconvulsive Therapy in Adolescents

Although there are no controlled data on the use of ECT in
adolescents or children, since 1990 a growing clinical
experience suggests that ECT may be very effective for ado-
lescents with certain severe psychiatric illnesses (Table 28.1).
Several of these reports represent methodological improve-
ments over the earlier literature, with larger sample sizes,
standardized diagnostic and outcome criteria, and more
contemporary ECT technique. In general, the response rates
(variously defined) to ECT ranged from approximately 50 to
90%, with higher rates for those patients with mood disor-
ders or catatonia (Cohen et al., 1999; Ghaziuddin et al.,
2002). These response rates are particularly noteworthy be-
cause almost all of the patients were severely ill (some had
catatonia) and had failed to respond to multiple trials of
medications and various psychotherapies. The number of
treatments received was similar to that in adults.

Adverse effects from ECT were inconsistently sampled.
In general, systemic side effects (headache, nausea, vomit-
ing) were common, yet mild, transient, and responsive to
symptomatic treatment. There were no fatalities. Prolonged
or tardive seizures were described in some patients, but it
remains unclear whether adolescents and children are at
greater risk for such events than adults (Ghaziuddin et al.,
2002; Walter and Rey, 1997).

Cognitive side effects (brief confusion, memory com-
plaints) also appear to be common, mild, and temporary,
but data are limited. Gurevitz and Helme (1954), examin-
ing cognitive and personality assessments in 16 children
who had received bilateral sine-wave ECT, found no long-
term impact on intellectual efficiency. Cognitive perfor-
mance was reduced immediately after ECT but returned to
baseline during the 5- to 27-month follow-up. Subjects’
performance on simple cognitive and perceptual tests was
unimpaired within 48 hours of the end of an ECT series.
Two recent follow-up studies also provide encouraging
findings. Cohen et al. (2000) assessed cognitive function-
ing in ten adolescents an average of 3.5 years after receiving
successful bilateral ECT for severe mood disorders (nine
were euthymic and one was mildly hypomanic), and com-
pared the results to a group of psychiatric controls matched
for age, gender, and diagnosis. There were no group differ-
ences on any of the measures, including the Mini-Mental
State examination, the attention section of the Wechsler
Memory Scale-Revised, and the California Verbal Learning
Test. Although six of the ten patients treated with ECT com-
plained of memory problems (Squire Subjective Memory
Questionnaire) immediately after treatment, only one pa-
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TABLE 28.1
SELECTED REPORTS OF ECT IN CHILDREN AND ADOLESCENTS SINCE 1990

Study Subjects ECT Technique Findings

(continued)

Paillere-
Martinot
et al. 1990

Cook and
Scott 1992

Schneekloth
et al. 1993

Kutcher and
Robertson
1995

Otegui et al.
1995

Ghaziuddin
et al. 1996

Moise and
Petrides
1996

Cohen et al.
1997

Hedge et al.
1997

n � 9, 15–19 years old;
Dx: schizophrenia (n � 2), delusional depression

(n � 4), delusional mania (n � 3)

n � 5, all 17 years old, from Royal Edinburgh
Hospital 1982–1992;

Dx: schizophrenia (n � 3), depression (n � 1),
bipolar depression (n � 1)

n � 20 (10B, 10G), 13–18 years old, from Mayo
Clinic 1983–1991;

DSM-III-R schizophrenia/schizophreniform/
schizoaffective (n � 10), depression (n � 5),
bipolar (n � 4), “none” (n � 1)

n � 16, 16–22 years old (mean � 19.6), over 8
years at Sunnybrook Health Science Center,
Toronto;

DSM-III-R bipolar mania (n � 8) or bipolar
depression with psychosis (n � 8)

n � 29, 13–16 years old (median 15.1),
Montevideo, Uruguay 1988–1995;

DSM-III-R schizophrenia/schizophreniform/
schizoaffective (n � 18), impulsive-aggressive
disorder (n � 5), major depression with
psychotic features (n � 2), bipolar manic (n �

1), obsessive compulsive disorder (n � 1)
n � 11, 13–18 years old (mean 16.3), over 3 years

at University of Michigan;
DSM-III-R major depression (n � 9), bipolar

depression (n � 1), organic mood disorder 
(n � 1)

n � 13 (11B, 2G), 16–18 years old (mean � 16.3),
University Hospital Stony Brook, 1983–1993;

DSM-III or III-R bipolar disorder (n � 4), schizo-
phreniform disorder (n � 3), psychosis NOS (n
� 2), catatonia (n � 2), schizophrenia (n � 1),
major depression with psychosis (n � 1)

n � 21 (12B, 9G), 14–19 years old (mean � 17),
Pitie-Salpetriere, Paris, 1984–1995;

DSM-III-R major depression with psychosis (n �

10), schizophrenia/schizoaffective (n � 7),
mania with psychosis (n � 4)

n � 14, �16 years old (mean 12.4), NIMH
Bangalore, India, 1990–1991; 

Dx: functional psychosis

Sine waveform; Bitemporal X
9, 3X/week

Not described

Pulse waveform; bitemporal
(n � 8), right unilateral (n �

9), mixed (n � 3); median
11.5 ECTs (range 8–21)

Pulse waveform; bitemporal
(87% of treatments), right
unilateral (13% of treat-
ments) twice weekly for a
mean � 10.4 ECTs (range
6–12)

Pulse (n � 13) or sine (n � 16)
waveform; bitemporal
(100%); median 8.4 ECTs
(range 3–13)

Pulse waveform; right
unilateral (n � 3), bi-
temporal (n � 2), mixed (n
� 6); thrice weekly for a
mean 11 ECTs (range 7–15)

Pulse waveform; bitemporal
(n � 8), right unilateral (n �

4), mixed (n � 1); thrice
weekly for a mean 10.9
ECTs (range 3–20)

Sine waveform; bitemporal;
thrice weekly for a mean
9.5 ECTs (range 3–15)

Sine waveform; right
unilateral; thrice weekly for
4–11 ECTs

Resolution of symptoms in 8
patients (89%); With
continuation drug therapy
(variable), 7 well at 3 months
and 4 well at 6–12 months;
Acute side effects: subjective
memory disturbance (3),
mania/hypomania (2),
somnolence (2), headache (1)

Not described

70% “improved”; “No residual
adverse effects at discharge”

Significant (70%) reduction in
BPRS scores, and shorter length
of stay than patients refusing
ECT (74 vs. 176 days); 28% with
“acute” side effects (headache,
confusion, agitation, memory
disturbance, vomiting)

83% “improved”; No
“complications were observed”

64% became euthymic (CDSR-R
score �40); No change in
MMSE; Acute side effects
included headache (80%) and
nausea/vomiting (64%)

10 (77%) responded (remission of
presenting symptoms for at
least 1 month post ECT); No
“complications”

16 (76%) “improved”; 50% with
mild side effects (headache,
nausea, vomiting) or memory
complaints

13 (93%) “rated as markedly
improved”
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TABLE 28.1
(continued)

Study Subjects ECT Technique Findings

All studies are retrospective.
BPRS � brief psychiatric rating scale; CDSR � children depression rating scale; RDC � research diagnostic
criteria.

Rey and
Walter
1997

Walter and
Rey 1997

Duffett et al.
1999

Strober et al.
1998

Bloch et al.
2001

Review of 60 studies comprising 396 patients;
7–18 years old with various diagnoses
(information was incomplete)

n � 42 (24 B, 18G) patients received 49 courses
of ECT; 14–18 years old, state of New South
Wales, Australia, 1990–1996;

DSM-IV major depression (n � 14 courses), major
depression with psychosis (n � 14 courses),
schizophrenia (n � 12 courses), schizoaffective
disorder (n � 4 courses), mania (n � 3 courses),
psychotic disorder NOS (n � 2 courses)

n � 12 (8G, 4B), 12–17 years old, United
Kingdom, 1996;

Dx: depressive illness (n � 8), manic illness 
(n � 2), schizoaffective (n � 1), and
schizophrenia (n � 1)

n � 10 (7G, 3B); 13–17 years old, UCLA
1978–1996;

RDC major depression (n � 7) or bipolar
depression (n � 3)

n � 24 (15G, 9B); 13–19 years old, Shalvata
Hospital, Israel, 1991–1995;

DSM-III-R schizophrenia (n � 15), schizo affective
(n � 4), major depression (n � 4), bipolar
depression (n � 1)

Information incomplete

Pulse waveform; right
unilateral (90%), bitemporal
(11%), mixed (26%); Thrice
weekly for a mean � 9.5
ECTs (range 4–21)

No information

Pulse waveform; right
unilateral (n � 2), bitem-
poral (n � 1), mixed (n �

7); Thrice weekly for a
mean 12.1 ECTs (range
10–18) 

Pulse waveform; bitemporal;
8–34 ECTs

Of 154 patients with adequate
data, 81 (53%) showed “marked
improvement or recovery” (63%
with depression, 80% for mania
or catatonia, and 42% for
schizophrenia); “adverse effects
appeared similar in type and
frequency to those in adults”

51% with “marked improvement
or resolution of symptoms”;
“minor side effects” (e.g.,
headache, memory complaints,
nausea and vomiting) occurred
in 65% of courses and were
transient

Of 11 patients with data, 8 (73%)
were rated as “improved or
very much improved”; side
effects not reported

60% “complete remission” and
40% “partial remission”;
procedure was well tolerated,
with headache in 50%

58% “achieved remission”; “no
serious adverse events”

tient continued to complain of difficulty with memory at
follow-up. Ghaziuddin et al. (2000) followed 16 adoles-
cents for an average of 8.5 (� 4.9) months after ECT.
Although at 1 week after ECT the patients showed impair-
ments in attention, concentration, verbal fluency, and ver-
bal and visual delayed recall, their cognitive functioning
had returned to pre ECT levels by the follow-up assessment
(not every patient received every test).

Due to limitations in these reports, it is not possible to
determine the relation of therapeutic response or cognitive
side effects to technical parameters such as stimulus elec-
trode placement and stimulus dosage.

Electroconvulsive Therapy in Children

The experience with children has also been positive, if much
more limited. Carr and colleagues (1983) described the suc-
cessful use of seven right unilateral ECT treatments to

induce euthymia in a 12-year-old girl with medication-
resistant mania and ventricular enlargement on brain com-
puted tomography (CT) imaging. Black and colleagues
(1985) described the successful treatment of a depressed 11-
year-old boy with suicidal intent and severe head banging.
The boy received 12 right unilateral ECT treatments, which
resulted in remarkable improvement in his depressive
symptoms. In the four cases reported by Guttmacher and
Cretella (1988), the one patient who responded well was a
9-year-old boy. In another report, a 13-year-old pre-
pubescent boy with depressive stupor was successfully
treated with right unilateral ECT (Powell et al., 1988). This
boy also exhibited dexamethasone suppression test changes
that paralleled similar observations in depressed adults.
More recently, Cizadlo and Wheaton (1995) described suc-
cessful ECT (15 bilateral, then four right unilateral brief
pulse treatments) in an 8-year-old girl in whom a severe
catatonic stupor developed while she was taking antide-
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pressant medication for DSM-III-R major depression; there
were no observable deleterious side effects from the ECT.
Hill and colleagues (1997) described two boys, 7 and 8 year
olds, with DSM-IV mania, who responded well to brief
pulse ECT (one received right unilateral electrode place-
ment, the other both right unilateral and bilateral electrode
placement). The treatments were associated with “minimal
postictal confusion.”

Electroconvulsive Therapy in Children 
and Adolescents With Associated
Neurological Disease

In contrast to a growing literature on the use of ECT in adults
with associated neurologic disease (Coffey & Kellner, 2000;
Krystal & Coffey, 1997), there are only a small number of
such reports in children or adolescents. An examination of
the clinical descriptions of the “schizophrenic” children in-
cluded in Bender’s (1947) study suggests that at least some of
these patients may have had brain disease (e.g., “en-
cephalopathy beginning by age 2 years”). Most of Bender’s
patients were reported to have improved after sine-wave bi-
lateral ECT. The successful use of ECT in three depressed pa-
tients with epilepsy has been reported, and in none was the
experience described as adverse (Bender, 1947; Mansheim,
1983; Schneekloth et al., 1993). Indeed, the 17-year-old pa-
tient with epilepsy described by Mansheim (1983) also had
meningomyelocele, hydrocephalus, and a functioning shunt,
and responded to a course of seven right unilateral, brief
pulse ECT treatments. Brief-pulse ECT was reported to be safe
and effective in a male adolescent who had experienced a sin-
gle spontaneous grand mal seizure immediately before the
course of ECT (Schneekloth et al., 1993). As described previ-
ously, seven right unilateral brief-pulse ECT treatments pro-
duced euthymia in a 12-year-old girl with mania, a history of
left posterior slowing on electroencephalogram (EEG), and
enlarged lateral ventricles on brain CT scan (Carr et al., 1983).
Depression was successfully treated with brief-pulse ECT in
an adolescent with a septum pellucidum cyst (Schneekloth et
al., 1993). Twelve ECT treatments lessened depressive symp-
toms in a 17-year-old girl with Kleine-Levin-Critchley syn-
drome (Jeffries & LeFebre, 1973). A 17-year-old girl with
Down syndrome who had failed to respond to nortriptyline
showed marked improvement in mood, behavior, and activ-
ities of daily living, and was actually able to return to school
following 14 ECT treatments (Warren et al., 1989). Zaw and
colleagues (1999) reported that brief pulse bifrontal ECT (13
treatments) was dramatically effective in treating severe
catatonia in a 14-year-old boy with autism and depressive
symptoms. Ghaziuddin and colleagues (2002) reviewed the
effectiveness of ECT in adolescents and children with catato-
nia, and described the successful use of ECT for malignant
catatonia in a 17-year-old girl with malignant neuroleptic
syndrome (MNS). ECT was not effective in another adoles-
cent with depression following traumatic head injury
(Paillere-Martinot et al., 1990).

Electroconvulsive Therapy Utilization in
Adolescents and Children

In adults the use of ECT appears to be increasing, although
there is dramatic variation in such usage (from 0.4 to 81.2
patients per 10,000 population) across regions of the
United States (Hermann et al., 1995; Rosenbach et al.,
1997). The limited data that exist for adolescents and chil-
dren suggest that the rate of ECT use is low. According to
data from the National Institute of Mental Health, of
33,384 patients receiving ECT in the United States in 1980,
only 500 (1.5%) were between the ages of 11 and 20
(Thompson & Blaine, 1987). Approximately 0.3% of all pa-
tients receiving ECT in California between 1977 and 1983
were younger than the age of 18 (Kramer, 1985). Rey and
Walter (1997) reviewed the use of ECT in the state of New
South Wales, Australia (population approximately six mil-
lion) between 1990 and 1995 and found that only 42
(0.93%) patients were younger than 18 years old. These
authors found similar rates (1.53/100,000 adolescents) in
a follow-up study of ECT use in New South Wales between
1996 and 1999 (Walter & Rey, 2003a). Among those pa-
tients who received ECT, there was an increase in the pro-
portion of girls hospitalized involuntarily from 1990 to
1995 and from 1996 to 1999. Chung (2003) reviewed a
central database of ECT use in all public hospitals in Hong
Kong from 2001 to 2002, and identified 14 patients (9% of
the total sample) between the ages of 15 and 19. Scott and
colleagues (2005) reported that while 2.5 patients per
100,000 people younger than 18 years had received ECT in
Edinburgh from 1993 to 1998, no patient younger than 18
had received ECT in the ensuing 5 years (1999 to 2004).

THE PHYSIOLOGY OF
ELECTROCONVULSIVE THERAPY

The physiology of ECT is well defined in adults. Because we
have little information about any differences in physiolog-
ical effect of ECT in children and adolescents, we infer the
physiological effects from the available experience.

Cerebral Physiology

In convulsive therapy, a chemical (flurothyl or pentylenete-
trazol) or an electrical stimulus elicits a generalized
cerebral seizure. There appears to be no difference in the
efficacy of treatments using electrical or chemical induc-
tion, and no theory of the mode of action assigns specificity
to the electrical stimulus. How ECT seizures are propagated
is not well understood. Bilateral ECT appears to lead
to seizure generalization via direct stimulation of the
diencephalon, whereas seizures induced with unilateral
stimulation may begin focally in the stimulated cortex and
then generalize via corticothalamic pathways (Brumback &
Staton, 1982; Staton et al., 1981).
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During the initial tonic motor phase of the convulsion,
EEG activity is variable, consisting of low-voltage fast activ-
ity with polyspike rhythms. EEG activity rapidly evolves
into the hypersynchronous polyspikes and waves that char-
acterize the clonic motor phase. These regular patterns
begin to slow and eventually disintegrate as the seizure
ends, usually terminating abruptly in a “flat” EEG (Weiner
& Krystal, 1993).

During the ECT course, cumulative changes are ob-
served in the interictal EEG. Increasing predominance of
theta and then delta activity varies with the number and fre-
quency of ECT treatments given in the course (Weiner &
Krystal, 1993). The interictal EEG typically returns to base-
line within 30 days of completion of the ECT course.

An ECT-induced seizure is associated with increases in
cerebral blood flow, cerebral blood volume (resulting in a
transient rise in intracranial pressure), and cerebral
metabolism of oxygen and glucose (Bolwig et al., 1977;
Broderson et al., 1973; Prohovnik et al., 1986). The tran-
sient increase in intracranial pressure is rarely of clinical
consequence, but anticipation of this increase is the reason
that ECT is proscribed in patients with intracranial space-
occupying lesions. Postictally, cerebral blood flow and
metabolism decrease and remain low for at least several
days after the seizure, but then return to normal values.
ECT induces a temporary functional increase in cerebrovas-
cular permeability. Disruption in blood-brain barrier per-
meability also occurs (Bolwig et al., 1977). Such changes
may account for the short-lived increase in T1 relaxation
times observed on brain magnetic resonance (MR) imaging
after ECT (Mander et al., 1987; Scott et al., 1990).

Cardiovascular Physiology

ECT results in a marked activation of the autonomic nervous
system, and the relative balance of parasympathetic and
sympathetic nervous system activity determines the cardio-
vascular effects. Vagal (parasympathetic) tone, reflected in
bradycardia or asystole, is sharply increased with the admin-
istration of the electrical stimulus. The cerebral seizure also
activates the sympathetic nervous system, and this activation
is expressed in increases in heart rate, blood pressure, and
cardiac output (Webb et al., 1990). Peripheral sympathetic
activation is manifested in piloerection and gooseflesh.
Tachycardia and hypertension continue throughout the ictus
but generally end with the seizure; these actions oppose the
tendency to bradycardia and asystole. Shortly after the seizure
terminates, there may be another period of increased vagal
tone, possibly expressed as bradycardia and dysrhythmias,
including the appearance of ectopic beats. As the patient
awakens from anesthesia, increased heart rate and blood
pressure may result from arousal (Welch & Drop, 1989).

The cardiovascular responses occurring during ECT
combine to produce an increase in myocardial oxygen de-
mand and a decrease in coronary artery diastolic filling
time. Transient electrocardiogram (ECG) changes in the ST

segment and the T waves may develop in some patients,
although the relationship of these changes to myocardial
ischemia is unclear. No corresponding increase in cardiac
enzyme levels accompanies the ECG changes (Braasch &
Demaso, 1980). A study that used echocardiographic mon-
itoring during and after ECT reported transient regional
heart-wall motion abnormalities more often in older adult
patients with ST-T changes on ECG, suggesting the occur-
rence of a period of myocardial-demand ischemia in these
patients (Messina et al., 1992).

THE PRACTICE OF ELECTROCONVUL-
SIVE THERAPY IN ADOLESCENTS 
AND CHILDREN

ECT is a complex medical intervention in which general-
ized seizures are repeatedly elicited under anesthesia. It
requires the coordinated skills of a psychiatrist, an anesthe-
siologist, and trained nursing and support personnel in a
facility equipped to ensure patient safety and optimal ECT
technique. The standards of ECT practice in Western coun-
tries are well documented (Abrams, 1997; American Psy-
chiatric Association, 2001; Fink, 1988; Freeman, 1995).

Indications for Electroconvulsive Therapy

ECT has been developed and tested in the treatment of
adults, and an extensive literature supports its use in adults
of all ages, including the elderly (Abrams, 1997; American
Psychiatric Association, 2001). ECT is an important treat-
ment option, and may indeed be lifesaving, in patients
with severely disturbed mood, suicidal ideation, agitation,
restlessness, excitement, delirium, stupor, or catatonia. Not
only do the mood aspects of these disorders respond, but
psychosis, delirium, and abnormal motor activity (catato-
nia, parkinsonism, stupor), common accompaniments of
the major mood disorders, also improve (Fink, 1993a).

Perhaps surprisingly, ECT is also a viable choice in
patients whose thoughts have become so delusional as to
interfere with normal living or whose despondency is ac-
companied by the vegetative turmoil of severe insomnia,
anorexia, weight loss, inanition, perplexity, confusion, in-
ability to concentrate, or “dementia.” Such behaviors may
arise without a defined biological cause, as occurs in the ma-
jor mood or bipolar disorders, or may be a feature of a sys-
temic disorder such as Parkinson’s disease; they may also oc-
cur consequent to a cerebral stroke or result from metabolic
or toxic derangement of brain functions. It is these abnor-
mal behaviors, not the underlying pathology, that are the
focus of treatment. For this reason, the decision to under-
take ECT is defined not solely by the clinical diagnosis, the
longitudinal history of malfunction, or the patient’s age, but
rather by the dominant cross-sectional clinical features,
their duration, and their severity. ECT has the broadest spec-
trum of therapeutic activity of any modern biological treat-
ment in neuropsychiatry.
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Illnesses characterized by a lifelong history without
specific acute onset of a defined psychopathology are not in-
dications for ECT. Patients with only “psychoneuroses,” sit-
uational maladjustments, character pathology, substance
abuse, social pathology, or sexual identification syndromes
are poor candidates for ECT. Although these caveats have
been developed in the treatment of adults, it is likely that
they are equally applicable to adolescents. None of the ado-
lescents with only personality disorders in the Mayo Clinic
sample responded to ECT (Schneekloth et al., 1993). The
two nonresponders in the Stony Brook sample also had se-
vere character pathology (Moise & Petrides, 1996).

There is also little merit in considering ECT unless the
technical requirements for safe administration are avail-
able at the institution in which the patient is being
treated, that is, trained and competent therapists and
nursing personnel, knowledgeable collaborating anesthe-
siologists, modern technical equipment to induce and
monitor seizures, established practice guidelines and priv-
ileging standards, and financial support to allow its use.
The absence of such facilities in many state, municipal,
and federal hospitals, as well as in many private and aca-
demic hospitals, is a principal impediment to the consid-
eration of ECT (Hermann et al., 1995).

Given these considerations, both the American Psychi-
atric Association (2001) and the American Academy of
Child and Adolescent Psychiatry (2004) have issued guide-
lines that specify indications for ECT in adolescents and
children. Both organizations agree that adolescents and
children must meet specific criteria regarding (1) diagnosis
(specifically major depression, mania, schizoaffective dis-
order, schizophrenia, and neuroleptic malignant syn-
drome); (2) severity of illness (the patient’s symptoms must
be severe, persistent, and disabling); and (3) failure to re-
spond to an adequate trial of drug therapy (the American
Academy of Child and Adolescent Psychiatry specifies that
the patient must have failed two adequate drug trials). Both
organizations allow for ECT earlier in the patient’s illness if
the patient cannot safely take the medication, or if waiting
for a response to the medication would endanger the youth.

Pretreatment Evaluation

Once the patient’s treatment team has made the decision to
treat with ECT, a consultation is required from at least one
other psychiatrist (The American Psychiatric Association
[2001] recommends the use of two additional consultants
for children younger than the age of 13). This preECT eval-
uation should be performed by an individual privileged to
administer ECT and experienced in the treatment of ado-
lescents and children. The goals of the preECT evaluation
are to (1) determine if ECT is indicated, (2) establish base-
line measures of efficacy and cognitive side effects, (3) op-
timize the treatment of any active medical problems, (4)
initiate the process of informed consent, and (5) begin
preparation of the patient and family for the procedure

(Coffey, 1998). Of course, findings from the preECT evalu-
ation should be documented in the clinical record.

The indications for ECT in adolescents and children
were discussed previously. These indications are identified
through a thorough and detailed neuropsychiatric history,
interview, and examination. The historical review should
include a review of the adequacy of previous pharmaco-
logic and psychosocial treatments, as well as response to
prior courses of ECT. A thorough mental status examina-
tion establishes the presence of signs of the mental disor-
der. Handedness is assessed for its relevance to the decision
to use unilateral ECT with nondominant placement. A
minority of left-handed patients and patients with mixed
dominance may have language localized to the right hemi-
sphere, an issue of importance when one is determining the
nondominant hemisphere for unilateral treatment.

Most patients are referred for ECT after failing to re-
spond to psychotropic medications, and the decision to try
ECT is made while these medications are still being actively
prescribed. An evaluation of such medications is required
for optimal ECT (Fink, 1994; Kellner, 1993). Generally, all
psychotropic medications are discontinued prior to ECT.
Lithium taken in proximity to ECT has been linked to an
increased incidence of delirium and seizures, and the cus-
tomary practice is to discontinue lithium therapy. If the
practitioner considers concurrent lithium to be beneficial,
dosages are usually not given in the 24 hours before each
ECT treatment so that lower serum lithium levels can be
sustained during the seizure. Because some authors (e.g.,
Kellner, 1993) have described an impairment of seizure ef-
ficacy when benzodiazepines are administered, these drugs
are usually discontinued before a course of ECT. An excep-
tion to this rule has recently been described in the manage-
ment of patients with persistent or recurrent catatonia
(Petrides et al., 1995). When benzodiazepine use is contin-
ued during ECT, adjustments are made in energy dosing
and electrode placement to ensure adequate treatments.

Antidepressant medications are frequently discontinued
prior to ECT, mainly because there is little evidence of syn-
ergism. Some practitioners are concerned that tricyclic an-
tidepressant drugs may alter cardiac functions, especially in
the elderly, and therefore discontinue antidepressant drugs
in ECT patients with a history or evidence of cardiovascular
disease. Anesthesiologists may be concerned that recent
exposure to monoamine oxidase inhibitors (MAOIs) will
interfere with the action of succinylcholine. Studies by El-
Ganzouri and colleagues (1985), among others, find no
basis for such concern, and ECT may be administered safely
in the presence of MAOIs or even when their use has only
recently been discontinued.

Antipsychotic medications may be continued, as there is
evidence suggesting synergism of ECT with these drugs
(Klapheke, 1993).

Objective data are essential for determining the outcome
of the course of ECT. Baseline affective and cognitive status
should be documented. The HAM-D or the Montgomery-
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Asberg Depression Rating are standardized assessment in-
struments that are often used at intervals throughout the
ECT course. Cognitive testing should focus upon memory
and new learning ability. More extensive neuropsychologi-
cal testing may be indicated in patients with certain neuro-
logic illnesses. The American Academy of Child and
Adolescent Psychiatry (2004) specifies that memory func-
tion should also be assessed “at an appropriate time after
ECT treatment (usually between 3 to 6 months).”

Although ECT is among the safest medical treatments
that require general anesthesia, the procedure does produce
temporary, robust changes in cerebral and cardiac physiol-
ogy, as described previously. As such, a thorough medical
history and physical examination should be performed
that focuses upon these two organ systems, as well as upon
the pulmonary, dental, and musculoskeletal systems. A
personal or family history of complications from previous
anesthesia should be noted. Although there are no absolute
contraindications to ECT, serious disease of the cardiovas-
cular, central nervous, pulmonary, or musculoskeletal sys-
tems will require optimal treatment prior to ECT, and the
ECT technique may need to be modified. Adjustments may
be required in some medications (e.g., insulin, anticonvul-
sant medications). Consultation with anesthesia personnel
is important because the provision of general anesthesia is
associated with some (albeit small) medical risk. Indeed,
an anesthesiologist experienced in ECT may also serve as
the “medical” consultant and can greatly facilitate the med-
ical evaluation of patients with systemic illness. Additional
consultation from other specialists may occasionally be re-
quired. A limited laboratory evaluation is sufficient for
most patients (ECG, serum potassium). All girls should
have a pregnancy test unless pregnancy is not possible.

Initiating the process of informed consent is an essen-
tial element of the preECT workup. The consent process
should include the patient and the family, and should
provide information about the indication for ECT, the
efficacy of ECT for that indication, alternative treatments
to ECT, a description of the ECT procedure, expected rou-
tine side effects, less common side effects, and any condi-
tion that raises the risk of the procedure. Various written
and video materials can facilitate the educational process.
Written informed consent must be obtained, and The
American Psychiatric Association’s Task Force on ECT
(2001) provides a model consent form which is an excel-
lent template. The requirement that minors provide con-
sent before receiving ECT varies by state, and practitioners
must consider individual state laws governing the age at
which a person can consent to psychiatric treatment and
to ECT or surgical (i.e., anesthesia) procedures. In some
states, the ages of consent may differ for the two proce-
dures. If the patient is too young to give consent or is
incompetent, a guardian provides consent. Surrogate
(parental or guardian) consent is acceptable for non-
competent patients in some states; in others, however, a
court proceeding is mandated.

Finally, the preECT evaluation affords the clinician an
opportunity to establish important interpersonal relation-
ships with the patient and family which are additionally
therapeutic as well as personally rewarding to the clinician.

Electroconvulsive Therapy Procedure

In the United States, ECT is commonly administered as a se-
ries of single treatments on alternate mornings. Many adults
now receive ECT on an outpatient basis, and this setting may
be appropriate for many adolescents and children who meet
appropriate criteria. The American Academy of Child and
Adolescent Psychiatry (2004) recommends however, that
ECT be administered to adolescents (and presumably chil-
dren) on an inpatient basis. ECT is typically administered in
either a special treatment suite or the recovery area of an op-
erating room suite. Patients should have nothing to eat or
drink for at least 8 hours prior to treatment.

In our experience with adolescents, we have found a re-
markable equanimity and acceptance of ECT procedures by
our patients once the need for the treatment is established
and the procedures explained. Their physical tolerance of
the procedures and rapid recovery from anesthesia allows
them to participate in daily activities, including school
classes, shortly after each treatment session.

The standard technique requires the establishment of a
patent intravenous line. Electrodes for stimulation and for
monitoring of the seizure are applied according to the
appropriate technique. The medication sequence includes
anticholinergic premedication (glycopyrrolate or atropine)
to prevent vagal-mediated cardiac slowing (if indicated),
followed by an anesthetic to induce amnesia (usually
methohexital) and succinylcholine for muscle relaxation.
Throughout the procedure, the patient is ventilated with
100% oxygen. Heart rate, blood pressure, and blood oxy-
gen saturation are also monitored.

Once the patient is asleep and relaxed, a specially de-
signed bite block is inserted into the mouth to protect the
teeth from injury during jaw clenching as the electrical
stimulus is applied. A predetermined electrical stimulus
(see subsequent discussion on electrical stimulus dosing) is
delivered, and, typically, a generalized seizure lasting from
30 to 90 seconds ensues. The seizure is monitored by
observing brain electrical activity via EEG, and motor man-
ifestations of the seizure via a blood-pressure cuff at the an-
kle (typically the right) inflated above systolic pressure to
prevent access of succinylcholine to that extremity. Ventila-
tory support is continued until the patient breathes spon-
taneously, and further recovery is provided in a supportive
environment. In addition, because the use of succinyl-
choline may be associated with an increased risk of
malignant hyperthermia in children, patients should be
monitored closely after each treatment for fever, muscular
rigidity, and delirium (Welborn, 1996). The entire proce-
dure takes approximately 20 minutes, and patients are
often able to shower, dress, and have breakfast within an
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hour of the time of treatment. The American Academy of
Child and Adolescent Psychiatry (2002) recommends that
patients be monitored for 24 hours after an ECT treatment
for the occurrence of tardive seizures.

A typical ECT course consists of six to 12 treatments, al-
though occasional patients may require fewer or more
treatments to achieve a full response. ECT is discontinued
when the patient has achieved maximal clinical improve-
ment or when side effects outweigh any further beneficial
effects of the treatment. Special attention is given to con-
tinuation/maintenance treatment with either medication
or ECT (see subsequent discussion on this topic).

Electrical Stimulus Dosing

The ECT stimulus should be delivered with a contemporary
brief pulse, constant current device. Seizure threshold (the
minimum amount of energy required to elicit an ECT
seizure) increases with age (Coffey et al., 1995a; Sackeim et
al., 1987); it is lowest in adolescents and children. Recent
data in adult samples suggest an interaction of electrode
placement, stimulus dosage, stimulus parameters and clin-
ical efficacy so that threshold and barely suprathreshold
stimulus intensities are clinically ineffective with unilateral
nondominant electrode placements (Sackeim et al., 1993).
Although ongoing studies are seeking to assess the parame-
ters of this interdependence, data in adult samples suggest
that stimulus dosages at multiples of four times or more of
seizure threshold may be required to maximize the efficacy
of unilateral ECT (McCall et al., 2000; Sackeim et al., 2000).
Treatments with bilateral electrode placement, on the other
hand, demonstrate less dependence on the strength of the
electrical stimulus, so that stimulus dosing just above
seizure threshold appears adequate for treatment efficacy.

Stimulus dosing is particularly important when unilat-
eral nondominant electrode placement is selected. Some
practitioners assess the seizure threshold by administering
initial stimulations at a very low dosage and then increasing
the dosage in a stepwise manner until a satisfactory seizure
is elicited (Coffey et al., 1995a). This procedure is encour-
aged by the American Psychiatric Association Task Force on
ECT (2001) and by the American Academy of Child and
Adolescent Psychiatry (2004). However, such a procedure
may be of limited usefulness in children and adolescents if
the minimum stimulus dosage on the ECT device is at or
above the seizure threshold in these age groups. My practice
with adolescents is to estimate seizure threshold using a
dosing titration protocol, then set the stimulus dosage for
subsequent treatments at 1.5 times threshold for bilateral
electrode placement and at 4 times initial seizure threshold
for unilateral nondominant electrode placement.

As noted previously, the ECT seizure is monitored to en-
sure that it has ended and to estimate its therapeutic “ade-
quacy.” An adequate seizure may be defined as one that has
a motor duration of at least 25 seconds and an EEG duration
of more than 30 seconds, with well-defined periods of spike

and spike-and-wave ictal activity, and that terminates in a
precise end point. If motor convulsion durations are less
than 25 seconds, the EEG fails to show periods of defined
spike and spike-and-wave activity, or the termination is im-
precise, ECT is immediately repeated with higher stimulus
dosage. Newer ECT devices provide quantitative estimates
of these (and other) ictal EEG indices, but their routine clin-
ical utility is limited at present by their sensitivity to EEG
artifacts, variation in EEG lead placement, and inter- and in-
tra-individual variation in the ictal EEG (Krystal, 1998).

Seizure threshold may rise during the course of treat-
ment (Coffey et al., 1995b; Sackeim et al., 1987). As such,
upward adjustments in stimulus dosage may be required to
maintain efficacy. If an inadequate seizure is elicited, in-
ductions are immediately repeated at a higher electrical
dosage until an adequate seizure is obtained.

Occasionally, seizures persist beyond 180 seconds; such
seizures are defined as “prolonged.” They can be termi-
nated by an intravenous bolus of methohexital or di-
azepam that is readministered if termination does not
occur within 30 seconds and repeated at 30-second inter-
vals until the seizure is clearly terminated.

Electrode Placement

The choice of stimulus electrode placement is complex.
Unilateral nondominant ECT is associated with fewer cog-
nitive side effects in adults, but unless stimulus dosing and
electrode application are carefully prescribed and other
medications restricted, treatment efficacy may be impaired
with this placement. Bilateral (bitemporal) ECT may be
more reliably effective in adults, but may be associated with
greater cognitive side effects. The American Academy of
Child and Adolescent Psychiatry (2004) recommends com-
mencing with unilateral nondominant electrode place-
ment given its favorable side effect profile, and switching to
bitemporal placement if the response is not satisfactory.
Treatment may begin with bitemporal electrode placement
if the patient is critically ill and requires an urgent response.
Potentially promising alternative electrode placements
such as bifrontal (Baline et al., 2000), have not been stud-
ied in adolescents and children.

Continuation/Maintenance Treatment

Major depressive disorders are increasingly recognized as
chronic, relapsing conditions (see Chapter 13). Some stud-
ies in adults with major depressive disorder have found 
6-month relapse rates as high as 50% for patients initially
responsive to antidepressants who are subsequently with-
drawn from the medications (Prien & Kupfer, 1986).
Relapse rates following successful pharmacotherapy are
substantially reduced by continuation of antidepressant
medication at full dosage (Frank et al., 1990). Similarly high
rates of relapse have been noted in adults following ECT
response when no form of follow-up therapy was given
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(Jarvie, 1954). The risk of relapse after successful ECT is par-
ticularly high (especially in the first 4 months following
ECT) in patients who were resistant to medication or who
displayed psychotic symptoms during their index episode
of illness (Grunhaus et al., 1995; Sackeim et al., 1993).

The American Psychiatric Association Task Force on ECT
(2001) has defined continuation therapy as the “. . .provision
of somatic treatment over the 6-month period after the
onset of remission.” Somatic treatment beyond 6 months
that seeks to maintain euthymia is by convention defined
as maintenance treatment. The usual clinical practice is to
place patients with mood disorders on continuation ther-
apy after a successful course of ECT, either with pharma-
cotherapy or with ECT. Recent controlled data suggest that
continuation pharmacotherapy with nortriptyline and
lithium is superior to nortriptyline alone, which is in turn
superior to placebo in preventing relapse of major depres-
sion in adults who have responded to a course of ECT
(Sackeim et al., 2001). We have less data to guide the
choice of continuation pharmacotherapy after successful
ECT for bipolar depression (a mood stabilizer plus an an-
tidepressant are typically used), mania (a mood stabilizer
plus possibly an antipsychotic are typically used), or
schizophrenia (an antipsychotic is typically used).

Relapse rates remain high after successful index ECT,
even in patients on continuation pharmacotherapy. As
such, some practitioners recommend continuation therapy
with ECT, particularly in patients with psychotic depression
or those who were resistant to medication during the index
episode. An evolving literature in adult samples indicates
that continuation ECT (typically administered on an outpa-
tient basis) is safe and effective in the prevention of depres-
sive relapse following successful “index” ECT (American
Psychiatric Association, 2001). Continuation/maintenance
ECT typically involves single treatments administered on an
ambulatory basis, initially at weekly intervals and then grad-
ually reduced in frequency to every 4 to 8 weeks, as the pa-
tient’s symptoms allow. The increased interval between
treatments results in fewer cognitive side effects than during
an “index” course of ECT; and this has led to the suggestion
that bilateral electrode placement may be more acceptable
for continuation/maintenance ECT. The logistical factors in
ambulatory ECT are defined in the report by the Task Force
on Ambulatory ECT of the Association for Convulsive Ther-
apy (Fink et al., 1996).

There are no controlled data that assess the relative mer-
its of continuation pharmacotherapy and continuation
ECT. As of this writing, a four-site study is underway com-
paring the efficacy of continuation therapy with ECT versus
lithium plus nortriptyline, after successful index ECT in de-
pressed adults.

Based on the experience in adults, the American
Academy of Child and Adolescent Psychiatry (2004) rec-
ommends continuation pharmacotherapy after successful
ECT, although it acknowledges there may be a role for ECT
in some cases. Although there are no controlled data in

adolescents to inform these decisions, I recommend con-
sidering continuation ECT in those patients who were
resistant to medications during the index episode.

ADVERSE EFFECTS AND 
THEIR MANAGEMENT

General Issues

The safety of ECT compares favorably with that of treat-
ments requiring brief general anesthesia. ECT mortality in
adults is reported as approximately 0.2 to 1.0 deaths per
10,000 patients (or approximately one per 80,000 treat-
ments), about the same as mortality from general anesthe-
sia for minor surgery (American Psychiatric Association,
2001; Kramer, 1985). Although there are no mortality data
specifically for children and adolescents, the mortality risk
from brief general anesthesia in this age group appears
similar to (if not even lower than) that in healthy adults
(Motoyama, 1996).

As noted previously, systemic side effects such as
headache, nausea, and vomiting, are common during and
shortly after the postECT recovery period. Headache may
occur in as many as half of all patients, and although its eti-
ology is not known, its throbbing character suggests a vas-
cular mechanism. Nausea may affect up to 20% of patients,
and may be secondary to headache or its treatment with
narcotics, or as a side effect of the anesthesia. Generally,
these symptoms are mild, transient, and quite responsive
to symptomatic treatments. If these problems recur, pro-
phylactic therapy may lessen their recurrence or severity.
Some patients complain of muscle soreness after ECT,
which is likely secondary to fasiculations induced by the
depolarizing muscle relaxant. Symptoms tend to diminish
after the first treatment (assuming muscle relaxation is ad-
equate), but persistent soreness can be treated successfully
with simple analgesics such as aspirin or acetaminophen.

Some patients experience an agitated emergent delirium
immediately after a seizure on awakening from anesthesia.
Such experiences are more often seen in the first or second
treatment of a series and are readily treated with intra-
venous benzodiazepines (Fink, 1993b).

Cardiovascular Effects

As described previously, ECT results in a brief period of in-
creased cardiac workload. This hemodynamic response
should be well tolerated by the healthy older child or ado-
lescent. If the presence of a preexisting heart condition
raises a concern about such tolerance however, pharmaco-
logical blunting of the hemodynamic response may be in-
dicated. The primary issues of concern are bradycardia,
tachycardia, hypertension, and ventricular arrhythmia.
Anticholinergic premedications (atropine, glycopyrrolate)
are used to prevent vagally-induced bradycardia. Stimulus
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dosage titration to determine a patient’s seizure threshold
requires the administration of subconvulsive stimuli,
which produces a vagal surge unaccompanied by the sym-
pathetic outflow associated with a seizure. Such titrations
require the routine use of anticholinergic premedication,
especially in children, in whom resting vagal tone may be
higher than that in adults (Welborn, 1996).

Clinically significant hypertension and tachycardia dur-
ing ECT may be attenuated by short-acting intravenous
adrenergic blockers such as labetalol or esmolol (Howie et
al., 1990; Stoudemire et al., 1990). Beta-adrenergic block-
ers have anticonvulsant effects; their use during ECT may
theoretically limit the intensity of the ECT seizure and, in
turn, its therapeutic potency. Alternative treatments in-
clude sublingual nifedipine, hydralazine (an �-adrenergic
antagonist), nitroglycerin (sublingual, transdermal, or in-
travenous), or the ganglionic blocking agent trimethaphan
camsylate (Arfonad) (Maneksha, 1991; Petrides et al.,
1996). Indiscriminate use of antihypertensive medication
may lead to severe hypotension, and we do not routinely
attempt to blunt cardiovascular responses to ECT in physi-
cally healthy patients unless such responses are extreme
or are clearly associated with signs of cardiovascular
compromise.

Cerebral Effects

There is no evidence that ECT causes structural brain dam-
age (Devanand et al., 1994; Weiner, 1984). Carefully con-
trolled, prospective brain-imaging studies in adults with
follow-up durations up to 6 months have revealed no
changes in brain structure after a course of ECT (Coffey,
1987; Coffey et al., 1991). Neuropathological studies in an-
imals, including cell counts in regions thought to be at
highest risk, have failed to find evidence of brain damage
when seizures are induced under conditions approximat-
ing those used in standard clinical practice (i.e., when
seizures are spaced, relatively brief, and modified by oxy-
genation and muscle relaxation). Furthermore, studies of
the pathophysiology of seizure-induced structural brain
damage in animals indicate that the conditions necessary
for injury are not met in the modern practice of ECT.

Although it has been suggested that the developing brain
may be more prone to the harmful effects of seizures, there
are no data to support this contention as it applies to ECT.
Indeed, an extensive clinical literature indicates that
children and adolescents may sustain even multiple symp-
tomatic seizures (e.g., secondary to toxic metabolic etiolo-
gies) without showing residual brain effects. Children with
some types of epilepsy (e.g., Rolandic, absence) may even-
tually “outgrow” their epilepsy without demonstrating
residual adverse cerebral effects. Finally, among the case de-
scriptions of children and adolescents who have received
ECT, there are no reports of brain injury from the treatment.

There are no reported cases of intracerebral hemorrhage
with ECT or of ischemic stroke during ECT treatment.

Nonetheless, many clinicians fear the consequences of ECT
in patients with cerebral disease and have described various
intracranial processes as risk factors. Intracranial mass
lesions and increased intracranial pressure are the most
prominent of these purported risk factors. However, several
cases of safe and effective ECT in adult patients with brain
tumors have been described in which ECT was necessitated
by the patients’ mental state, and these case experiences
provide guidelines for such treatment (Fried & Mann,
1988; Greenberg et al., 1988; Malek-Ahmadi & Sedler,
1989; Zwil et al., 1990). Patients with functioning intracra-
nial shunts may also be treated safely, provided that nor-
mal intracranial pressure is maintained (Coffey et al., 1987;
Mansheim, 1983). Subdural hematomas require evacua-
tion prior to ECT (Abrams, 1997).

Cognitive Effects

The cognitive side effects of ECT include acute postictal con-
fusion/delirium, and interictal impairments in attention,
concentration, and memory (American Psychiatric Associa-
tion, 2001). Other neuropsychological functions are gener-
ally unaffected by ECT. These ECT side effects have not been
systematically studied in adolescents and children. In
adults, the severity of these effects varies with age, electrical
stimulus waveform, electrode placement, stimulus dosing,
and frequency of treatments (Abrams, 1997; American Psy-
chiatric Association, 2001; Fink, 1979). The cognitive side
effects of the procedure in adults, and likely in adolescents
and children as well, may be minimized by modern use of
brief-pulse currents, selective electrode placement and stim-
ulus dosing, and varied frequency of treatments.

Most patients experience disorientation immediately
upon awakening during the postECT recovery process
(Calev et al., 1993; Summers et al., 1979). The duration
and severity of this disorientation is particularly sensitive to
age, being extended in the elderly but remarkably short
(e.g., 1 hour or less), in our experience, in adolescents. Im-
pairments in attention and concentration are also common
after a course of ECT, but are typically mild and resolve
shortly after completion of the treatment.

ECT selectively results in anterograde and retrograde
amnesia, particularly for episodic memory. Such effects are
generally mild. The former typically resolves within weeks
of completing the treatments, while the time course for res-
olution of the latter is often more gradual. Any residual
memory gaps are usually mild and limited to the period of
illness and treatment. Although it has been feared that chil-
dren and adolescents may be at greater risk for these cogni-
tive side effects as a result of the relative immaturity of their
brains, no studies or case reports exist that support such a
concern. Indeed, in my experience, the remarkably rapid re-
covery of adolescents after each treatment and their resis-
tance to the development of measurable cognitive side
effects make it unlikely that such concerns have merit. As
discussed above, the studies by Ghaziuddin and colleagues
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(2000) and Cohen and colleagues (2000) of follow ups
ranging from 8 months to 3.5 years, provide additional re-
assurance that the cognitive effects of ECT in adolescents
are similar to (and no worse than) those in adults.

With additional ECT treatments, the EEG shows pro-
gressive slowing of frequencies, increased amplitudes, and
well-defined burst formations during interictal recording
(Fink, 1979; Fink & Kahn, 1957). These manifestations are
sensitive to age, being more common in the elderly. Such
EEG slowing may be associated with confusion, disorienta-
tion, and impairment of immediate recall. Generally with
adolescents, such interictal confusion is rare, despite
marked slowing of EEG frequencies.

PSYCHOSOCIAL ISSUES

In addition to its biological effects, ECT elicits strong in-
trapsychic and interpersonal responses. It should not be
surprising that a treatment involving passage of an electri-
cal current through a patient’s head while asleep is per-
ceived as powerful and mysterious. ECT arouses fears and
fantasies in patients, parents, family members, and peers
alike. Patients may feel quite vulnerable as they lie partially
disrobed on a stretcher, waiting for treatment to com-
mence, and this experience can raise issues of trust and
personal bodily autonomy, especially in patients with a
history of trauma. These fears can be minimized by provid-
ing ongoing education, ensuring that the treatment team
members are well known to the patient and are experienced
in ECT, and by paying careful attention to the anxieties and
concerns of the patient and family.

Patient attitude surveys in adults have found that al-
though ECT is typically poorly understood, the experience
is not considered frightening (Benbow, 1988; Cowley,
1985; Fox, 1993; Hughes et al., 1981; Pettinati et al., 1994;
Pettit, 1971). In fact, in the experience of some patients, it
has been regarded as no more upsetting than a trip to the
dentist (Malcolm, 1989). Similar studies are badly needed
in the young.

MECHANISM OF ACTION OF ECT

Despite considerable research, the mechanism of action of
ECT remains a mystery. ECT produces a number of changes
in brain chemistry, endocrinology, and electrophysiology.
Current hypotheses of the mechanism of action of ECT fo-
cus on changes in hypothalamic neuroendocrine status
(Fink, 1990), changes in brain neurotransmitters (these are
similar but not identical to those seen with antidepressant
drug therapy) (Nutt et al., 1993), or increases in seizure
threshold (Sackeim, 1999) over the course of the treat-
ment. It remains unclear however, whether any of these
neurobiological changes accounts for the clinical effects of
ECT, or whether they represent merely epiphenomena.

OTHER BRAIN STIMULATION THERAPIES

A number of other brain stimulation therapies are
currently under investigation for treatment of mood dis-
orders in adults, including rapid transcranial magnetic
stimulation, deep brain stimulation, and magnetic seizure
therapy (Lisanby, 2002). Vagus nerve stimulation has re-
cently been approved by the FDA for treatment-refractory
depression in adults; there are no data on this procedure
in children and adolescents with mood disorders.

CONCLUSION

A growing clinical experience suggests that ECT may be an
effective treatment for severe mood disorders and other
selected psychiatric disorders in adolescents and possibly
children. These response rates are particularly noteworthy
because almost all of the patients were severely ill (some
had catatonia) and had failed to respond to multiple trials
of medications and various psychotherapies. Recent guide-
lines from the American Psychiatric Association (2001) and
the American Academy of Child and Adolescent Psychiatry
(2004) now endorse the use of ECT, although there remains
an emphasis (unnecessarily restrictive?) on its role as a
treatment of “last resort.” The improved safety of contem-
porary ECT constitutes a compelling argument for its in-
creased consideration in the treatment of adolescents with
acute mental illness, especially when the illness is severe
enough to require hospital care and is complicated by psy-
chosis, inanition, suicidality, catatonia, delirium, or stupor.

An urgent need exists for more research on the efficacy,
side effects, treatment technique, and mechanism of action
of ECT in children and adolescents. We also need studies
that clarify the attitudes and experiences of patients and
their parents to the experience of ECT. Equally compelling
is the need for education to promote a heightened under-
standing of ECT by child and adolescent psychiatrists.
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Information from the Human Genome Project (Venter et
al., 2001; Sachidanandam et al., 2001) is being applied in
virtually all medical subspecialties to study, understand, di-
agnose, and treat human disorders. Initial application of
linkage analysis and positional cloning was successful in
identifying the gene alterations (genotype) responsible for
over 1,000 single gene disorders (most often ones with a
secure phenotype, a change or changes observed on exami-
nation, radiograph, or biochemical testing that allow diag-
nosis reflecting the effects or manifestations of the changed
genotype or genotypes.) Single gene syndromes including
complex, heterogeneous phenotypes, such as breast cancer
(Miki et al., 1994; Wooster et al., 1995) or colorectal cancer
(Nishisho et al., 1991), offer insights into the pathogenesis
of these disorders. With knowledge of the interaction of
multiple genes to result in genetic susceptibility (as well as
the environmental triggering factors) comes the possibility
of presymptomatic measurement of genetic susceptibility,
with subsequent manipulation of contributing molecular
and environmental factors. However, the ability to perform
such measurement and manipulation carries a heavy price
of responsibility and raises difficult questions about the
future role of gene testing and therapy in the treatment of
human disease.

The first part of this chapter provides a brief overview of
the history of genetics and introduce some of the various
molecular biological techniques used in genetic research.
The next section outlines the known categories of inheri-
tance, including examples of the disorders associated with

each. An approach to clinical genetic evaluation and
genetic counseling is outlined. In the final section of the
chapter I introduce current approaches to the treatment
of genetic disorders, and touch briefly on the future
possibilities of gene therapy in neuropsychiatry.

HISTORY OF GENETICS

The history of genetics as a scientific discipline is only a
little more than a century old. Gregor Mendel published his
studies of breeding in peas in 1866. Based on his observa-
tions, he suggested that discrete elements, or genes, explain
the inheritance of traits from generation to generation
(Mendel, 1866/1965). In the early 1900s, these concepts
were rediscovered and applied to understanding the inher-
itance of human characteristics. It was only as recently as
1956 that techniques for visualizing human chromosomes
confirmed that the normal human diploid number was 46.
Lyon’s (1968) hypothesis regarding X-inactivation allowed
a better understanding of the role of the one remaining
active X chromosome in development. The introduction of
special banding techniques in the 1970s permitted a more
detailed analysis of portions of specific chromosomes, and
somatic cell hybridization began to enable the mapping of
human genes.

Since Watson and Crick in 1953 first proposed the struc-
ture of DNA as the basis of inheritance, a proliferation of
molecular techniques based on the one gene–one protein
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model has allowed for the identification and manipulation
of individual genes as well as the elucidation of their struc-
ture, function, and pathology. It is estimated that the
human genome contains approximately 30,000 genes.
McKusick’s Online Mendelian Inheritance in Man (OMIM)
surpassed 10,000 entries in December, l998, and included
over 14,000 entries in January, 2004. Only a small propor-
tion of human disorders have been fully understood at the
gene level. The following section briefly reviews some of
the techniques used to identify and study genes.

MOLECULAR BIOLOGICAL TECHNIQUES

Techniques in molecular biology are based on our under-
standing of how deoxyribonucleic acid (DNA) underlies
inheritance. At the heart of the Watson–Crick hypothesis
was the precept that complementary strands of DNA form
the basis of DNA replication, transcription, and translation
into protein. Following the rules of base pairing (i.e., ade-
nine pairing with thymine and cytosine with guanine),
DNA polymerase adds bases to the template of each of two
parental strands to form two identical offspring strands. In
transcription, the DNA serves as a basis for the formation of
messenger RNA (mRNA, in which uridine takes the place of
thymine). The single-stranded mRNA contains sequences
that are translated into protein (exons), together with
intervening sequences (introns) that are spliced from the
mRNA before nuclear transport and subsequent translation
into a protein on the ribosomes. The genetic code involved
in the translation of the mRNA sequence into protein is the
three-nucleotide unit (codon) that specifies insertion of a
particular amino acid in sequence into the protein. Thus,
for example, AAA or AAG in genomic DNA specifies pheny-
lalanine. The AUG codon for methionine is part of the
initiation sequence of every mRNA molecule. The ACT
codon in genomic DNA functions as a stop signal. There are
numerous transcriptional, translational, and posttransla-
tional controls on the process by which a gene or sequence
of nucleotides specifies a protein. Whereas a mutation or
change in the DNA sequence in the coding region may
result in an altered protein product, with possible loss or
gain of function of that protein, mutations in the regulatory
regions may alter the quantity of protein made.

Recombinant DNA Technology

Because the Watson–Crick rules describe how base pairs
hybridize, a complementary sequence of DNA, called a
probe, can be used to show whether a given gene is present in
a sample of DNA. Hybridization with the gene sequence of
interest can be indicated by radioactive labeling of the probe.
If the mRNA for a given protein can be isolated and purified,
reverse transcriptase can be used to generate that protein’s
cDNA (complementary DNA) molecule. This probe will
hybridize only with the translated (not the genomic)

sequences, including both the exons and the introns. If a
probe for a protein is available, the gene for that protein
product can be cloned and introduced into a bacterial
species, where it can be produced in quantity, allowing sub-
sequent characterization or manipulation. This procedure is
the basis of recombinant DNA technology. The probe is used
to identify which colonies of the bacteria carry the desired
gene, so that they can be selected and grown in quantity. The
gene can be sequenced to determine the exact order of bases,
and this sequence of bases can then be compared with se-
quences of other known genes in computer databases to
look for homology. The sequencing procedure is illustrated
in Figure 29.1, which shows how a point mutation yields a
protein with altered function, resulting in disease.

Southern Blotting

Molecular techniques have made possible the diagnosis of
many genetic disorders. One such technique, Southern blot-
ting, is based on digestion of DNA by restriction enzymes.
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Figure 29.1 An autoradiograph of a portion of two DNA-
sequencing gels. Each gel is produced according to the method of
Sanger: DNA is added to each of four tubes, together with enzyme,
reaction mixture, and a radioactive label specific for one of the
four nucleic acids (guanine, adenine, thymine, or cytosine). DNA
sequences are terminated at each position occupied by the nucleic
acid studied in that tube, and a label is attached to the terminal
nucleic acid position. After electrophoresis, the gel is exposed to
x-ray film. For comparison, the normal sequence from a portion of
“control” hexosaminidase is shown at left to illustrate a point
mutation in the “mutant” sample shown at right. An adenine-to-
thymine change is illustrated.
Source: Figure courtesy of Eugene Grebner, PhD, and Jerzy Tom-
czak, DVM, Tay-Sachs Laboratory, Jefferson Medical College,
Philadelphia, PA.

75191_ch29.qxd  10/7/05  03:30  Page 670



More than 100 of such restriction enzymes have been
characterized. These endonucleases cleave DNA at specified
base-pair sequences, termed recognition sites, generating
DNA fragments whose lengths are determined by the
distance between recognition sites. After separation of the
fragments according to length on gel electrophoresis, the
DNA is transferred to a nitrocellulose filter. With radioac-
tively-labeled probes, the fragments containing the gene (or
portion of the gene) are shown by autoradiography. A
decrease in size (deletion) or an increase in size (insertion
or duplication) of the gene can be determined in this way.

Polymerase Chain Reaction Analysis

Another revolutionary technique, which requires relatively
small amounts of biological material and greatly speeds
analysis, is polymerase chain reaction (PCR) analysis.
Knowledge of the base sequence in the region around the
DNA of interest is required. Oligonucleotide probes com-
plementary to the two ends of the sequence to be amplified
must be constructed. Each probe hybridizes and then acts
as a primer for a thermophilic DNA polymerase that
uses nucleotide precursors to produce two copies of the
sequence to be amplified. Successive cycles (determined by
temperature changes) of denaturation, annealing (primer
hybridization), and synthesis result in orders-of-magnitude
amplification of the sequence of interest in less than a day.
Direct visualization of the PCR-amplified sequence by
ultraviolet fluorescence yields rapid results.

Linkage Analysis

If a mutation of interest alters a specific restriction site,
Southern blotting, or PCR analysis can be used to show the
difference in length that results after restriction enzyme di-
gestion. In instances where the mutation is not known,
linkage analysis will identify other inherited variations in
nearby restriction sites to indirectly indicate whether a
DNA segment of interest is present. Because alteration of
the restriction sites results in sequences of varying length
after digestion with the appropriate restriction enzyme, and
because these restriction-length patterns are inherited
according to Mendelian modes, such restriction fragment
length polymorphisms (RFLPs) can be used as markers in
linkage analysis. Variable-number tandem repeats (VNTRs)
represent a special case of the RFLP category; these highly
polymorphic markers have proved extremely useful in fam-
ily studies. Finally, the sequencing of the human genome
has made it possible to use single-nucleotide polymor-
phisms (SNPs) for linkage and association studies.

Linkage analysis is a tool used for gene mapping as well
as molecular diagnosis. Such analysis is based on family
studies and the physical presence of two loci located very
close together on the same chromosome. Assumptions
underlying linkage analyses include the gene model
(e.g., single-gene, multifactorial), the mode of inheritance

(e.g., autosomal dominant, autosomal recessive, X-linked),
and the penetrance. When loci are inherited together, they
are said to be linked. The greater the distance between the two
loci, the less linked they will appear, as the result of meiotic
recombination secondary to formation of chiasmata, cross-
ing over, and recombination. Thus, if the genes are on dif-
ferent chromosomes or are sufficiently far apart on the same
chromosome, they will appear to assort independently in
families and will not appear to be linked as they pass from
one generation to the next. Genetic distance, the percentage of
recombinants, is related to the physical distance between
loci, but not in a one-to-one manner. Genetic distance is
expressed in centimorgans (cM), where 1 cM represents 1%
recombination.

Through linkage analysis, a marker with a known mode
of inheritance can be used to locate another gene whose
location was previously unknown. A lod score of 3 is usually
required as proof of linkage (the lod score is a logarithmic
expression; the logarithm of 3 means that the odds of link-
age at a given distance between the two loci is 1,000 [103]
times greater than that of no linkage). Calculation of the
lod score is usually performed by computer program and is
based on the principle of maximum likelihood analysis.
This kind of analysis (based on the known mode of inher-
itance) was used to locate the genes for Huntington’s
disease (see Chapter 21), cystic fibrosis, and neurofibro-
matosis. Linkage analysis has also been used in certain
family situations for presymptomatic or prenatal diagnosis
of disorders, such as Duchenne’s muscular dystrophy or
hemophilia A (Antonarakis, 1989).

Good reviews have been written on the statistical basis
of linkage analysis (Ott, 1991) as well as on the difficulties
in applying the technique to behavioral disorders (Gershon
& Cloninger, 1994), because for complex human diseases
there is not a simple mode of genetic inheritance and accu-
rate categorization as to who is affected and who is not
proves difficult.

The techniques described have been applied to dissec-
tion of DNA changes, especially as they relate to the etiol-
ogy of human conditions; that is, genomics. An alternative
but complementary approach is proteomics, the applica-
tion of techniques such as two-dimensional gel elec-
trophoresis or mass spectroscopy to the analysis of the gene
products, proteins. Proteomics can be applied to analyze
the response of cells in culture exposed to specific states,
such as inflammation, drugs, or toxins, and to look at
pathways and signaling networks involved in the response
to those conditions. It is possible, based on genetic code, to
work backward, from the protein of interest to identify the
genes involved in the cellular response. For example, if it
were possible to look at a patient’s response to stress,
differences might be discerned between patients with
depression from those without. Thus, it is hoped that
the joint disciplines of genomics and proteomics can be
applied to understand the pathophysiology of many poorly
understood human conditions.

Chapter 29: Genetic Evaluation, Counseling, and Treatment 671
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CATEGORIES OF INHERITANCE

Categories of inheritance include classical Mendelian
modes (i.e., single-gene mutations), chromosomal mecha-
nisms, multifactorial modes, and nonclassical mechanisms
(i.e., mitochondrial mutation, genetic imprinting, and
unstable repeat sequences).

Classical (Mendelian) Modes of Inheritance

Single-Gene Disorders
A single-gene disorder occurs when there is a mutation
from the wild type allele at one locus (on one or both
members of a pair of chromosomes) that results in an ob-
servable phenotypic change. Inheritance of the phenotype
generally follows the Mendelian rules of inheritance: auto-
somal dominant, autosomal recessive, or X-linked. Based
on population studies, it is estimated that the incidence of
single-gene disorders is between 2 and 3% by 1 year of age
but is closer to 5% by age 25 years (Baird et al., 1988).
These percentages do not include disorders with potentially
later onset or identification, such as Huntington’s disease,
spinocerebellar ataxia, neurofibromatosis, and bipolar
depression. Patients with single-gene disorders are those
most likely to be referred to a genetics clinic for evaluation
or counseling because of a family history of the disorder.

With autosomal dominant inheritance of a phenotype, one
dose of the altered gene results in some degree of expression
of the phenotype. Thus, a parent with one mutated copy and
one normal copy has a 50% chance of passing on the
mutated gene to any offspring. The expression is variable. In
general, there are few human examples of homozygosity for
autosomal dominant mutations. Where such homozygosity
has been proven (as in the case of a double dose of the
mutation for achondroplasia), the phenotypic effects are
more severe than those resulting from a single copy of
the abnormal gene. The gender of the individual does not
determine whether he or she will receive the altered gene,
although gender may affect gene expression. Autosomal
dominant traits pass from generation to generation (so-
called vertical transmission), affecting on the average about
half of the offspring of any affected individual.

In contrast, autosomal recessive inheritance of a disorder
requires two doses of the mutant allele for any phenotypic
effect. A single dose of a gene (i.e., carrier status) may pass
through many generations without two carrier parents
having any affected offspring. Only when both parents are
carriers is there a 25% risk that an offspring will inherit a
double dose of the mutant allele. Thus, more than one
sibling of either gender may be affected within the same
generation (so-called horizontal inheritance) with no
family history. The rarer the gene, the more likely it is that
consanguinity, the sharing of genes identical by descent, is
present. Hence, many of the metabolic disorders included
in newborn screening were described in the inbred Amish
and Mennonites (Morton et al., 2003).

Finally, in X-linked inheritance, the female carrier is in
general less severely affected than the hemizygous males.
For X-linked recessive traits, the female carrier is usually
unaffected. Half of her daughters on the average will be
carriers, and half of her sons will be affected. Thus, the trait
may appear to skip generations but will always be inherited
through the maternal side. In contrast to autosomal
dominant inheritance, in which vertical transmission may
also occur, there will never be male-to-male transmission
in X-linked recessive inheritance. A male with an X-linked
recessive disorder will have no affected sons, but all of his
daughters will be carriers. X-linked dominant traits are
occasionally seen in which female carriers are more mildly
affected than the hemizygous males in the family.

Variability and Heterogeneity
Several key concepts in clinical genetics should give rise to
caution in the interpretation of family histories.

It is important to realize that for any of the three major
single-gene categories of inheritance, affected individuals
may have a negative family history for the disorder in
question. For autosomal dominant and X-linked inherited
traits, there may be a new mutation (in general, such new
mutations are correlated with advanced age in the father of
the affected individual). For recessive disorders, a negative
family history is common unless there is inbreeding.

Another reason that phenotypes may appear not to
follow Mendelian rules of inheritance has to do with
variability of expression. For dominantly inherited traits in
particular, there may be great variability in the nature and
severity of the symptoms of the disorder, even within a
single family (where presumably all of the affected
members carry the same mutation). When there is
variation in age at onset, earlier age at onset is taken to be
an indicator of greater severity.

Finally, because of genetic heterogeneity, one phenotype
can turn out to be related to many different genotypes.
Tuberous sclerosis provides an example of this genetic
heterogeneity. Linkage of tuberous sclerosis (see Chapter
22) with chromosome 9 was initially reported in the
United Kingdom (Fryer et al., 1987). A report of positive
linkage with chromosome 11 then came from the United
States (Smith et al., 1990), although this linkage has not
been extensively confirmed. Subsequently, the majority of
families studied have shown linkage with chromosome
16 (Kandt et al., 1992). No clear phenotypic differences
are observed among the families showing linkage to the
different loci, other than the concurrence of infantile
polycystic kidney disease with tuberous sclerosis pointing
to the chromosome 16 locus where these genes are con-
tiguous. Thus, to conduct a linkage analysis to determine
which locus is responsible for the phenotype in a given
family, sufficient numbers of affected and unaffected
informative individuals must be alive and willing to co-
operate with the studies. Only then could linkage analysis
be used; for example, in a prenatal diagnosis. Detection of
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the putative allele would not allow prediction of the
severity of the effects.

Another example of heterogeneity with even greater
complexity is Alzheimer’s disease. Only approximately
10% of Alzheimer’s cases are inherited in an autosomal
dominant fashion. There are no clear clinical differences
between the familial and the sporadic cases. Furthermore,
among the early onset familial cases, some are related to
changes in an amyloid precursor protein (APP) gene on
chromosome 21 (St. George-Hyslop et al., 1987) and oth-
ers are related to a gene on chromosome 14 (St. George-
Hyslop et al., 1992). Late-onset familial cases have been
linked to chromosome 19 (Pericak-Vance et al., 1991), a
finding that points to a possible role for the apolipoprotein
E gene in sporadic cases of late-onset Alzheimer’s disease
(Corder et al., 1993). Familial cases constitute only a small
portion, less than 10% of all patients with Alzheimer’s
disease, but they have contributed to understanding of the
truly multifactorial majority of cases.

Occasionally, linkage analysis will demonstrate allelic
heterogeneity; that is, different alleles within the same gene
giving rise to slightly different phenotypes. For example,
both the Duchenne and the Becker types of muscular
dystrophy are linked to the dystrophin gene on the X
chromosome. The Becker form of muscular dystrophy has
a later onset and a milder course. Different areas within the
gene represent deletional hot spots for the two disorders
(Forrest et al., 1987; Monaco & Kunkel, 1987). Another
gene in which linkage analysis revealed that different mu-
tations or alleles gave rise to very different disorders is the
Ll cell adhesion molecule gene (L1 CAM), which was found
to be related to X-linked complicated spastic paraplegia,
the MASA (mental retardation, aphasia, shuffling gait, and
adducted thumbs) syndrome, and X-linked hydrocephalus
associated with aqueductal stenosis (Fryns et al., 1991;
Kenwrick et al., 1996; Rosenthal et al., 1992; Vits et al.,
1994). Apparently because of the extensive role of the L1
CAM in brain development, alterations in different areas of
the gene give rise to a variety of developmental brain
anomalies.

Chromosomal Abnormalities
Chromosomes are the structures in which the genes are
packaged. They are visible at the time of cell division. The
normal diploid (2n) number of human chromosomes is 46.
Twenty-two pairs of chromosomes are designated autosomes,
with the remaining pair (the X and the Y) constituting the sex
chromosomes. In general, just as one member of each pair of
genes is inherited from each parent, one member of each
chromosome pair is inherited from each parent. It is a matter
of chance which member of the pair is inherited.

It is estimated that approximately 1 in 200 live new-
borns will have a chromosome abnormality. The frequency
is even greater in perinatal deaths, in which the rate of
chromosomal abnormality ranges from 5 to 10%. The
frequency of chromosome disorders in first-trimester

miscarriages is estimated to be approximately 50%. In
general, chromosome disorders occur when there is either
an excess or a deficiency of chromosomal material, both of
which can arise either through a change in chromosome
number or a rearrangement of chromosome structure.

Changes in chromosome number are of two types. In
polyploidy, there is an abnormal multiple of the haploid
number 23 (e.g., in triploidy, there are 69 chromosomes).
In aneuploidy, the numerical deviation from normal is a
discrete number of chromosomes. Deficiency of one chro-
mosome (monosomy) is usually lethal; the most common
monosomy compatible with survival is Turner syndrome
(45,X). Trisomy refers to the presence of one extra chromo-
some; the most common live-born example of this
deficiency is Down syndrome. The International System for
Human Cytogenetic Nomenclature (ISCN) designation
(Mitelman, 1995) for a male with trisomy 21 is 47,XY,�21.

Partial monosomy or trisomy can also arise by means of
structural rearrangements of chromosomes, including deletion,
duplication, translocation (reciprocal or Robertsonian),
isochromosome formation, and inversion. Such rearrange-
ments have been used to identify gene loci for single gene
disorders such as Duchenne muscular dystrophy and
neurofibromatosis, type I.

Cytogenetics is the study and analysis of chromosomes for
structural abnormalities. Chromosomes are microscopi-
cally viewed in growing tissues where cells are dividing. For
the sake of convenience, white cells from a heparinized
blood sample are generally grown in tissue culture for diag-
nostic purposes. Colchicine is added to stop the process of
mitosis at the metaphase stage. Hypotonic solution lyses the
nuclear membrane, allowing the chromosomes from one
cell to spread just far enough apart so that they can be
stained, visualized with a microscope, and analyzed. Ini-
tially, chromosomes were homogeneously stained with
Giemsa stain. With the development of special staining
techniques in the 1970s, however, it became possible to
evaluate chromosomes in greater detail. Pretreatment of the
chromosome material with a protease (generally trypsin) al-
lows for visualization of G-bands, and other stains identify
different bands (e.g., Q-bands, R-bands, C-bands). Prepar-
ing a karyotype means arranging the pairs of chromosomes
from one cell according to the lengths of the arms.

By standard G-banding, metaphase chromosomes
contain between 200 and 550 bands. These bands allow
for detailed analysis of rearrangements, but even the small-
est visible deletion would involve 1 to 2% of a chromo-
some—anywhere from a few to 100 genes. In certain clinical
situations in which a recognized multiple-malformation
syndrome is suspected on the basis of a change involving
one chromosome, high-resolution chromosome analysis is used
to determine whether a microdeletion, that is, a deletion not
usually detectable with standard G-banding, might account
for the features observed in the affected individual. One of
the best-known microdeletion syndromes is Prader-Willi
syndrome, which is characterized by neonatal hypotonia,
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small hands and feet, distinctive facial features, short
stature, mental retardation, and central obesity secondary to
hyperphagia. About half of cases of Prader-Willi syndrome
are related to a microdeletion in the long arm of chromo-
some 15 (Ledbetter et al., 1981).

High-resolution analysis of prometaphase chromosomes
(which contain between 500 and 1,000 bands) is more dif-
ficult than standard G-banding of metaphase chromosomes.
For this reason, this technique is usually reserved for situa-
tions in which a particular deletion is suspected based on
clinical evidence. The laboratory conducting the analysis is
dependent on information about the patient to know where
to look for a potential chromosomal abnormality.

In addition to prometaphase cytogenetic techniques, a
new technique, fluorescent in situ hybridization (FISH) analy-
sis, allows for definition of submicroscopic deletions or
cryptic rearrangements. DNA probes for the critical region-
specific genetic sequences are tagged with fluorescent dyes.
When these FISH probes hybridize with the chromosome
preparations, they confirm the presence or absence of the
segment under the fluorescent microscope in cases where
the deletions are too small to see even with prometaphase
methods. Figure 29.2 depicts a standard G-banded chro-
mosome preparation, which appears to be that of a normal

female (46,XX); however, in Figure 29.3, a FISH study of
the same subject indicates the presence of two number-15
chromosomes with deletion of the Prader-Willi syndrome
critical area.

Microdeletion syndromes are being studied in an at-
tempt to determine which of the contiguous genes in the
missing region contributes to the phenotype. Thus, for ex-
ample, in a patient with a deletion of one copy of the
Prader-Willi syndrome critical area, if the single remaining
dose carries an altered recessive gene, such as the P gene for
type II oculocutaneous albinism, the patient’s syndrome
will manifest oculocutaneous albinism secondary to the
one copy of the altered gene (Hamabe et al., 1991). In this
way, the identity of other deleted genes contributing to the
mental retardation or behavioral phenotype in Prader-Willi
syndrome may be uncovered. No clear neuropathological
correlates of the hyperphagia and food-seeking behavior
have been found, although such correlates have been
sought in neuropathological studies of the hypothalamus.
Individuals with Prader-Willi syndrome may display tem-
per tantrums, compulsivity, and aggression with regard to
food (Dykens & Cassidy, 1995).

The number of known microdeletion syndromes is
continually expanding (Table 29.1). Although there is
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Figure 29.2 Standard G-banded human karyotype, with chromosomes arranged in pairs by size.
The International System for Human Cytogenetic Nomenclature (ISCN) designation for this normal
female karyotype would be 46,XX.
Source: Figure courtesy of Marge Sherwood, Cytogenetics Laboratory, Division of Medical Genetics,
Jefferson Medical College, Philadelphia, PA.
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theoretically no limit on the number of different chromo-
some abnormalities that can occur, syndromes defined by
multiple cases have been catalogued in a number of com-
prehensive sources (Borgaonkar, 1991; DeGrouchy &
Turleau, 1984; Gardner & Sutherland, 1989; Schinzel, 2001).

Multifactorial Conditions

The term multifactorial inheritance implies not only that
single-gene inheritance has been ruled out but also that the
familial aggregation noted for a trait accords with a series of
predictions that follow from the hypothesis of multiple
genes interacting with environmental factors to produce
the trait. Examples of such traits include height and
dermatoglyphic ridge counts.

The multifactorial model was developed by Carter in
the 1960s specifically to describe his observation that

isolated birth defects (i.e., a single malformation that is not
accompanied by other malformations suggestive of a
syndrome or other disorder with single-gene inheritance)
aggregate in families. Examples of such isolated malfor-
mations include neural tube defects and cleft lip (with or
without cleft palate), each of which has a population
incidence on the order of 1 in 1,000. In general, once the
first family member is affected, the risk of the defects
occurring in close relatives will be much greater than that
in the general population (depending on the degree of
relationship, or the number of genes shared in common);
that is, approximately 5% for first-degree relatives. More
distant relatives (who have fewer genes in common as
well as fewer shared environmental exposures) will have a
risk that is slightly higher than the population risk. When
the ratio of affected individuals is skewed toward one gen-
der, the risk to relatives will be greater when the index
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Figure 29.3 A fluorescent in situ hybridization (FISH) study on a metaphase spread.The chromo-
somes look orange when viewed under the fluorescent microscope. Fluorescein-tagged probes ap-
pear yellow. The metaphase preparation has been hybridized with a mixture of two cosmid probes.
One identifies 15g11g12, the Prader-Willi syndrome/Angelman’s syndrome (PWS/AS) critical region.
The other probe hybridizes to the 15q22 area to identify the fact that there are two number-15 chro-
mosomes. The analysis reveals two number-15 homologues but only one copy of the PWS/AS criti-
cal region. This microdeletion was not visible on prometaphase spreads. (For color detail, see full
color insert.)
Source: Figure courtesy of Jolla Gibas, Cytogenetics Laboratory, Division of Medical Genetics,
Jefferson Medical College, Philadelphia, PA.
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individual is the less frequently affected gender, as in the
example of pyloric stenosis, in which the male-to-female
ratio is 5 to 1, and the risk to the offspring of affected fe-
males is greater than that to the offspring of affected
males. The greater the number of family members affected
or the more severe the defect, the greater the risk to rela-
tives. Once a trait’s pattern of occurrence has been shown
to accord with multifactorial predictions in a given popu-
lation, empirical, or observed, risk estimates may be used
for members of that population.

In practice, because of the possibility of genetic hetero-
geneity, family histories and medical examination results
must be inspected for associated abnormalities. Teratolog-
ical exposures must also be assessed, because, for example,
a mother on an anticonvulsant who has a child with cleft
lip will be more likely in future pregnancies to have a sim-
ilarly affected child if her exposure to the drug continues.
Because adequate studies do not exist for all relationships
in all populations, empirical estimates must be offered
with caution, as the best estimates available, but not as
certain as Mendelian risk estimates (Bartley & Hall, 1978).

One example of a behavioral disorder with familial
aggregation that does not fit Mendelian modes of inheri-
tance is schizophrenia (see also Chapter 10). Whereas the
lifetime risk of schizophrenia in the general population is
roughly 1%, the risk is ten times greater in siblings or
offspring (but slightly lower in parents) of an affected indi-
vidual. If more relatives are affected, the risk increases from
9 to 10% with one sibling affected, to 16 to 30% when both
a parent and a sibling already have the disorder.

Twin studies have been used in the attempt to unravel
the nature-versus-nurture question for schizophrenia.
Monozygotic twins have 100% of their genes in common;
dizygotic twins have, on average, 50% of their genes in
common. Thus, if genes have an important role in the
etiology of a disorder, one would expect to see a higher
concordance in monozygotic than in dizygotic twins.
Adoption studies of schizophrenia have also been con-
ducted to further delineate the separate contributions of
nature and nurture. The results of these studies have
supported the role of genes (as opposed to shared environ-
ment) in the disorder, because the pattern of occurrence
was found to be related more to the diagnosis in the bio-
logical parents than to that in the adoptive parents.

However, identifying the genes predisposing to
schizophrenia raises difficult methodological issues. In
general, linkage analyses depend on the initial assumptions
as to mode of inheritance of a single gene. Efforts to search
the genome for genetic markers in extended families have
been undertaken in the attempt to identify genes that may
contribute to the multifactorial category of schizophrenia.
However, initial positive results (Sherrington et al., 1988)
have not been replicated in subsequent studies (McGuffin
et al., 1990). Not only may there be multiple susceptibility
genes contributing to diagnoses in large families, but there
are possible difficulties with diagnostic categories. For
example, if one family member has the disorder according
to the most rigorous criteria and another has a milder
disorder that might be related, how should the latter case
be classified? Is it possible that the more mildly affected
individual will develop the full-blown syndrome over
time? Linkage analysis is sensitive to misclassification of
who is affected and who is not.

Some of these methodological difficulties might be
overcome with population-based, collaborative studies in
large numbers of nuclear families, but agreement regard-
ing classification is a critical prerequisite to such research
(Cloninger, 1994). Alternative statistical approaches to
linkage analysis might also be used, including the affected
sibpair approach, which is not as sensitive to misclassifi-
cation errors associated with nonaffected individuals who
subsequently develop the syndrome or disorder (Risch,
1990). Studies attempting to detect multiple simultane-
ous genetic effects or environmental triggers are also
needed, given the compelling evidence for genetic suscep-
tibility (Gershon & Cloninger, 1994). Perhaps it should
not be surprising that complicated phenotypes such as
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TABLE 29.1
MICRODELETION SYNDROMES

AHD arteriohepatic dysplasia (Alagille syndrome) (del
20pl l.23pl2.2)

ATMR hemoglobin H/alpha-thalassemia-mental retardation 
(del 16pl3.3)

CDCR choroideremia, deafness, clefting, and retardation
(del Xg21)

DGS DiGeorge/velocardiofacial syndrome (del 22g11)
DMD Duchenne’s muscular dystrophy and contiguous

genes (del Xp21)
GCPS Greig cephalopolysyndactyly (del 7p13)
HOLO holoprosencephaly (one form) (del 7q34)
KAL Kallmann’s syndrome and contiguous genes (del 

Xp22.8)
MDS Miller-Dieker syndrome (del 17p13)
PWS/AS Prader-Willi syndrome/Angelman’s syndrome (del

15q12)
RB retinoblastoma (del 13g14.11)
RTS Rubinstein-Taybi syndrome (del 16pl3.3)
SMS Smith-Magenis syndrome (del 17pll.2)
STS Steroid sulfatase deficiency (del Xp22.3)
TRP trichorhinophalangeal/Langer-Giedion syndrome

(del 8g24.1)
WS Williams syndrome (del 7q11.23)
WAGR Wilms’ tumor, aniridica, genital abnormalities, and

retardation (del llpl3)

Note: If one of these microdeletion syndromes is suspected, the
clinician must convey specific clinical concerns to the molecular
cytogenetics laboratory so that the appropriate prometaphase studies,
fluorescent in situ hybridization studies, or uniparental disomy studies
can be initiated. It is also important to understand the heterogeneity of
these conditions, because for some syndromes only a portion of truly
affected patients will show any positive diagnostic results. In these
instances, the clinician should clearly communicate to the family that a
negative result does not rule out the syndrome.
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behaviorally defined neuropsychiatric disorders are so
difficult to unravel. There are comorbid conditions
that may affect different members of the same family, as
in the overlapping predisposition to schizophrenia
and bipolar disorder in the 22q critical region for
DiGeorge/Velocardiofacial syndrome (Berrettini, 2003).
Another multifactorial disorder is autism (Spence 2001)
where speech delay maps to 7q, one of the several regions
identified in genomewide scans contributing to autism.
The search for putative genes is actively being pursued
(Bonora et al., 2002).

Nonclassical Mechanisms of Inheritance

Nonclassical mechanisms of inheritance include mito-
chondrial mutation, genetic imprinting, and unstable
repeat sequences.

Mitochondrial Mutation
The finding of strictly maternal transmission of Leber’s
hereditary optic neuropathy led to the first documentation
of inheritance due to a mitochondrial DNA (mtDNA)
mutation (i.e., because mtDNA is transmitted via the egg,
not the sperm) (Wallace et al., 1988). Table 29.2 provides
a partial list of the classical mitochondrial disorders; for
additional documentation of the variety of responsible
mutations in mtDNA, the reader is referred to the new sec-
tion on mitochondrial disorders in McKusick’s Mendelian
Inheritance in Man (12th Edition, 1998).

Human mtDNA is a small (16.5 kb), circular, double-
stranded molecule that contains 13 structural genes for
proteins involved in oxidative phosphorylation. Other
genes coding for the balance of proteins involved in oxida-
tive phosphorylation reside in the nuclear DNA. Body
tissues vary in the extent to which they are sensitive to
changes in energy metabolism secondary to oxidative

phosphorylation defects. Besides tissue-specific variation,
there are also age-related effects. In fact, it has been sug-
gested that cumulative oxidative damage to mitochondrial
DNA contributes to aging in general. With reference to
neurodegenerative diseases, it is hypothesized that changes
in mitochondrial DNA could contribute to Alzheimer’s
disease and Parkinson’s disease (Shigenaga et al., 1994).
Interestingly, other systemic manifestations of mitochon-
drial disease may be depression (Johns, 1995) or autism
(Graf et al., 2000; Pons, 2004).

Genetic Imprinting
Genetic imprinting occurs when the phenotypic effect of a
gene mutation depends on which parent transmitted it. In
classical Mendelian inheritance, phenotypic expression is
the same regardless of which parent contributed the gene.
However, animal models have provided evidence that in
some instances the phenotype could depend on which par-
ent contributed the altered gene; or, conversely, on which
parent did not contribute a normal copy of genetic material.

One of the best-known human examples of imprinting
is the critical region on the long arm of chromosome 15
(15g11g13), which, as previously described, has been
found to be deleted in about half of patients with Prader-
Willi syndrome. In all of these patients, the deletion
occurred in the chromosome 15 inherited from the father,
leaving a single copy of the genetic material inherited from
the mother. Alternatively, if the deletion were inherited
from the mother (leaving only one normal copy from the
father), the offspring would be affected with a different
disorder, Angelman’s syndrome (formerly known as the
“happy puppet syndrome”) (Magenis et al., 1987).

Deletion of one copy of the critical region for these two
syndromes can occur either de novo (as a result of a translo-
cation) or by the mechanism of uniparental disomy, in which
both members of a given chromosome pair are inherited
from one parent, with no contribution from the other
parent. Uniparental disomy for chromosome 15 has
been observed for Prader-Willi syndrome and, less fre-
quently, for Angelman’s syndrome (Malcolm et al., 1991;
Nicholls, 1993). If both copies of chromosome 15 come
from the mother (i.e., none from the father), Prader-Willi
syndrome results; conversely, if both copies come from
the father (i.e., with none from the mother), Angelman’s
syndrome results. Cases have been reported in which a
trisomy for chromosome 15 observed on chorionic villus
sampling in the first semester had changed to uniparental
disomy (i.e., secondary to the loss of the one copy of chro-
mosome 15 from the father) by follow-up amniocentesis at
16 weeks, with the net result being Prader-Willi syndrome
(Cassidy et al., 1992). Thus, for region 15g11g13, normal
contributions from both parents are required for normal
human development. The frequency with which genetic
imprinting or uniparental disomy occurs, as well as the
biological significance of these inheritance mechanisms, is
under investigation.
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TABLE 29.2
MITOCHONDRIAL DISORDERS HEADD:
HYPOTONIA, EPILEPSY, AUTISM, AND
DEVELOPMENTAL DELAY

LHON Leber’s hereditary optic neuropathy
MELAS Mitochondrial encephalopathy, lactic

acidosis, and stroke-like events
MERRF Myoclonic epilepsy with ragged red fibers
MNGIE Myoneurogastrointestinal encephalopathy

syndrome
KSS Kearns-Sayre syndrome (chronic progressive

external ophthalmoplegia)
NARP Neuropathy, ataxia, and retinitis pigmentosa
Leigh disease
Diabetes with 

sensorineural 
hearing loss

Pearson syndrome
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Unstable Repeat Sequences
The mechanism of unstable repeat sequences was discov-
ered in relation to fragile X–linked mental retardation
(see Chapter 8), the most common inherited form of
retardation (affecting approximately one in 1,600 boys).
A cytogenetic marker, an apparent fragile site at Xq27.3,
was first described by Lubs (1969) in a family with X-linked
mental retardation in which the affected males had the
fragile site but the nonaffected males did not. Using the cul-
ture medium TC199, Sutherland (1977) clarified the role
of low levels of folic acid and thymidine in induction of the
fragile site. Subsequent experience with the fragile X marker
showed it to be present in kindreds in which the males
exhibited the phenotype described by Martin and Bell
(1943); namely, moderate-to-severe retardation with long
faces; prognathism; large, everted ears; and large testicles.
The fragile X marker was not found in other forms of
X-linked mental retardation. A number of features incon-
sistent with simple X-linked recessive inheritance began to
be noted, such as transmission by normal males and an
increased risk of retardation in the offspring of mentally
impaired females (Sherman et al., 1985).

Cloning of the FMR-1 gene allowed molecular tech-
niques to be applied to elucidation of the mechanisms
underlying the fragile site and enabled improved diagnosis
of conditions related to this marker (Oberle et al., 1991;
Verkerk et al., 1991). The basis for the fragile site turned out
to be a GCC triplet repeat sequence that normally codes for
a series of arginines in the EMR-1 protein. That sequence is
inherited in stable form when there are fewer than 43
repeats. However, if the number of triplet repeats increases
to the range of 50 to 70 (sometimes termed the unstable
range, or premutation), instability during maternal meiosis
results, usually with an increase in the number of repeats.
Transmitting males with 50 to 70 repeats do not show any
phenotypic effect or fragile sites, but their daughters have
an increased risk of affected sons as a result of disruption of
FMR-1 gene function by even larger repeat sequences.
When 200 or more GCC repeats are present, the fragile site
may be seen. This increased number of repeats is termed a
full mutation. Somatic mosaicism, the presence of repeat se-
quences numbering in the thousands in some tissues, is
occasionally observed in affected males. In general, the size
of the repeat sequence correlates positively with the sever-
ity of the developmental delay in affected males. Females
do not show such a straightforward correlation, given
lyonization (X chromosome inactivation in females) and
the presence of another normal allele.

Interestingly, other diseases associated with unstable
repeat sequences are also frequently related to neurological
dysfunction. Besides the fragile X A site at Xq27.3, the frag-
ile X E site nearby is apparently related to a milder form of
retardation. Two other fragile sites (fragile X F and fragile X
16 A) are also related to increases in the number of CGG
repeats and hypermethylation of the nearby CpG island,
but these sites are not known to be associated with mental

retardation. Another category of unstable repeats is associ-
ated with six neurodegenerative disorders: Huntington’s
disease, spinobulbar muscular dystrophy, type I spinocere-
bellar atrophy, dentarubral-pallidoluysian atrophy, the
allelic Haw River syndrome, and Machado-Joseph disease.
All of these disorders are dominantly inherited, progressive
neurodegenerative disorders with later onset (although one
measure of their severity is age at onset, which can be as
early as childhood). All are related to increased numbers of
CAG repeats, with possible gain of function conferred on
the gene product. Presymptomatic testing for Huntington’s
disease is now possible and consists of determining the
number of CAG repeats. In contrast to the fragile X
dynamic mutation, in which the instability occurs only
during maternal meiosis, the instability in Huntington’s
disease occurs during paternal meiosis.

The phenomenon of anticipation (i.e., worsening pheno-
type with successive generations), which has been clinically
reported in myotonic dystrophy, correlates with progres-
sively larger expansions of a CTG repeat through the
maternal line. The congenital form of myotonic dystrophy,
characterized by expansion to more than 1,000 repeats,
occurs mainly in the offspring of affected mothers (Harley
et al., 1992; Hunter et al., 1992). Apparent anticipation has
also been described in analyses of pedigrees for bipolar
affective disorder (McInnis et al., 1993; Nylander et al.,
1994), which suggests that repeat sequences may also have
a role in that disorder.

CLINICAL GENETICS: GENETIC
EVALUATION AND COUNSELING

Formal genetic evaluation of a family can be undertaken
either at the family’s request or upon referral by a physi-
cian. However, the timing of the evaluation—and, more
importantly, of the counseling—should be considered
carefully with regard to how circumstances may influence
the family’s ability to understand the information pro-
vided. For example, if a serious disorder has just been diag-
nosed in a family member, the ensuing emotions may
make it difficult for the family to absorb and understand
complicated information. On the other hand, if such a
diagnosis is made during another family member’s preg-
nancy, there may be urgency to providing information and
helping the family to understand options. To evaluate the
possible genetic basis of a disorder, complete information
must be gathered, including a detailed medical history
(prenatal, birth, and subsequent illnesses and events), a
detailed general medical and neuropsychiatric examina-
tion, or documentation of such relevant evaluations, and
appropriate laboratory testing.

Genetic evaluation always includes a family history. This
analysis can be presented in shorthand form with the use of
standard pedigree symbols (Bennett et al., 1995) (Fig.
29.4). In the genetic counseling situation, the individual
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Figure 29.4 Pedigree symbols. Reprinted from “Instructions for Contributors.” American Journal
of Medical Genetics (Neuropsychiatric Genetics) 67:120, 1996. Copyright 1996, John Wiley & Sons,
Inc. Used with permission.
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seeking genetic information or testing, designated the “con-
sultand”, is indicated with an arrow. The first affected fam-
ily member coming to medical attention is called the
proposita/propositus, proband, or index case. (Figure 29.4 is
from a medical journal, where [in contrast to the genetic
counseling situation] the proposita/propositus rather than
the consultand is of primary interest and thus receives the
arrow indicator.) A key indicates what each filled-in circle
or square denotes. If additional family members are af-
fected, these are indicated by filling in the appropriate
squares or circles (depending on the sex of the individual).

The value of a pedigree depends on the completeness
and care with which the information is gathered. The
parents and siblings of the affected individual should be
included, starting with the oldest individual on the left and
proceeding to the youngest in each generation. Usually
grandparents, aunts, and uncles are included as well.
Deceased individuals are designated by a slanted line
through the square or circle, with an indication of age at
death and cause. This information may be important to de-
termine whether that individual lived long enough to man-
ifest a late-onset disorder. If age rather than date of birth is
noted below the symbol for each person, the recorder will
need to indicate the date that the pedigree was taken. Later
adjustments can be made (births, deaths, changes in
relationships, and new diagnoses) in subsequent visits.

Numbers within a circle, square, or diamond shape
(indicating unknown gender) denote the number of unaf-
fected siblings or offspring. It may be important to indicate
whether individuals in the pedigree were ever formally as-
sessed or tested for the condition under evaluation. Review
of medical records may be necessary to verify the results,
because the family member providing the information may
not be aware of all the relevant details or tests performed.

The pedigree may include sensitive information not
available to all family members (e.g., nonpaternity, infer-
tility, or test results not meant to be available to insurance
companies or employers). Thus, confidentiality should be
respected and careful thought given to what information
should be included.

Open-ended questions can be very helpful in eliciting
information about more distant relatives who may not have
been initially included in the pedigree. Opinions within the
family regarding affected or unaffected individuals can be
indicated as such. For example, family members may
attribute an individual’s retardation to a “difficult birth.”
This information can be included without prejudgment as to
its validity. Also, related historical details, such as late lan-
guage development, poor school performance, or behavioral
difficulties, can be recorded without assigning diagnoses.

In a genetics clinic, it is often the genetic counselor who
gathers information, including the pedigree, medical
records, and the list of questions the family wants
answered. Because correct diagnostic information is the
cornerstone of accurate genetic counseling, the counselor
may enlist the aid of a clinical geneticist for review of the

records, examination of affected family members, and,
possibly, additional testing. In turn, the clinical geneticist
may consult colleagues in other subspecialties for any help
needed in interpreting the records.

The actual process of communicating risks and options to
a family is complex and is influenced by many factors. The
family members’ backgrounds, education, religious beliefs,
and life experiences affect their questions and perceptions. If
a medical diagnosis has been made in a family member, the
family’s information may be limited to the problems exhib-
ited by that individual. Some family members may not be
familiar with the natural history, treatment possibilities, and
range of outcomes for the disorder. The nature of the
diagnosis, including whether it can be treated or prenatally
diagnosed, may also influence the family’s feelings.

The psychological issues are many. The attitudes and
perceptions of family members regarding the genetic
condition may vary, depending on their relationship to the
affected individual. For a parent, guilt related to a child’s
diagnosis with a genetic disorder might be overwhelming,
whereas a sibling may resent the amount of care and
attention received by the affected child. If two parents or
members of a couple disagree on important issues, such as
the burden or severity of a particular disorder, the signifi-
cance of the risks (high versus low), or the acceptability of
prenatal diagnosis and termination of pregnancy, it may be
hard for them to cope and to make decisions about future
reproduction.

In general, the genetic counselor should strive to be
nondirective, to be as clear as possible about risks and
options, and to support the family in its response to the
information provided and decisions regarding how this
information might affect future plans for reproduction or
testing. The goal is to promote autonomy, individual
responsibility, and informed decision making. Follow-up
can be critical in regard to providing reinforcement of the
risk figures given (i.e., since many studies show that a large
portion of families do not retain accurate information
about recurrence risks) as well as clarification of other
issues and communication of new information or testing
results that may change the risk information provided or
the options available. Additional family members may also
need genetic evaluation, testing, or counseling.

Referral to family support groups may be helpful; infor-
mation about such groups may be found online through the
Alliance of Genetic Support Groups as well as in online web-
sites offered by individual disease-specific support groups.
Referral for individual psychological counseling, marital
counseling, or family therapy may benefit some individuals.

The supportive role of the genetic counselor is empha-
sized in the definition of genetic counseling formulated by
an ad hoc committee of the American Society of Human
Genetics (Fraser 1974, p. 63):

[Genetic counseling is] a communication process
which deals with the human problems associated with
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occurrence, or risk of occurrence of a genetic disorder in a
family. This process involves an attempt by one or more
appropriately trained persons to help the individual or
family to (1) comprehend the medical facts including the
diagnosis, the probable course of the disorder, and the
available management; (2) appreciate the way heredity
contributes to the disorder and the risk of recurrence in
specified relatives; (3) understand the options for dealing
with the risks of recurrence; (4) choose the course of action
which seems appropriate to them in view of their risk and
their family goals, and act in accordance with that decision;
and (5) make the best possible adjustment to the disor-
der in an affected family member and/or to the risk of
recurrence of that disorder.

Efforts have been made to develop counseling models
that integrate psychological, philosophical, and ethical
principles (Kessler, 1979). Certainly there are ethical
aspects to genetic testing, as, for example, regarding the
testing of presymptomatic young people for late-onset
untreatable disorders. Although there seems to be some
consensus within the genetics community that persons
younger than 18 years of age should not be tested for Hunt-
ington’s disease (American Society of Human Genetics/
American College of Medical Geneticists, 1995), situations
exist in which the issue must be carefully considered.
Despite the fact that most clinical geneticists eschew any
eugenic approach, some clinicians acknowledge their
desire to reduce the frequency of the Huntington’s disease
gene in the population and thereby prevent much indi-
vidual suffering (Harper, 1984). Notwithstanding, all
clinicians are troubled when recalling the complicity of ge-
neticists in Nazi Germany in the sterilization of individuals
with genetic diseases.

TREATMENT OF GENETIC DISEASE

Progress continues in elucidating the metabolic basis of
inherited disease (Scriver et al., 2001). The success of
newborn screening and treatment for disorders such as
phenylketonuria and beta-thalassemia illustrates how an
understanding of the metabolic basis of a disorder can lead
to effective therapy.

In the case of classic phenylalanine hydroxylase defi-
ciency, modification of the infant’s diet to control blood
levels of phenylalanine prevents much of the brain damage
that occurs with accumulation of substrate in the absence of
effective enzyme. Screening programs for phenylketonuria
that used careful follow-up have allowed identification of
phenylketonuria variants, dihydropteridine reductase
(DHPR) deficiency and impaired tetrahydrobiopterin (BH4)
metabolism, that do not respond to dietary limitation of
phenylalanine (Kaufman, 1985). In these disorders, cofactor
therapy may be helpful, as has been the case in certain other
metabolic disorders.

Another therapeutic approach for treating metabolic
disease is providing a “somatic” source of the missing

enzyme; as, for example, with renal transplantation in
cystinosis (Ehrich et al., 1991). Similarly, bone marrow
transplantation for beta-thalassemia (Lucarelli et al., 1991)
replaces the deficient hemoglobin with effective
hemoglobin. Of course, there are many factors to consider
with this type of therapy, such as financial costs, morbidity,
mortality, the limited availability of human leukocyte anti-
gen (HLA)-identical donors, and the age of the recipient. In
southern Italy, the incidence of beta-thalassemia was re-
duced by the combined approach of population screening
and prenatal diagnosis (Cao et al., 1981), as had been done
for Tay-Sachs disease in the United States (Kaback et al.,
1977). However, although a similar approach is theoreti-
cally possible for other metabolic disorders, the success of
population-level programs depends on the public percep-
tion of the burden of the disease and whether families are
willing to undertake prenatal diagnosis to prevent the
disorder. The experience with cystic fibrosis suggests that
many families do not find prenatal diagnosis (especially
with consequent pregnancy termination) to be an
acceptable preventive approach.

Gene Therapy

For single-gene disorders in which the molecular patho-
genesis is known, the strategy of inserting a normal gene
(or appropriately modified nucleic acids) directly into the
genome of the affected individual to correct the disorder
has been actively pursued. Because the goal is to achieve
gene expression in the correct intracellular location, at-
tempts have been aimed at somatic modification rather
than germline modification. Ethical guidelines have
included the precept that gene transfer attempts should
target significant medical illnesses only, not genetic
characteristics that might be considered cosmetic or triv-
ial. The first human gene therapy trial occurred in 1989.
By the end of 1994, more than 80 clinical trials involving
gene transfer (enlisting more than 200 participants) had
been approved by the National Institutes of Health (NIH)
Recombinant DNA Advisory Committee (RAC) (Ledley,
1995), despite opposition from some groups to recombi-
nant DNA research of any kind. These trials focused not
only on rare, single-gene disorders (e.g., cystic fibrosis,
Duchenne’s muscular dystrophy) but also on disorders
as common as cancer, acquired immunodeficiency
syndrome (AIDS), and arthritis. By the year 2004, over
900 clinical trials were either completed, ongoing, or
approved throughout the world (Edelstein et al., 2004).
Over 100 distinct genes had been transferred. Though
most trials were found to be safe, some were discontinued
because of side-effects and unforeseen risks. The entire
approach to gene therapy was re-evaluated after the death
of Jesse Gelsinger in 1999 in a phase I trial to treat his
ornithine transcarbamylase deficiency. Research in gene
therapy continues, with particular attention to the need
for safety.
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A variety of approaches to gene therapy have been used.
One approach, which involves harvesting and cultivating
cells from the affected individual, introducing the recom-
binant genes into those cells in culture, and then reintro-
ducing the altered cells into the patient, has met with some
success for disorders in which the deficiency affects mainly
the cells in the bloodstream, such as adenosine deaminase
(ADA) deficiency, the first genetic disease to be approved
by the RAC for a gene therapy trial. ADA deficiency is par-
ticularly deleterious to the immune cells, especially the T-
lymphocytes. It accounts for about one-half of the cases of
autosomal recessive severe combined immunodeficiency.
After the first affected child in a family is identified, subse-
quent siblings could be screened for the disease either
prenatally or at birth. Previous therapy for the disorder in-
volved repeated transfusions with irradiated blood, which
provided enough ADA to temporarily meet the needs of the
individual (adequate immune-system function can be
achieved with less than the full normal levels of ADA). In a
more recent therapeutic approach, the ADA gene was in-
serted into the blood of two affected patients by means of
a retroviral vector. The genetically engineered cells were
then reinfused back into the patients, thus bypassing the
risks of autologous transfusion. The results were encourag-
ing in that both patients subsequently responded to
immunological challenges (Morgan & Anderson, 1993).
Additional research is in progress.

For some disorders, simply achieving normal levels of a
deficient protein is not enough to correct the underlying
defect. For example, in cystic fibrosis, a double dose of the
cystic fibrosis transmembrane regulator (CFTR) gene
decreases chloride transport across epithelial cell mem-
branes in the pancreas, lung, and sweat glands, resulting in
the complex pulmonary and pancreatic symptoms charac-
teristic of the disorder. However, to restore normal chloride
transport and viscosity of secretions, the therapeutic gene
must be introduced at the correct transmembrane position
in the affected glands. Altered adenovirus sprayed in
aerosolized form has been investigated in animal models,
but the results were complicated by varying degrees of
inflammatory response. An initial study that used a similar
approach in a small number of cystic fibrosis patients was
not markedly successful in incorporating the CFTR gene
into nasal epithelial cells (Knowles et al., 1995). There
was also considerable inflammatory response. However,
continuing work on alteration of the virus and possibly
even alteration of the immune response to the virus is
in progress.

Animal models are not always entirely predictive of the
human experience. The difficulties in transferring tech-
niques from the laboratory to the bedside were illustrated
in a study that attempted to transmit normal dystrophin
into boys affected with Duchenne’s muscular dystrophy by
transplanting myoblasts. Whereas animal studies had
demonstrated efficient incorporation of human myoblasts
into mouse muscle, the boys in this study showed poor

incorporation of the myoblasts and little clinical improve-
ment (Mendell et al., 1995). Although these preliminary
attempts were not successful, their results should not be
viewed as definitive; rather, such trials constitute an impor-
tant part of the investigative process into the means of
achieving successful gene incorporation into appropriate
tissues. As these and similar efforts continue, longterm
evaluation of the impact of such transfer approaches on
participating human subjects is essential.

One of the great challenges in the treatment of neu-
ropsychiatric disorders, assuming that the predisposing
genes can be found and the pathogenesis understood, is
crossing the blood-brain barrier. This barrier effectively
protects the human brain from infection, but it also
prevents direct transfer of viral vectors from the blood-
stream into the central nervous system. Thus, for gene ther-
apy of a disorder such as Tay-Sachs disease, efficacy would
depend on targeting the tissue affected by the hex-
osaminidase deficiency. For multifactorial psychiatric con-
ditions, vector therapies using conditional expression
systems induced by the same environmental triggers that
exacerbate psychiatric symptoms would be theoretically
desirable (Sapolsky, 2003).

One “gene therapy” success story is the treatment of the
nonneuronopathic form of Gaucher’s disease. This most
common form of Gaucher’s disease is characterized by ac-
cumulation of lipid-laden white cells and platelets in the
reticuloendothelial system, giving rise to enlargement of
the liver and spleen. Targeting the deficient enzyme (gluco-
cerebrosidase) by exposing the normally covered N-acetyl-
glucosamine and mannose residues on the enzyme pro-
duces low but sufficient levels of enzyme in those cells. Use
of a commercial product (Ceredase) in patients with type I
Gaucher disease has resulted in decreased spleen size, in-
creased platelet counts, and ultimately but very gradually, a
decrease in bone pain (Barton et al., 1991; Beutler, 1991).
Although the cost of the therapy is high, it represents a suc-
cessful targeting strategy. Such innovation might ultimately
be successful in bypassing the blood-brain barrier, al-
though there is no way to predict how many years of re-
search with animal models would be required to achieve
that end. In addition, postnatal gene therapy would not be
effective to addressing disorders that result from the inter-
action of multiple genes during development. Thus, it is
only fair to be realistic with patients’ families about the lack
of imminence of such a breakthrough. As knowledge of the
genetic contributions to neurologic and psychiatric disor-
ders continues, however, it will be important for clinicians
to become familiar with the knowledge gained by genetic
epidemiologic and genomic research. Tools that have be-
come available from the study of single-gene conditions,
the human genome, and multifactorial conditions may be
applied in creative ways first the understanding of the
pathogenesis of pediatric neuropsychiatric disorders, but
also hopefully to the prevention and treatment of such
disorders.
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Historically, the prominence of behavioral and psycholog-
ical interventions as frontline treatments of neuropsychi-
atric disorders in children has waxed and waned. In the
1950s and 1960s, the rise of behavior therapy was driven in
part by the emergence of innovative therapies for mentally
retarded and developmentally disabled children. Viewed as
untreatable by most psychoanalysts, children with the sig-
nificant cognitive limitations often associated with neu-
ropsychiatric disorders were typically institutionalized and
provided with few treatment options. For these children,
behavior therapy offered new approaches for decreasing
psychopathological behaviors that impeded integration
into the community and allowed for the teaching of social,
educational, and vocational skills that further enhanced
mental health and overall well-being. Simultaneously, the
corresponding emphasis on empirical demonstration of
treatment effectiveness (which is one of the core tenets of
behavioral therapy) called into question accepted
approaches and contributed to the demand that these
approaches also provide scientific evidence for their
therapeutic impact. Accordingly, psychoanalytic and

psychodynamic models (some of which erroneously
attributed certain developmental disabilities to parental
dysfunction) and the overuse of nonspecific pharma-
cotherapeutic approaches fell into disfavor.

In the 1970s and 1980s, scientific investigations into
the etiology of neuropsychiatric disorders delineated the
neuropathological and genetic contributions to such
conditions. New pharmacotherapies, which were devel-
oped in tandem with advances in cognitive neuroscience,
further added to the armamentarium of the clinician.
Moreover, neuropsychiatry matured quickly, growing
beyond issues of localization of brain function and its
clinical correlates to more sophisticated conceptualiza-
tions of neurological organization involving the interac-
tions of neurological, physiological, and environmental
systems. Indeed, the biopsychosocial model is now the
only scientifically tenable approach to the design and
implementation of comprehensive interventions in child
neuropsychiatry and psychology.

Paradoxically, the biological revolution has contributed
to a misperception that there is a conceptual dichotomy
between somatic (e.g., pharmacotherapy, electroconvulsive
therapy [ECT]) approaches to treatment and their psycho-
logical and behavioral counterparts. In some treatment
settings, psychological and behavioral approaches to the
treatment of child neuropsychiatric disorders are marginal-
ized or are not integrated into the overall treatment plan.
Likewise, in settings where behavioral interventions
predominate (e.g., special education), neuropsychiatric
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resources may be absent or tangential. Such disjunctive
practices perpetuate the unjustified stereotypes of neu-
ropsychiatrists as solely dispensers of medications and of
the psychologists as unappreciative of neurological and
genetic contributions to psychopathology.

Truly effective care of children with neuropsychiatric
conditions can occur only in multidisciplinary, integrated
treatment settings. Within these settings, interventions that
have as their goals reduction of psychopathology and
enhancement of skills that promote mental health and
longterm adjustment should work in tandem. Scientific
credibility and a strong linkage between etiological under-
standing and subsequent intervention are the common
denominators of effective treatment, regardless of the
clinician’s therapeutic orientation or professional training.

In this chapter we present an overview of psychological
and behavioral approaches to the treatment of neuropsy-
chiatric disorders in childhood. These approaches are
referred to as child psychotherapy or more generally, as
psychological interventions. In keeping with the requirement
of scientific credibility, we first review and consider re-
search evidence for the effectiveness of child psychother-
apy. Following a general survey of psychotherapeutic issues
relevant to work with developmentally disabled children,
we address principles and practices of behavioral assess-
ment and treatment. We close the chapter with a discussion
of family issues.

EFFICACY OF PSYCHOLOGICAL
TREATMENTS FOR CHILDREN AND
ADOLESCENTS

What is child psychotherapy? How effective is it? What
factors and characteristics are associated with positive
outcomes? These questions have generated considerable
debate over the past half-century and have been the subject
of several reviews in the last decade (Kazdin, 2000). There
is a consensus that research on child and adolescent
psychotherapy is nascent in comparison with that on adult
psychotherapy. However, there has also been a strong drive
in recent years to take stock of the child and adolescent
psychotherapy literature both to examine the overall effec-
tiveness of such interventions and to identify mechanisms
and moderators of positive outcome. The overall effective-
ness of psychological interventions with children is
relevant to pediatric neuropsychiatry in that, to the extent
that such interventions have been empirically shown to
be effective, they become viable treatment options for
neuropsychiatric disorders as well.

Critical Reviews and Meta-Analyses

The first question, What is psychotherapy? defies a simple
answer. Kazdin (1991, 2000) has estimated that there are

more than 230 approaches to child psychotherapy, which he
broadly defined as

An intervention designed to decrease distress, psychologi-
cal symptoms, maladaptive behavior or to improve adap-
tive and psychosocial functioning. These ends are sought
primarily through interpersonal sources of influence such
as learning, persuasion, counseling, and discussion inte-
grated into a specific treatment plan. The focus is on some
facet regarding how clients feel (affect), think (cognition),
and act (behavior). (Kazdin, 1991, p. 785)

Early reviews (e.g., Levitt, 1957) argued against the effec-
tiveness of child psychotherapy relative to no treatment,
although the literature on which these conclusions were
based was scant and characterized by serious methodologi-
cal limitations, including absence of control groups, unclear
or poor delineation of subject populations, use of vague
treatment protocols, failure to monitor treatment integrity,
and application of inappropriate assessment strategies. In
many of the investigations conducted to date there has been
the lack of statistical power to detect significant differences
between treatments (as opposed to between treatment and
no-treatment control conditions). Since then, there has
been considerable improvement in the methodological
rigor of child psychotherapy outcome research, particularly
in the last decade (Kazdin, 2003). Evidence for the effec-
tiveness of child psychotherapy has emerged from meta-
analyses of the expanded literature, which by conservative
estimates includes over 1,500 controlled studies (Kazdin,
2003). The maturity of the field is further demonstrated by
the dissemination of empirically-based psychological treat-
ments for children by the American Psychological
Association (Task Force on Promotion and Dissemination
of Psychological Procedures, 1995).

The advent of meta-analysis (Mann, 1990) has permitted
quantitative examination of treatment outcome research. In
meta-analysis, studies are aggregated and rated according to
predetermined criteria, and main effects across studies are
derived. Specifically, each study is quantified in such a way
as to generate an effect size, which is defined as the difference
between the means of the treatment and control groups
divided by the standard deviation of the control group. The
effect size reflects overall treatment effectiveness and is used
to delineate factors associated with treatment outcome (e.g.,
type of treatment, subject characteristics, contextual influ-
ences). The advantage of meta-analysis is that it is an objec-
tive approach to examining multiple studies rather than one
that relies primarily on subjective judgment and opinion, as
do more traditional reviews. However, meta-analysis is a
correlation procedure and thus does not remove the effects
of within-study methodological limitations; all studies have
equal weight in a meta-analysis, regardless of their design
limitations, although such factors can be empirically
examined in meta-analyses (Wilson and Lipsey, 2001).

Meta-analyses conducted in the past decade (Casey and
Berman, 1985; Durlak, et al., 1991; Weisz, et al., 1987;

686 Section IV: Principles of Treatment In Pediatric Neuropsychiatry

75191_ch30.qxd  10/7/05  03:31  Page 686



Weisz, Weiss, Han, Granger, & Morton, 1995) have sought
to determine the overall effectiveness of child and adoles-
cent psychotherapy and to identify factors associated with
positive outcomes. In the first of these meta-analyses, Casey
and Berman (1985) examined 75 studies (published
between 1952 and 1983) of psychotherapy outcome in
children and adolescents 3 to 15 years of age. Specific goals
of the meta-analysis were to determine (1) whether some
forms of psychotherapy were superior to others, (2) whether
the efficacy of psychotherapy varied as a function of the out-
come measures used, and (3) which subject characteristics
mediated outcome. Studies reviewed had an average sample
size of 42 subjects at posttreatment, examined children who
were primarily male (60%) with a mean age of 8.9 years,
and included treatment durations averaging 9.5 weeks
(range � 1 to 37 weeks). Behavior therapy was the treatment
most often represented (56%); other studies evaluated
cognitive behavior therapy (21%), client-centered therapy
(28%), and psychodynamic therapy (9%).

The results of this analysis indicated an overall effect size
of 0.71 for child psychotherapy (Casey and Berman 1985).
In other words, the outcomes of children receiving psy-
chotherapy were more than two thirds of a standard devia-
tion better than those of subjects in a control condition. This
effect size is consistent with results of meta-analyses of adult
psychotherapy (e.g., Shapiro and Shapiro 1982; Stevens, Hy-
nan, and Allen, 2000). Behavioral interventions were more
effective than nonbehavioral ones (effect sizes of 9.91 and
0.40, respectively). No differences were found for play versus
nonplay therapies, individual versus group approaches,
parent-involved versus child-only interventions, or as a func-
tion of age. Treatment effectiveness was greater in children
who displayed impulsivity, phobia, and somatic problems
(these three symptoms were also most likely to be targeted in
the studies that evaluated behavior therapy); problems of
social adjustment were less responsive to treatment.

Casey and Berman’s (1985) finding of superior efficacy
for behavioral psychotherapy is consistent with the results of
Shapiro and Shapiro’s (1982) meta-analysis of adult studies.
However, in their conclusions, Shapiro and Shapiro argued
that the relative superiority of behavior therapy was tem-
pered by the fact that behavioral and nonbehavioral treat-
ment outcome studies tended to target different problems.
Moreover, these authors contended that assessment mea-
sures used in behavioral studies were often directly linked to
treatment targets, as opposed to the more global indices of
functioning used in nonbehavioral studies. When these
therapy-specific measures (which Shapiro and Shapiro be-
lieved led to an artificially inflated effect size for behavioral
therapy) were excluded from the analysis, behavioral ther-
apy was no longer superior to nonbehavioral interventions.

In a second meta-analysis, Weisz and colleagues (1987)
examined 105 outcome studies (see Weiss and Weisz,
1990) of behavioral and nonbehavioral interventions with
children and adolescents 4 to 18 years of age. Studies were
selected only if they contrasted a treatment condition with

a nontreatment or minimal-treatment (i.e., attention)
control condition. Like Casey and Berman (1985), the
authors sought to examine overall treatment effectiveness
as well as correlates of positive treatment outcome.
However, contrary to the conclusions of Shapiro and
Shapiro (1982), Weisz and coworkers (1987) argued that
the direct link between assessment approaches and
treatment targets in most behavioral evaluations does not
necessarily represent a confounding factor in determining
the effect size of behavioral versus nonbehavioral interven-
tions. They pointed out that, for example, in the case of
phobia, the most clinically meaningful indication of fear
and its reduction is approach to the feared stimulus (a
measure typically used to assess behavioral interventions
for phobia). For such a condition, therefore, global
measures of child adjustment would be tangentially rather
than primarily relevant. In their meta-analysis, Weisz and
associates (1987) distinguished between outcome
“measures similar to the training procedures [that] are
appropriate and necessary for a fair test of treatment
success” (p. 546) and those assessments intricately linked
to treatment, which were deemed “unnecessary.”

Findings by Weisz and colleagues (1987) revealed a
mean effect size of 0.79 for treatment-versus-control com-
parisons. Once again, behavior therapy was found to be
more effective than nonbehavioral interventions (0.88 ver-
sus 0.44). This superiority remained when appropriate and
necessary assessments were retained (0.93 versus 0.45), but
it disappeared when all therapy-specific measures were
eliminated. Overall effect size did not significantly change
as a function of problem type (i.e., overcontrolled versus
undercontrolled behavioral disorders). Children (ages 4 to
12 years) were more likely to improve than were adoles-
cents (ages 13 to 18 years). Also, investigations that used
nonclinical samples obtained findings equivalent to those
that recruited subjects from clinics. Finally, treatment gains
were likely to be maintained at 6-month follow-up.

In a third meta-analysis, Weisz and colleagues (1995)
examined 150 studies published between 1967 and 1993
that were nonoverlapping with their previous meta-
analyses. These included multiple presenting disorders
(aggression, delinquency, anxiety, depression, somatic
problems) treated with varying interventions (behavior
therapy, relaxation, social skills training, cognitive ther-
apy, insight oriented approaches). As in previous meta-
analyses, child treatment exhibited sizable effects (0.71).
Additional findings included a superiority of behavioral
over nonbehavioral strategies, increased effectiveness in
females over males, and greater effectiveness in adoles-
cents over children (in contrast to Casey and Berman),
and equivalent effectiveness with internalizing and
externalizing disorders.

Although the body of literature on psychotherapy for
children and youth with developmental disabilities is
smaller than that for children with emotional and behav-
ioral disorders, there is a growing consensus that a range
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of treatments are potentially beneficial for this population
as well. Prout and Nowak-Drabik (2003) reviewed 92
studies and case reports of psychological treatments for
persons with mental retardation (26% of studies involved
children and adolescents; 5% included mixed samples of
children and adults). Although the methodological rigor
of this sample was highly variable, expert ratings of treat-
ment outcomes indicated moderate effects overall. An
effect size of 1.09 was derived for 9 studies sufficiently
controlled to permit meta-analysis. As with the aforemen-
tioned meta-analyses of the larger child treatment
literature, behavioral treatments were superior to their
nonbehavioral counterparts; although nonbehavioral
treatments are infrequently used or studied in this
population (Beail, 2003).

These meta-analyses yielded several important conclu-
sions. First, psychotherapy is an effective intervention for a
variety of social, emotional, and behavioral problems in
children and adolescents with psychiatric disorders. More-
over, treatment effects are durable, being maintained at
shortterm follow-up. Second, behavior therapy is a particu-
larly effective type of intervention. And third, similar effect
sizes are found in meta-analyses of the child and the adult
treatment literatures.

A frequent complaint among clinicians is that the exper-
imental research literature has limited generalizability to
actual clinical cases. There are potential limitations to
evidence-based treatments (e.g., Levant, 2004), and, in-
deed, the limited outcome research in natural clinic set-
tings (without the methodological control of laboratory
studies) has yielded less positive results than have more
empirically rigorous evaluations (although there is dis-
agreement about the extent of differences between clinic-
based and laboratory-based outcomes; see Shadish,
Navarro, Matt, and Phillips, 2000). Weisz, et al. (1995) ex-
plored 10 hypotheses regarding why such disparities exist
between laboratory and clinical findings. Their meta-anal-
ysis revealed that research treatment differed from clinic
treatment in that clinical samples were more pathologically
disturbed, research settings had superior resources, and be-
havior therapy (which is more likely to be part of research
studies but less likely to be employed by the clinical com-
munity as a whole (Kazdin, 2000)) is more effective than
nonbehavioral treatments. The analysis by Weiss and col-
leagues (1995) did not support other hypotheses (e.g., that
recent research uses superior methodologies, research clin-
icians are superior to community researchers, research ther-
apists receive more rigorous training, research psychother-
apy is more circumscribed in terms of clinical
presentations, research therapy is more highly structured).
Although much work clearly remains to be done in bridg-
ing the gap between treatment provided in clinical settings
and that provided in research evaluations (Weisz, et al.,
1995), the evidence for the superiority of behavior therapy
relative to alternative psychological interventions for chil-
dren and adolescents is compelling.

Guidelines for Empirically Supported
Treatments

The emergence of an empirical foundation for psychological
interventions in childhood disorders has spawned efforts to
develop clinician guidelines and decision trees in selecting
treatments for specific disorders (Herschell, McNeil, and
McNeil, 2004). The American Psychological Association’s
Task Force on Promotion and Dissemination of Psychologi-
cal Procedures (1995) established criteria for categorizing
treatments as well established or probably efficacious based
on multiple efficacy trials, clear procedural guidelines (i.e.,
treatment manuals), and independent replications. These, in
turn, were applied to different childhood disorders and
reviewed and summarized in a series of articles in The Jour-
nal of Clinical Child Psychology in 1998. Well-established
treatments included behavioral parent training for Conduct
Disorder, Oppositional Defiant Disorder, and Attention
Deficit/Hyperactivity Disorder (ADHD); and modeling and
reinforced practice for phobias. A number of additional
treatments, all cognitive and behavioral in approach, were
also identified as probably efficacious. These included, but
are not limited to, cognitive behavior therapy for depression
and anxiety, Multisystemic Therapy, Parent-Child Interac-
tion Therapy for conduct problems, and behavior therapy
for obesity. The establishment of these clinical guidelines
reflects the maturing state of the still evolving literature on
psychological treatments for childhood disorders.

The American Journal on Mental Retardation published
results of an expert consensus panel on the treatment of be-
havioral and psychiatric disorders in persons with mental
retardation (Rush and Frances, 2000). The purpose of this
effort was to establish best practices in the treatment of
children and adults with mental retardation. Guideline 3,
Psychosocial Treatment, reports on consensus treatment
recommendations based on severity of mental retardation,
and type of disorder/behavior problem. The degree of con-
sensus was high. Specifically, three psychosocial interven-
tions consistently emerged as recommended or treatment
of choice for a variety of disorders and behavior problems:
applied behavior analysis (operant and classical condition-
ing procedures), managing the environment, and client
and family education. It is noteworthy that, for most
specific behavior problems in this population, several
psychosocial treatments were recommended.

PSYCHOLOGICAL TREATMENT IN
NEUROPSYCHIATRIC DISORDERS

Although the meta-analyses described above suggest that
behavior therapy and its derivatives are the psychological
treatments of choice for neuropsychiatric disorders in
childhood, basic principles of psychotherapy are applica-
ble to this population as well. Indeed, the cornerstones of
psychotherapy, establishment of a therapeutic alliance, em-
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pathy, and unconditional acceptance; use of effective lis-
tening, are equally relevant to behavior therapy, despite the
erroneous stereotype of behavior therapy as cold and
overly clinical. Such relationship and process variables,
although not viewed by behavior therapists are etiologi-
cally crucial or as the primary mechanisms through which
treatment success is achieved, are nonetheless the sine qua
non of positive outcomes (Beutler, et al., 2003).

Ironically, behavior therapy flourished in the 1960s be-
cause of its success with children who were thought to be
poor candidates for psychoanalysis or other relationship-
based interventions. This previously ignored population
became the focus of a rapidly emerging and highly effective
technology of behavior modification and change. Recently,
however, there has been increased recognition of the emo-
tional and interpersonal needs of neuropsychiatrically im-
paired children and youth. This awareness has occurred in
tandem with (1) the acknowledgement that developmen-
tally disabled children can exhibit a variety of
psychopathologies, including internalizing disorders, in
addition to the overt behavioral anomalies inherent to
their primary disabilities; and (2) a greater appreciation for
the diversity of developmental abilities and outcomes in
children with neuropsychiatric disorders.

Accordingly, some authors (Harris 1995; Prout, Thomp-
son and Douglas, 1998) have called attention to the impor-
tance of psychotherapeutic interventions with neuropsychi-
atrically impaired children and adults. A number of factors
can undermine such children’s self-esteem, self-efficacy,
and sense of well-being (typically viewed as aspects of func-
tioning that are targeted for change in psychotherapy). Rel-
ative ineffectiveness in one’s environment, social isolation,
and emotional abuse by peers are but some of the variables
that can lead to anxiety, dysphoria, and demoralization.
Communication limitations can interfere with obtaining
needed social attention or tangible assistance, thereby con-
tributing to frustration and learned helplessness. Depen-
dence on others to provide for basic needs and the require-
ments of daily living can further engender feelings of
helplessness and inferiority. Such feelings can intensify
upon reaching developmental stages when independence
and emancipation are expected (e.g., adolescence). Al-
though these experiences will vary from child to child based
on the type and severity of disability and the degree to which
the child’s family and other caregivers (e.g., educators, men-
tal health professionals) are supportive and sensitive to the
child’s needs, they remain clinically significant features of
the lives of virtually all children with neuropsychiatric im-
pairments.

Harris (1995) has conceptualized psychotherapy in
individuals with developmental disabilities from an at-
tachment perspective. Attachment theory, first articulated
by Bowlby (1969) and later expanded by Ainsworth (1969)
and Sroufe and Rutter (1984), holds that establishment of
the affective bond between infant and caregiver is the first
and most important stage of social and emotional devel-

opment. Secure attachment emerges from reciprocal inter-
actions of infant and caregiver, consisting of sensitivity to
infant cues on the part of the caregiver and of socially rein-
forcing behaviors on the part of the infant. Insecure attach-
ment, most often resulting from maladaptive parenting,
can lead to avoidant, passive, or disorganized behavioral
and emotional response patterns in infants. Insecure
attachment in infancy, the crucial first stage of emotional
and social development, is likely to lead to failure to master
subsequent developmental challenges in these domains,
even extending into adulthood.

Attachment is an especially relevant construct in neu-
ropsychiatric disorders. Several features of these disorders
interfere with the development of a secure attachment rela-
tionship. First, some neuropsychiatric disorders have social
and interpersonal dysfunction as primary features of the
diagnosis (e.g., autism). Second, central nervous system ab-
normalities inherent in many neuropsychiatric conditions
may interfere with mechanisms responsible for the regula-
tion of emotional processes (e.g., in head-injured youth) or
other aspects of psychological and behavioral functioning
(e.g., inattention, behavioral dysregulation, language disor-
ders). Third, children with congenital abnormalities or early
onset of neuropsychiatric conditions may exhibit character-
istics that prevent formation of or undermine the attachment
bond, or that are especially challenging for caregivers. For ex-
ample, irritability, screaming, maladaptation to changes in
routine or setting, or other behavioral sequelae of neuropsy-
chiatric disorders in infants, can negatively affect the
infant–caregiver relationship, particularly when the parent’s
ability to effectively identify infant cues and respond to them
quickly and sensitively is already compromised (Ammer-
man and Patz, 1996). And fourth, social isolation and peer
rejection interfere with socialization in neuropsychiatrically
impaired children over and above the limitations imposed
by the extent and severity of neurological dysfunction. Es-
sentially, there are only a limited number of social and life
experiences from which children may learn developmentally
appropriate social and interpersonal skills. To the extent that
attachment and subsequent socialization are undermined
across the life span, neuropsychiatrically disturbed children
are at increased risk for developing other forms of internal-
izing and externalizing disorders.

Some authors have argued that language-based psy-
chotherapy is appropriate and potentially beneficial for per-
sons with developmental disabilities if adaptations are made
to simplify language, focus on more modest goals, and uti-
lize strategies that are more effective given intellectual chal-
lenges (Prout, Thompson, and Douglas 1998). In conduct-
ing psychotherapy with individuals with developmentally
disabilities, Hurley (1989) has recommended six adapta-
tions to the practices implemented with their cognitively in-
tact counterparts: (1) use a directive approach, (2) involve
family and caregiving staff in treatment, (3) alter the inter-
vention to the individual’s cognitive and developmental
level, (4) recognize and acknowledge the individual’s
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interpersonal distortions and biases, (5) be flexible in select-
ing and applying interventions, and (6) assist the individual
in accepting his or her disability. Treatment is facilitated by
acknowledging the emotional and interpersonal needs of
the child and by building into the treatment plan the means
by which those needs can be met.

PRINCIPLES OF BEHAVIORAL
PSYCHOLOGY

Behavioral psychology has its roots in the early years of both
experimental and clinical psychology. The application of
classical conditioning paradigms found its early expression
in the work of Watson (1924) and M.C. Jones (1924) in the
treatment of childhood fears. Watson, in particular, is cred-
ited with establishing behavioral psychology’s emphasis on
empiricism and observable phenomena, a radical departure
from the intrapsychic approach of psychoanalysis and the
introspective tradition of early experimental psychology.
Operant conditioning flourished under the leadership of its
leading exponent and most prolific researcher, B.F. Skinner
(1953). By the 1950s, experimental research with operant
conditioning and classical conditioning paradigms had led,
both directly and indirectly, to the design and evaluation of
clinical interventions. Today, a considerable array of clinical
procedures based on behavioral psychology is available to
clinicians (Kazdin, 2001).

In this section we provide a brief overview of the basic
principles of behavioral psychology. Many of these princi-
ples were originally identified in the laboratory with ani-
mal models, although their applicability to humans in
general and to neuropsychiatrically impaired children in
particular has been established. A thorough understanding
of these principles is essential to the effective implementa-
tion of behavioral treatments. Indeed, a cookie cutter ap-
proach to behavior therapy, in which a series of techniques
is indiscriminantly applied to targeted behavioral psy-
chopathologies independent of a careful conceptualiza-
tion, is unlikely to work. Instead, treatment should emerge
from an understanding of the variables that cause and
maintain maladaptive behavior patterns, as well as an
appreciation for how environmental manipulations can
alter these patterns.

Operant Conditioning

Operant conditioning forms the basis of the majority of
behavioral interventions used in pediatric neuropsychiatry.
In operant conditioning, a behavior is followed by a conse-
quence that either increases or decreases the probability that
the behavior will occur in the future. Reinforcement increases
the likelihood that a behavior will recur, whereas punish-
ment decreases that likelihood. In positive reinforcement a
pleasurable stimulus (e.g., praise, food) is presented, while
in negative reinforcement an aversive stimulus is withdrawn

(e.g., escape from an unpleasant activity). Punishment con-
sists of either the presentation of a noxious stimulus (e.g.,
yelling) or the removal of a pleasant stimulus (e.g., taking
away a favorite toy). Temporal contiguity between the be-
havior and the consequence is critical: the interval must be
short, often only a few seconds. Determining which stimuli
are reinforcing or punishing is an empirical issue that can
only be resolved by observing a stimulus’ effect on the
behavior (i.e., an increase or decrease in the probability of
recurrence). Intensity of reinforcers and punishers is equally
critical. Reinforcers that are intense and delivered to individ-
uals in a relative state of deprivation will lead to a more ro-
bust and durable behavioral response. Likewise, if the
individual is satiated, the effect of the reinforcer will be
diminished. Punishers, too, must be intense in order to be
effective. This phenomenon is one of the reasons that pun-
ishment is rarely used in clinical practice: ethical concerns
preclude administration of aversive stimuli of sufficient in-
tensity to significantly suppress an undesirable behavior.
Moreover, the side effects of intense punishment are highly
negative (e.g., pain, anger, anxiety, fearfulness).

Schedules of reinforcement pertain to the rules, or
contingencies, under which reinforcers are delivered. In
continuous reinforcement, a reinforcer is delivered each time
a behavior occurs. Intermittent reinforcement, on the other
hand, involves delivery of the reinforcer after the emission
of more than one occurrence of the behavior or within a
particular time frame. For example, ratio schedules require
delivery of a reinforcer after a specific number of behaviors,
and interval schedules dictate the delivery of reinforcers after
a specific period of time has elapsed. Reinforcer delivery
can be fixed (i.e., after every 10th response or after a 1-
minute interval) or variable (i.e., after an average of every
10 responses or after an average interval of 1 minutes). Two
variations of the above schedules of reinforcement are
differential reinforcement of other behavior and differential
reinforcement of incompatible behavior schedules, in which a
reinforcer is delivered after an interval of time during which
a particular behavior is not emitted. Differential reinforce-
ment of other behavior and differential reinforcement of
incompatible behavior schedules are widely used with
neuropsychiatrically disturbed children who exhibit
aggressive or self-injurious behaviors.

A final aspect of reinforcement is fading. In fading, the
contingencies for delivering reinforcers are gradually
shifted to require more responses (in ratio schedules) or a
greater time interval (in interval schedules) between rein-
forces. Fading creates a more durable response pattern and
decreases the labor needed to deliver frequent reinforcers.

When the contingencies change so that a reinforcer is no
longer delivered after a response, extinction will occur. The
pattern of responding during extinction varies as a function
of the reinforcement schedule previously in place. If
responses were continuously reinforced, responding
decreases quickly and eventually ceases. With intermittent
reinforcement schedules, responding is more durable,
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taking a longer time to drop off. Often, a significant in-
crease in responding (i.e., an extinction “burst”) occurs
when reinforcement is first withdrawn. For example, a
preschooler’s tantrums that are reinforced by a parental
attention may initially increase in frequency and intensity
when the parent begins to ignore them.

Other important features of operant conditioning are
stimulus discrimination and generalization. Discrimination
describes the degree to which the individual distinguishes
between specific features of the stimuli present in the set-
ting where the reinforcer is delivered (e.g., a child is non-
compliant with parents but not with teachers). Stimulus
generalization is said to occur if the child is noncompliant
in all settings in which demands are placed. When operant
methods are used to increase positive behaviors (e.g., social
initiation in a withdrawn child), generalization is desir-
able, that is, it is hoped that skills learned in the hospital
unit will generalize to school and the playground. How-
ever, generalization rarely occurs unless it is specifically
built into the treatment plan (Edelstein, 1989).

Shaping is the process by which complicated behaviors
are taught by means of positive reinforcement. In shaping,
successive approximations of the desired behavior are rein-
forced, with the criteria for receiving the reinforcer made
progressively more stringent. In the case of the social with-
drawal, a child may initially receive positive reinforcement
for leaving his room in a hospital unit, then for gathering
with other children, and finally for talking with them. Chil-
dren with significant cognitive impairments will require a
much finer breakdown of the behaviors to be subsequently
shaped. A task analysis specifies the sequence of steps re-
quired to perform the targeted behaviors (e.g., brushing
teeth). Task analyses are most often used with autistic
and/or mentally retarded children.

Classical Conditioning

Classical conditioning is a form of learning in which two or
more stimuli become associated. It is generally viewed as a
more passive form of learning than operant conditioning
in that the targets to be altered are reflexive and autonomic
responses rather than overt behaviors (operants). In classi-
cal conditioning, an unconditioned stimulus initially elic-
its an unconditioned response. For example, an individual
may experience a traumatic event (unconditioned stimu-
lus) and become extremely anxious (unconditioned
response). A stimulus temporally contiguous with the
unconditioned stimulus, referred to as the conditioned
stimulus, subsequently elicits a conditioned response that
is topographically similar to the unconditioned response.
For example, the individual may experience anxiety in
settings similar to those in which the traumatic event
occurred. Therefore, classical conditioning involves the
learned association between a conditioned stimulus and an
unconditioned stimulus, which in turn leads to a condi-
tioned response.

The conditioned stimulus must precede the uncondi-
tioned stimulus. Essentially, the conditioned stimulus
alerts the individual that an unconditioned stimulus is
coming. As in operant conditioning, the time interval be-
tween the conditioned stimulus and the unconditioned
stimulus must be brief (i.e., 1 to 2 seconds). The only ex-
ception to this requirement is for conditioned taste aversion,
in which the interval can be several hours. The conditioned
response is strengthened by repeated pairings of the condi-
tioned stimulus and the unconditioned stimulus. If the
conditioned stimulus is intense, fewer pairings (or even
only one paring) will be needed to bring about a condi-
tioned response. Presentation of the conditioned stimulus
without the unconditioned stimulus results in extinction
and a weakening of the conditioned response. Passage of
time has little effect on the strength of the conditioned re-
sponse. Stimulus discrimination and generalization (in
which the conditioned response may be elicited by stimuli
similar but not identical to the conditioned stimulus) also
occur in classical conditioning.

Classical conditioning is important in the development
or maintenance of several anxiety disorders, including spe-
cific phobias, posttraumatic stress disorder, social phobia,
and obsessive-compulsive disorder. Systematic desensitization
and exposure are two widely used behavioral interventions of
anxiety disorders that are also based on classical condition-
ing. In pediatric neuropsychiatry, in which developmental
disorders predominate, there are relatively fewer applica-
tions for classical conditioning. However, there has been a
recent convergence of assessment and treatment approaches
in the literatures on children with developmental disabilities
and children with emotional and behavioral problems such
that there is increasing overlap in implementation and out-
comes (Clarke, Dunlap, and Stichter, 2002).

Social Learning Theory

Unlike operant and classical conditioning, in which
environmental factors predominate as determinants of
behavior, social learning theory assigns a prominent role to
cognition in the etiology of child psychopathology.
Modeling is an important form of learning (Bandura, 1977)
whereby children acquire knowledge by observing others.
Attributions are also critical; self-efficacy, or the child’s be-
lief that he or she is a competent person, promotes effective
social behavior and is associated with overall well-being
and mental health. The tenets of social learning theory are
consistent with the cognitive focus of developmental psy-
chopathology, developmental models of socialization and
emotional regulation, and cognitive therapy. An important
advance in social learning theory has been in our under-
standing of development of antisocial behavior in children
and adolescents (e.g., Patterson, 1997). Because of its
cognitive focus, social learning theory is less applicable to
children with neuropsychiatric disorders who are non-
verbal or cognitively limited.
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BEHAVIORAL ASSESSMENT
AND TREATMENT

Behavioral Assessment

Behavioral assessment operates under several assumptions.
First, behavior is primarily controlled by environmental
contingencies, and the functional relationship between
environmental variables and specific target behaviors is the
primary focus of assessment. Second, target behaviors must
be operationally defined, observable, and measured
reliably. Third, because behavior is likely to differ across
settings, it is necessary to gather data from multiple venues
in the child’s life. And fourth, assessment and treatment are
intricately linked, such that treatment plans should emerge
from assessment data and should be periodically altered to
reflect changes in patterns of behavior. Thus, unlike more
traditional psychological assessments, in which measures
are administered discretely before and after treatment,
behavioral assessment is ongoing and continuous.

Behavioral assessment also takes into account the nu-
merous factors that influence the child’s clinical presenta-
tion (MacDonald, 2003). These factors include the child’s
physical health, genetic liability to psychiatric disorder,
neurological impairment, family system, and growth and
psychosocial development.

What is categorized under the rubric of behavioral
assessment techniques has expanded greatly over the years.
Originally, direct observation of behavior in the natural envi-
ronment was the defining feature of behavioral assessment,
and this method remains the cornerstone of data gathering.
With this approach, target behaviors are operationally de-
fined, clear criteria for their occurrence are stipulated, and
exploratory samplings are conducted during which the be-
havior is measured. Behaviors can be counted (e.g., num-
ber of hostile verbalizations) and timed (e.g., number of
minutes spent mouthing an object in a given hour), or a be-
havior can be recorded as having occurred or not occurred
during a specific time interval (e.g., out of seat at any time
during 5-minute intervals). Antecedents (events that precede
the emission of the behavior) and consequences (responses
to the behavior) are also recorded. Reliability checks are
conducted to ensure that data are being collected in an ac-
curate and consistent manner. Data are collected prior to
(baseline) and during treatment.

Single-case experimental designs (Tervo, Estrem, Bryson-
Brockmann, and Symons, 2003) are used to evaluate an in-
tervention’s effectiveness. Examples of such methodologies
include the alternate-treatments design (A-B-A-B), in which the
intervention is alternately introduced and removed, with the
expectation that the behavior will change in the predicted di-
rection as a function of the intervention, and the multiple-
baseline design, in which the intervention is introduced
sequentially across classes of behavior or across settings.

Observation can also be conducted in analog fashion;
examples include simulated social interactions (role-play

tests) and clinician-directed parent–child interactions (i.e.,
asking a parent to place a demand on the child so that their
interactions can be observed). Behavioral assessment also
measures products of treatment, such as body weight (in a
weight-loss program), physiological arousal (in an anxiety-
reduction intervention), or number of items correct on a
test (in a program for ADHD).

Most behavior therapists incorporate additional forms
of measurement in their assessments, including self-report
questionnaires, semistructured and structured interviews,
symptom checklists, personality assessments, functional
skills inventories, diagnostic interviews, cognitive and
developmental functioning tests, and family functioning
indices, to name but a few. This broadening of the defini-
tions of behavioral assessment is viewed by most behav-
ior therapists as a positive development in that it brings
together approaches to data gathering that have as their
common feature a reliance on empirical methods for
instrument development.

Behavioral Treatments

General Issues
Before specific behavioral interventions are addressed, we
note several implementation issues critical to the successful
outcome of behavior therapy.

First, behavior therapy involves considerable effort on
the part of the clinicians and caregivers. Restructuring
environmental contingencies requires the participation of
parents, teachers, and others in the child’s life. Indeed, the
time commitment required may discourage families and
clinicians from embarking on behavioral treatment plans.
However, considerable evidence exists of the shortterm and
longterm benefits of behavior therapy, and caregivers fre-
quently underestimate the amount of time they already
spend responding (usually without positive effect) to
psychopathological behavior in their children.

A second issue is consistency in carrying out behavioral in-
terventions. Behavioral programs are extremely sensitive to
inconsistent implementation, which typically results in
failure. For example, if a reinforcement program is admin-
istered correctly by the child’s mother but incorrectly by the
father, the intervention is likely to collapse. A general rule
of thumb is that clinicians should enlist the active cooper-
ation and involvement of caregivers before proceeding with
the intervention. Toward this end, therefore, behavior
therapy requires a partnership between families and clini-
cians. A corollary to this rule is that it is best not to begin a
behavioral intervention until the family’s active and full
participation has been enlisted; otherwise, the plan will
fail, and the family will attribute that failure to the specific
intervention, thereby undermining future attempts by
other professionals to use behavioral approaches.

A third issue is the ethical and legal imperative to use the
least restrictive intervention possible when designing and car-
rying out treatments (Spreat and Jampol, 1997). This prin-
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ciple means that interventions should be as unintrusive as
possible, provide maximum freedom and choice to the pa-
tient, and be conducted in settings that are open and un-
controlling. Failure in these settings justifies interventions
that are more restrictive in nature, although it is imperative
that such failure be well documented before alternative set-
tings or treatments are pursued. In the case of behavior
therapy, it is virtually universally recognized that positive
approaches to behavior change are preferable to punish-
ment, and that, should aversive interventions be used, a
positive behavioral program should be part of the overall
treatment package.

A fourth consideration is concurrent implementation of be-
havior therapy with other treatments. It is generally believed
that behavior therapy is a less restrictive form of treatment
than some kinds of pharmacotherapy and thus should be
tried before medications are prescribed. In practice, however,
the use of behavior therapy prior to pharmacotherapy is the
exception rather than the rule. Although the underuse of be-
havior therapy can be partly attributed to lack of training in
or appreciation of behavior therapy as an efficacious treat-
ment on the part of mental health practitioners, it is also the
case that severe psychopathologies, particularly those
involving aggression or self-injury, often require multiple
interventions, and that such combined interventions are
more likely to lead to a rapid treatment response. Thus,
concurrent use of behavioral and somatic treatments is often
desirable. Although the literature on concurrent use of med-
ications and behavioral treatments in children is sparse, pre-
liminary evidence suggests that these approaches may have
additive or synergistic effects (see Pelham, et al., 2000).
There are few scenarios in which such combined treatments
are contraindicated, except perhaps in the anxiety disorders
(e.g., the use of anxiolytics in patients with specific phobias
may interfere with extinction of conditioned anxiety).

Behavioral Techniques

Specific behavioral interventions should emerge from the
functional assessment, in which the antecedents and conse-
quences of targeted behaviors are identified. Patterns of be-
havior are examined to establish contextual parameters in
which the behavior is likely to occur. During this stage, po-
tential reinforcers are also identified by observing the child
and interviewing the child and caregivers. For children who
are nonverbal or who have profound cognitive impair-
ments, identifying an array of potential reinforcers can be
quite challenging. Creativity is often required to generate
toys, objects, smells, or tactile stimuli that might be rein-
forcing. Reinforcement sampling (Patel, Carr, Kim, Robles,
and Eastridge, 2000) refers to the process whereby simple
behaviors are shaped by introducing a variety of potential
reinforcers in an effort to identify those stimuli with the
strongest reinforcing properties. In this paradigm, poten-
tially reinforcing stimuli are first presented to the child in
an effort to determine their relative pleasantness

(approach) or unpleasantness (avoidance). To evaluate
their strength, stimuli that appear to be reinforcing are then
used to teach the child simple tasks. In this way, a menu of
reinforcers is created that can be used in more complicated
behavioral programming. Assumptions should not be
made about what stimuli might or might not be reinforc-
ing; social praise may mean little to an autistic child, and a
neurologically impaired child may be overstimulated by
physical touch and find such stimuli aversive.

For most children with neuropsychiatric disorders, it
will be desirable both to decrease negative behaviors (i.e.,
aggression, defiance, noncompliance, inattention, self-
abuse) and to increase positive behaviors (e.g., social initi-
ation, social skills, recreational skills, problem-solving
skills, self-control skills). Positive behavioral programming
(Gresham, et al., 2004) encompasses behavioral interven-
tions that are based on positive reinforcement and that are
minimally restrictive in nature.

The first step in behavioral interventions is to structure the
environment. The functional assessment will have revealed
stimuli or settings in which the behavior problem is most
likely to occur. Changes in these settings or in the child’s
routine may be the most effective (and certainly the least in-
trusive) way of reducing maladaptive behaviors. For exam-
ple, many autistic children react negatively to changes in
routine or transitions during the day. Ample advance warn-
ing about upcoming transitions, or ensuring that such
changes are not abrupt and unexpected, may prevent
negative reactions.

Positive reinforcement is the centerpiece of any behavior
program. Positive reinforcement is not only a less restrictive
intervention; in addition, because it has as its focus the learn-
ing of new behaviors, it has the potential to enhance the
behavioral functioning of the child rather than simply
suppressing an undesirable behavior. Reinforcing stimuli are
identified through the functional analysis conducted during
behavioral assessment as well as through reinforcement
sampling. Behavioral interviews with the family and child (if
possible) are also sources of information about reinforcing
stimuli. Differential reinforcement of other behavior and dif-
ferential reinforcement of incompatible behavior schedules
are implemented to decrease aggressive or self-abusive be-
haviors; other reinforcement schedules are used when new
behaviors are to be learned. With differential reinforcement
of other and differential reinforcement of incompatible
behavior schedules, reinforcement is delivered contingent
upon a behavior’s absence.

Differential reinforcement of appropriate response schedules
target specific behaviors for reinforcement that are directly
incompatible with the aberrant behavior and that serve to
enhance the child’s overall functioning. Initially, contin-
gencies should be structured so that the child is highly
likely to earn rewards. Effort on the part of the clinician,
staff, and family is greatest at this point.

Prompting, manual guidance, and shaping are critical ap-
proaches in the early implementation stages of reinforcement
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programs for teaching new skills and behaviors. As the child
receives reinforcers and successfully adapts to the program,
the contingencies are gradually made more stringent (fading).
To promote generalization of learned behaviors to other set-
tings or with other caregivers, the program is then expanded
to these areas. Failure to actively promote generalization will
likely result in rapid deterioration after discontinuation of
treatment. Using reinforcers that are likely to occur in the
child’s natural environment is the best way to facilitate
generalization.

For behavior problems that are reinforced in the child’s
natural environment (e.g., tantrums reinforced by parental
attention), extinction is often employed. In this procedure,
the reinforcing stimuli are withdrawn in the hope that the
behavioral problem will decrease or disappear if it is not
reinforced. As previously mentioned, a brief increase in in-
tensity of the behavior (the extinction “burst”) is to be ex-
pected when the reinforcing stimuli are first withdrawn.
Extinction should never be the sole intervention used, for
the simple reason that it is an approach that is almost im-
possible to implement consistently. Almost invariably,
someone in the child’s environment will inadvertently
reinforce the negative behavior, thereby providing intermit-
tent reinforcement and strengthening the behavior’s resis-
tance to extinction. Extinction is more likely to be effective
if used in conjunction with other behavioral interventions.

For self-stimulatory or self-abusive behaviors, which are
often controlled by internally-based reinforcers rather than
environmental ones, sensory extinction is a variable treatment.
In this procedure, the reinforcing aspects of the behavior are
reduced or eliminated (e.g., a desk is padded with soft mate-
rial for a child who head-bangs on that surface). Such an in-
tervention can be quite effective in combination with differ-
ential reinforcement of other behavior, differential
reinforcement of incompatible behavior, and differential re-
inforcement of appropriate response schedules. Under con-
trolled conditions, extinction has been found to be an
effective intervention. For example, Iwata and colleagues
(1990) used extinction to treat hand biting, face hitting, and
head banging in seven children and adolescents with mild to
profound mental retardation. Withdrawal of reinforcing
stimuli (e.g., escape from demand, attention) results in
clinically significant reductions in self-injury.

Functional communication (e.g., Kahng, Hendrickson,
and Vu, 2000) has recently emerged as a major treatment
option for neuropsychiatrically disturbed children who are
nonverbal or who have limited language abilities. This
approach derives from the assumption that aggressive, self-
abusive, and self-stimulatory behaviors occur partly as a
result of frustration secondary to ineffectiveness in one’s
environment and problems in communicating needs and
wants. Accordingly, teaching children alternative ways of
communicating (“I need help” or “I want a break”) by
using assistive devices or sign language should reduce frus-
tration and lead to decreases in aberrant behavior. Func-
tional communication also teaches children alternative

ways (e.g., other than acting out) to escape aversive situa-
tions, thereby circumventing the negative-reinforcement
contingencies that can maintain aggressive and self-
stimulatory behaviors.

Punishment paradigms should be used only 1) when pos-
itive reinforcement methods have been tried and have
failed, 2) in conjunction with positive reinforcement pro-
grams, 3) when the clinical consequences of the behavior
problem are seriously detrimental to the child or others,
and 4) after being appropriately reviewed by the treatment
team or an independent body (e.g., human rights commit-
tee) (National Institutes of Health, 1991). Depending on
the setting, state and federal regulations typically mandate
extensive restrictions on the use of aversive approaches.
Response cost is a relatively mild aversive procedure in which
reinforcers are withdrawn contingent upon the emission of
a targeted negative behavior. Essentially, it involves a
penalty used in the context of a positive reinforcement pro-
gram. Response cost procedures may bring about a more
rapid treatment response; these have been found to be es-
pecially helpful in children with disruptive behavior disor-
ders (Musser, Bray, Kehle, and Jenson, 2001). Overcorrec-
tion involves requiring the child to undo or correct (i.e.,
make restitution for) the damage resulting from an
aggressive behavior (e.g., throwing objects) and then to
carry out a series of steps (e.g., using the object appropri-
ately) incompatible with the acting-out behavior (positive
practice). Time-out is a procedure whereby the child is
removed from a setting in which negative behaviors are
being reinforced to an area where no such reinforcement is
possible. The time-out may involve moving to the corner of
a classroom away from the group (exclusionary time-out)
or being isolated in a separate room with the door closed
(seclusionary time-out). In most settings, types and
durations of time-out are quite restricted. Time-out is most
effective if it is quickly implemented, of short duration,
used with behavior problems maintained by social
reinforcers (which are absent in the time-out situation),
and not in itself reinforcing (i.e., positively reinforcing by
attracting attentions, or negatively reinforcing by allowing
the child to escape an unpleasant task).

In general, punishment should be used sparingly. As
previously noted, the side effects of punishment (e.g., fear,
anger) are undesirable, and punishment procedures do not
by themselves teach the child alternative behaviors.
Moreover, these approaches are easily abused. The role of
punishment in the treatment of neuropsychiatrically
impaired children is still a matter of debate, however, and
some advocate its use for cases of severe self-injury in which
other interventions have been ineffective.

Token Economy

Token economics emerged in the 1960s as an important
approach to behavioral change in developmentally
disabled and neuropsychiatrically disturbed children.
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Essentially, a token economy is a system in which contin-
gencies are established for the earning of objects or sym-
bols that in turn are exchanged for reinforcers. The rules
for earning, losing, and exchanging tokens, as well as the
types of reinforcers that can be earned, are established by
the clinician. Because the token economy is designed to
influence groups of people, it is employed in closed and
controlled settings such as classrooms, inpatient units,
and group homes.

Tokens have no reinforcing properties by themselves;
they usually consist of chips, paper cutouts, or points on
a card. Williams, Williams, and McLaughlin (1989) noted
that, to be effective, tokens should be easily dispensed,
easy to carry and exchange, draw little attention away
from the task at hand when distributed, and have an
understandable exchange value. Tokens are secondary
reinforcers, that is, they gain their reinforcing qualities by
their association with primary reinforcers. To the extent
that the primary reinforcers are salient and powerful, the
tokens will also take on those features. As with all rein-
forcement programs, success is dependent upon establish-
ing a menu of desirable reinforcing stimuli with which to-
kens are paired. If the child does not find the stimuli to be
reinforcing, the token system will deteriorate and fail.
Likewise, if the contingencies for earning tokens are too
stringent and difficult for the child, motivation will
decrease and the system will not work. If the child has
several reinforcers from which to choose, the token sys-
tem is more likely to be effective. Thus, a good economy
has an array of reinforcing stimuli and allows the child to
earn tokens readily.

Tokens are typically used for group management. For
example, inpatient units may have a levels system whereby
privileges are earned through points awarded contingent
upon maintenance of self-control and participation in
ward programs. There also exists a sizable literature
documenting the use of token economies as primary
treatment modalities (Martin and Pear, 2002). Indeed,
token economies were originally developed to treat, rather
than simply manage, behavior problems. Examples of
treatment targets include social initiation, compliance,
delusional verbalizations, and language acquisition.

Token economies have several advantages over other in-
terventions. Tokens are effective reinforcers, and provision
of a menu of reinforcers decreases the likelihood of satia-
tion. Moreover, a token economy is a relatively less restric-
tive form of intervention, tokens can be paired with social
reinforcers (e.g., praise) to enhance their reinforcing
strength, and tokens can be used to promote generalization
of learned behaviors to other settings.

Paradoxically, despite the demonstrated effectiveness of
token economies, their use has decreased, and they are
rarely established for reasons other than group manage-
ment. A number of factors are responsible for this decline,
including concerns about cost, the labor required to set up
and maintain a token system, potential problems arising

from the use of extrinsic rewards for social behaviors, legal
limitations on what can and cannot be administered to in-
dividuals contingently, and problems with generalization.
However, token economies are cost effective, run smoothly
when implemented properly, and can be easily manipu-
lated to fade reliance on tangible reinforcers and promote
generalization to other settings (Martin and Pear, 2002).
For these reasons, they should be considered a viable and
highly successful approach to behavior change.

Summary of Behavioral Assessment and
Treatment

It is clear that behavior therapy encompasses a series of
approaches and techniques embedded within a theoretical
conceptualization of how aberrant behavior originates and
how it can be altered. Haphazard application of behavioral
strategies in the absence of a careful case formulation is
almost certain to fail. Rather, for behavior therapists,
assessment and treatment are tightly woven together, each
influencing the other in a dynamic manner.

Table 30.1 presents a summary (grouped by type of
approach) of the behavioral interventions outlined in this
section in order to articulate a step-by-step approach to
behavioral assessment and treatment. It should be empha-
sized that the selection of appropriate interventions must
arise from the assessment. Moreover, the choice of treat-
ment may change as the ongoing assessment reveals new
functional relationships and areas in need of intervention.

Assessment begins with the behavioral interview. This in-
terview differs somewhat from other clinical interviews in
that its primary goals are to identify factors relevant to be-
havioral intervention. Thus, in addition to gathering
information on interpersonal, family, and school function-
ing, the behavioral interview focuses on specific parameters
of problem behaviors (severity and frequency), antecedents
and consequences of behaviors, settings in which the
behaviors may be better or worse, skills that the child may
have, and potential reinforcers that may maintain or
increase negative behaviors or that may subsequently be
used in a reinforcement program. From the beginning,
then, information gathering focuses on features that will be
incorporated into treatment.

Behavior therapists also employ standardized assessments,
which are useful in comparing the child’s behavior with
that of relevant normative or control groups. Moreover,
specific items on some standardized measures may lead to
a better understanding of factors contributing to the be-
havior and controlling its expression. As in any clinical as-
sessment, collection of information from multiple sources
is imperative. Nonetheless, such measures are not integral
to treatment selection and treatment effectiveness monitor-
ing; rather, they supplement the behavioral measures artic-
ulated earlier in this chapter.

Direct observation is the cornerstone of behavioral
assessment. Recording the occurrence and parameters of
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behavior problems in the environments in which they are
exhibited is essential both for documenting the severity of
these problems and for monitoring changes resulting from
intervention. Direct observation also permits identification
of antecedents, consequences, and environmental stimuli
that may influence the behavior.

The functional assessment involves manipulation of envi-
ronmental factors to observe their impact on the expression
of behavior. In this way, the functional relationship
between environmental variables and behavior can be
ascertained, and changes can be made in those variables as-
sociated with an increase in aberrant behavior.

Finally, information gathered from other assessment
approaches may be critical to understanding the etiology and
treatment of behavioral disorders. Imaging studies may im-
plicate specific neurological contributions. Likewise,
neuropsychological evaluations may identify neurocognitive
impairments and learning difficulties. Because such phe-
nomena may interfere with learning, behavioral interven-
tions may need to be adapted for optimal effectiveness.

FAMILY ADAPTATION
AND INTERVENTION

Historically, the family was viewed as the primary etiologi-
cal influence in child neuropsychiatry and psychology.

Psychopathology and behavioral disturbances in children
were attributed to dysfunctional family systems in general,
and to inappropriate parenting practices in particular.
Another widespread belief was that raising a child with a
disability led to longterm family distress and, in some
cases, psychopathology in family members. In other words,
a disabled child results in a disabled family.

More modern research, however, has largely dispelled
the myths that neuropsychiatrically impaired children
necessarily emerge from dysfunctional families and that all
families fail to adapt to childhood disabilities (Quittner
and DiGirolamo, 1998). Instead, it is increasingly apparent
that the etiologies of neuropsychiatric disorders are multi-
determined and frequently involve processes that are out
of the direct control of family members (e.g., genetic
anomalies, neurological damage) (Schuntermann, 2002).

Most recently, research has started to track resiliency
factors; those aspects of the family environment and
interpersonal traits that increase the likelihood of positive
adaptation. Resiliency, simply defined, is the presence of
adequate social resources and coping strategies to allow the
family to successfully adapt to the added strain of disabil-
ity. In other words, the presence of positive family traits
may more than compensate for the presence of family
pathology in adaptation (Hastings and Taunt, 2002). This
is not to say that dysfunctional family systems play no role
in the etiology, maintenance, or exacerbation of child
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TABLE 30.1
SUMMARY OF BEHAVIORAL ASSESSMENT AND TREATMENT APPROACHES TO BEHAVIORAL
DISORDERS IN PEDIATRIC NEUROPSYCHIATRY

Assessment

Steps Approach Objectives

1. Behavioral interview Obtain information from patient, family, and other caregivers regarding 
frequency and severity of behavior problem, antecedents and consequences,
stimulus control, social skills, coping skills, cognitive style, and reinforcers.

2. Self-report and report by others Using standardized instruments and checklists, gather information about 
behavior problems and overall psychosocial functioning.

3. Direct observation Directly monitor and record parameters of behaviors, and related variables of 
interest (e.g., antecedents and consequences).

4. Functional assessment Manipulate environmental factors to determine functional relationships between
such factors and behavior.

5. Additional assessments Conduct additional assessments that may be etiologically important or have
implications for treatment selection and effectiveness (e.g., neuropsycho-
logical evaluation, neuroimaging studies).

Treatment

Behavioral Intervention Approaches Illustrative Strategies

Operant conditioning Positive reinforcement programs, contingency management, token economy, 
skills training, relaxation training

Classical conditioning Systematic desensitization, flooding, other counterconditioning
interventions

Cognitive approaches Cognitive therapy

75191_ch30.qxd  10/7/05  03:31  Page 696



psychopathology. On the contrary, a rich and growing
scientific literature is documenting such relationships and
evaluating effective treatments for children and their
families (Henggeler, Schoenwald, and Pickrel, 1995). But
current models of family adaptation to children with
disabilities in general and neuropsychiatric disorders in
particular, highlight the importance of mediating factors,
both positive and pathological, as critical determinants of
functioning. These variables shift in their relevance,
intensity, and influence, resulting in changes in family
responding over time. Adaptation, therefore, is best charac-
terized as a continuous process, rather than static, and an
interactive, reciprocal process rather than linear.

Although virtually all children with neuropsychiatric
disorders can be said to place strain on the family, the
manifestation of stressors will vary from child to child
depending upon the neuropsychiatric impairment. Numer-
ous features of the child’s disability have been implicated
in family adaptation, including functional limitations,
impact on language, externalizing symptoms, additional
time required to care for the child, depletion of tangible
resources, and disruptions in routine. Strain, in general, is
exacerbated by the lack of predictability that may accom-
pany certain neuropsychiatric disorders, such as epilepsy
and traumatic brain injury (Cohen, 1993; Franks, 2003).
This lack of predictability manifests as everyday, daily
hassles of living that are more important stressors than
intermittent negative life events in producing strain on the
family, as is the inability to establish and maintain daily
routines due to the fluctuating demands of the disability.

Family and social support are primary resiliency factors,
as they can buffer the impact of caring for a difficult-
to-manage child regardless of the type of neuropsychiatric
disability. A distinction is made between social support (in
which the family has someone on whom it can rely for
emotional and tangible assistance) and social network (the
number of contacts with others). Social support, or quality,
of interpersonal contacts, appears to be more important
than social network, or quantity, of contacts, for psycholog-
ical health (Perlesz, Kinsella, and Crowe, 1999), although
the two are clearly related. Respite care is an important re-
source for giving parents a break from caring for their child
as well as an opportunity to increase their social networks
and to build supportive relationships outside of profes-
sional care systems.

Families of children with disabilities often have limited
social networks as the result of the particular features of the
child’s disability. Others may not wish to associate with
them because of the stigma of neuropsychiatric disorders,
such as with seizures in epilepsy or the lowered cognitive
functioning in a child with developmental delay (Ellis,
Upton and Thompson, 2000; Melnyk, Feinstein, Molden-
houer, and Small, 2001). Both adults and children may
experience difficulties in relating to or being around
children that fail to reciprocate in social interactions; for ex-
ample, the child with autism. The child with ADHD may be

impulsive and behave with other children in such a way
that limits the ability to successfully make friends. Also,
curtailed mobility of the child (e.g. wheelchair reliant) may
limit access to social networks and more normative family
activities and interactions.

Adding to family stress is the realization that, even with
appropriate therapies and interventions, features of the dis-
ability may be present lifelong (Majovski, 2000; Perlesz, et
al., 1999). When parenting a child without disabilities, par-
ents recognize the time-limited nature of the child’s lack of
abilities, such as walking and talking. As children undergo
normal development, these stressors subside; as when a
child learns to walk, so increases the mobility of the family,
or when a child learns to use language to make requests,
relieving the parent of the responsibility of trying to ascer-
tain the needs of and speaking for the child. Conversely,
the families of children with neuropsychiatric disabilities
may anticipate a lifelong responsibility for a child with
restricted mobility or who lacks the cognitive functioning
to successfully use language to express basic needs.

Children with less physically impairing disabilities may
still place strain on the family in other ways. For example,
children with ADHD are, overall, more impaired in educa-
tional settings. They are more likely to be suspended or ex-
pelled from school, to underachieve academically, and to be
held back a grade than children without a disability. While
these traits create longterm challenges for the individual as
he or she moves into young adulthood, the family feels the
strain during the childhood years; parents may spend con-
siderable extra time in contact with school staff.

Other stressors in the family may also undermine adap-
tation. Financial hardship, family violence, inadequate
housing, and neighborhood violence further add to family
stress. Coping styles of individual family members and the
family unit as a whole moderate the impact of stress and fos-
ter resiliency. Parents with effective problem-solving skills
and optimistic cognitive styles are more likely to cope effec-
tively with adversity or the daily stressors of raising a
neuropsychiatrically impaired child. Families with limited
cognitive abilities or few psychosocial resources will be less
effective in coping with stressors (Sloper and Turner, 1993).

Family adaptation is also influenced by parental expecta-
tions and attributions. Excessively high expectations about
the child’s abilities, rigid beliefs about how children should
behave, and erroneous attributions of a child’s behavioral
dysfunction to purposeful intent erode the parent–child
relationship and contribute to family dysfunction. This effect
points to the need for parental education about the particu-
lar disability as an intervention to aid in the family’s
successful adaptation to and parenting of a child with a
developmental trajectory and pattern of behavior unique to
their particular disability (Schuntermann, 2002).

Family adaptation is affected by features of the
parent–child relationship. Failure of a child to establish a
secure attachment with caregivers will negatively affect
family adaptation. This is particularly challenging with
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neuropsychiatrically impaired children, such as those with
autism, who are less able to reciprocate in interpersonal re-
lationships thus resulting in less attachment. Temperamen-
tal mismatches between a parent and a child with a dis-
ability may also be implicated in family distress. Parental
premorbid functioning also contributes to family adapta-
tion. Family functioning can be negatively affected by
parental psychiatric disorder, particularly substance abuse
and other disorders that lead to family instability (e.g., psy-
choses).

As is the case with psychological and behavioral treat-
ment of children, family-based interventions should
emerge from a comprehensive assessment. Numerous mea-
sures are available that can be used to assess aspects of fam-
ily functioning (e.g., communication, rituals, relation-
ships), social support, parental psychiatric status, and
parents’ attitudes toward their children. From this assess-
ment, a range of intervention options can be constructed.
Some families will require greater community resources,
such as self-help groups or respite programs. Others will re-
quire extensive education about their child’s disorder or
will need instruction on child development and basic child
care. Still others will require more intensive therapeutic in-
tervention to remediate dysfunctional aspects of family in-
teractions and relationships, including help in facilitating
the adjustment of other children (without disabilities) in
the family. In certain cases, it will be desirable for the par-
ents to receive treatment for psychiatric disorders.

In order for behavioral interventions for children to be
successful, parents must be partners in implementing
these programs. Parent training involves instructing par-
ents in how to implement behavioral programs for their
children. Although parent training is essential for parents
with deficient parenting skills, it is typically provided to
all parents who are required to carry out behavioral inter-
ventions at home. An added therapeutic benefit of such
training is that it empowers parents and families to ac-
tively work toward the remediation of the child’s behav-
ioral problems. Parents are taught specific behavioral
skills (e.g., reinforcement, contingency contracting) to im-
prove child management, reduce reliance on physically
punitive strategies, and increase nurturing and relation-
ship-enhancing behaviors. Although several widely used
parent-training protocols exist (e.g., Baker, 1989), they all
share several features. First, they are highly structured and
didactic. Second, they involve the extensive use of in-
clinic training with at-home practice. And third, they use
behavioral training principles, including modeling of
skills by therapists, practice through  simulated role-play-
ing and/or in-clinic analogs, and feedback provided to
parents by therapists.

SUMMARY

The comprehensive treatment of neuropsychiatric disorders
in children requires an integrated approach that incorpo-

rates both psychological and somatic interventions. Assess-
ment involves measurement of social, emotional, behav-
ioral, cognitive, neurological, neurophysiological, and
other medical domains of functioning. Although a variety
of psychological interventions for behaviorally disturbed
children are available, recent meta-analyses have supported
the superior effectiveness of behavior therapy. Behavioral
strategies have special relevance for children with develop-
mental disabilities or neuropsychiatric impairments,
including those with significant cognitive limitations.

Core features of psychotherapy (e.g., establishing a
therapeutic alliance) must be altered to maximally benefit
children and adolescents with developmental disabilities
and neuropsychiatric disorders. Within the larger assess-
ment of clinical psychopathology and child functioning,
behavioral assessment is carried out to identify functional
relationships that serve to maintain or exacerbate behav-
ioral dysfunction. Interventions are developed on the ba-
sis of this assessment. Principles of learning are applied to
increase social and other skills and to decrease maladap-
tive behaviors. Ongoing observational assessment pro-
vides data regarding the effectiveness of the intervention
and guides needed alterations in the intervention. In gen-
eral, treatments pursued should be the least restrictive
possible and should incorporate interventions based on
positive reinforcement. Treatment necessarily requires
family participation, although some families will need ad-
ditional intervention. Families with few social and psy-
chological resources are those at greatest risk for mal-
adaptive responses to raising a neuropsychiatrically
impaired child.
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Brain injury or malfunctioning occurs all too frequently in
children and adolescents (Annegers, 1983; Frankowski, An-
negers, and Whitman, 1985; Langlois and Gotsch, 2001;
Moyes, 1980; Snow and Hooper, 1994). Two broad areas of
science—the biological and the behavioral—have con-
tributed substantially to our understanding of the causes and
sequelae of brain disorders. Research in the neurosciences
generally and in neuropsychiatry specifically has advanced
our knowledge of brain–nervous system–behavioral disor-
der linkages, while research in neuropsychology, psychol-
ogy, and education has enhanced our understanding of the
behavioral manifestations of neurological impairments and
of how environmental interventions can influence these
behaviors in an adaptive manner. According to Mrazek
and Haggerty (1994), there is an “increasing tendency within
the biological and behavioral sciences to appreciate the
complexity and interplay of genetic and environmental
interactions” (p. 498). This renewed appreciation reflects an
increased recognition of the environment’s vital role in in-
fluencing both brain functioning and the behavioral charac-
teristics associated with brain disorders.

In this chapter we discuss a number of themes and criti-
cal elements of emerging best practice in one domain of en-
vironmental influence, psychoeducational interventions.
Our purpose is not to describe in detail specific kinds of psy-
choeducational interventions; such detailed discussions can
be found elsewhere (e.g., Cohen, 1991; Eslinger, 2002;
Ewing-Cobbs, et al., 1986; Glang, et al., 1992; Semrud-
Clikeman, 2001; Snow and Hooper, 1994). Rather, our
intention is to present a framework that pediatric neuropsy-

chiatrists can use to ensure that appropriate educational in-
terventions are developed and implemented for children
and adolescents with neuropsychiatric disorders. More
specifically, it is our goal in this chapter to provide pediatric
neuropsychiatrists with information they can use to bridge
neuropsychiatric diagnoses with environmental interven-
tions that have a high probability of producing positive,
socially adaptive outcomes and to identify facilitators and
inhibitors for success of these environmental interventions.

The chapter is divided into six sections. In the first, we
briefly discuss the importance of both neurobehavioral
markers and behavioral characteristics of neuropsychiatric
disorders in children and adolescents and show how these
markers and characteristics can inform the use of appropri-
ate psychoeducational interventions. In the second section,
we describe several assessment and classification systems
used in psychology, special education, developmental dis-
abilities, and related interdisciplinary fields. These systems
are important because their purposes, functions, and meth-
ods differ from those of the system used almost exclusively
by professionals in the neuropsychiatric community, the
Diagnostic and Statistical Manual of Mental Disorders-Fourth
Edition-Text Revision (DSM-IV-TR) (American Psychiatric
Association, 2000). In the third section of this chapter, we
outline the characteristics of psychoeducational inter-
vention approaches best suited for children and adoles-
cents with neuropsychiatric disorders. These characteristics
are ones that collectively define emerging best practice in
terms of those psychoeducational interventions having 
the greatest potential to produce positive benefits. In the
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fourth section, we address the broader-based context of
physician–family–school relationships, including the cur-
rent call for adoption of family-centered approaches to
neurobehavioral problems. Family-centered interventions
have emerged as a philosophy and approach for ensuring
that family members are supported and meaningfully in-
volved in the diagnostic and care processes so that they in
turn can interact with their children in ways that support
the children’s behavioral and developmental progress. In
the final two brief sections intervention effectiveness re-
search is examined and a case example provided in which
the seven elements of psychoeducational interventions are
highlighted.

NEUROBEHAVIORAL MARKERS AND
PATTERNS OF BEHAVIOR IN CHILDREN
WITH BRAIN DISORDERS

Researchers in a number of basic science and applied
fields (e.g., early intervention, developmental disabilities, de-
velopmental pediatrics, developmental neuropsychology,
medicine, neuropsychiatry) have become increasingly inter-
ested in brain–behavior relationships and how those rela-
tionships influence behavioral and developmental outcomes
in children with brain disorders (e.g., Johnson, 1993).
Whereas neuropsychiatrists may focus on the particular
mechanisms that lead to brain disorders, including the defin-
ing characteristics of specific types and subtypes of psychiatric
or neurological conditions, psychoeducational intervention-
ists focus primarily on the behavioral consequences of brain
disorders and the environmental conditions best suited to
promoting adaptive functioning in individuals with such dis-
orders. Psychoeducational interventionists differentiate be-
tween the antecedents (i.e., risk markers) of specific kinds of
disabilities and the behavioral characteristics that represent
the consequences of these conditions. This distinction is an
important one, because it is the latter (i.e., the patterns of be-
havior associated with a disability or impairment) that are the
focus of psychoeducational interventions.

Risk Markers

Problems accompanying brain injury or malfunction are
often correlated with particular behavioral markers; that
is, specific risk factors associated with the onset, severity,
and patterns of particular neurodevelopmental problems
or behaviors. For example, the onset of pervasive devel-
opmental disorders, including autism and childhood
schizophrenia, is often preceded by signs such as unusual
eye movements. According to Mrazek and Haggerty
(1994), such signs mark, or identify the potential for, dif-
ferent kinds of problems or unfavorable outcomes. How-
ever, although for psychoeducational intervention a risk
marker may indicate the need for intervention, it may not
necessarily be the target of such intervention. Rather, as

indicated above, the consequences are the typical targets
of psychoeducational interventions.

Specific risk markers have been found to be associated
with both congenital and acquired brain injury and mal-
functioning. For example, young children who subse-
quently manifest developmental delays and disabilities are
often found to have had early disturbances in areas of self-
regulatory functioning related to sleep patterns, feeding, at-
tention/activity, arousal, sensory organization, coping with
environmental changes, and control of emotional behavior
(DeGangi, 1991; Neisworth, Bagnato, and Salvia, 1995).
Many of these self-regulatory problems are also found in
children who have been prenatally exposed to drugs, who
have sustained subtle brain insults prenatally or postna-
tally, who have difficult temperament styles, or who have
particular kinds of congenital syndromes (Bagnato and
Campbell, 1993; Coie, et al., 1993; Drotar and Strum,
1991; Yeates, Ris, Taylor, 2000). Acquired brain damage,
whether resulting from injury or disease, has been found to
be correlated with various kinds of risk markers that can be
used both in diagnosis and in decisions about the need for
intervention (Snow and Hooper, 1994).

From a psychoeducational perspective, the importance
of risk markers is rather straightforward. The presence of
markers known to be associated with brain-related prob-
lems signals the need for interventions to prevent or deter
the emergence of maladaptive functioning and to promote
and enhance adaptive behavior and competence (DeGangi,
1991). In general, the more risk markers present, the higher
the probability of adverse consequences and thus the
greater the need for intervention. For example, intrauterine
growth retardation is associated with as many as eight bio-
logical risk markers (Harel, et al., 1991) in addition to re-
lated physical and behavioral risk signs (Harel, et al.,
1993). Similarly, children who have experienced brain
trauma often manifest a number of symptoms and compli-
cations that collectively indicate the presence and severity
of brain damage and the need for intervention (Semrud-
Clikeman, 2001; Snow and Hooper, 1994).

Behavioral Characteristics and Templates

As previously noted, combinations of risk markers and other
neurobehavioral indicators are often used to diagnose brain
disorders. Emerging evidence reveals that many neurological
disorders are presaged by specific signs and markers, and that
certain disorders are associated with specific clusters of be-
havioral characteristics (Hertzig, 1983; Miller and Ramer,
1990; Rourke, et al., 2002; Thompson, 1989; Whitney and
Thoman, 1993). Although individuals with different disor-
ders often manifest similar behavioral characteristics, it is
nonetheless possible to construct neurobehavioral templates
that can be used to differentiate disorders with similar pre-
sentations, to select the optimal targets and approaches for
psychoeducational interventions, and to anticipate the
emergence of intervention targets over the developmental
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period. For example, Table 31.1 shows behavioral character-
istics associated with four different brain disorders. Delin-
eating such disorder-specific neurobehavioral characteristics
is an important prerequisite to identifying and differentiat-
ing the antecedents from the consequences of the disorder
(as previously emphasized, it is the latter that become the
targets of psychoeducational interventions).
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TABLE 31.1
PATTERNS OF BEHAVIOR ASSOCIATED WITH
SELECTED BRAIN DISORDERS

Fragile X Syndrome

Deficits in social play skills
Gaze avoidance
Repetitive motor behaviors
Social communication deficits
Hyperactivity/attention deficits
Object mouthing
Excessive tantrums
Self-injury
Hyperreactivity to new events

Autistic Spectrum Disorder

Absence of pretend play
Imitative deficits
Sensory hypersensitivities
Poor adjustment to change
Disorganized play
Hyperactivity
Self-stimulation
Social communication deficits

Rett Syndrome

Normal development for first 6 months
Head-growth decline
Loss of purposeful hand skills
Decline of neuromotor, language skills
Stereotyped midline hand movements: 

wringing/squeezing/clapping/tapping/mouthing/washing/
rubbing

Breath holding
Teeth grinding
Facial tics
Torso tremors
Seizures/staring

Early Brain Injuries

Neuromotor deficits
Sensory and affective hypersensitivities
Response latencies
Social communication deficits
Motor planning problems
Disorganized play routines
Low physical endurance
Poor goal-directed behavior
Attention and memory deficits
Easy frustration
Variable alertness and awareness

Both researchers and practitioners have found early
identification and specification of the behavioral clusters
associated with particular brain disorders to be helpful in
detecting problems, and designing and evaluating psy-
choeducational interventions (Bagnato and Neisworth,
1999a; Baumgardner, et al., 1995; Miller and Ramer 1990;
Neisworth, et al., 1995; Rourke, et al., 2002). For example,
among older individuals (8� years to adult) with fragile X
syndrome (Baumgardner, et al., 1995), researchers have
identified a cluster of neurobehavioral characteristics—
hyperactivity, stereotyped and self-injurious behavior, in-
appropriate speech, and coping difficulties—that have
been used as the targets of psychoeducational interven-
tions. Such behavioral templates can help practitioners to
recognize behaviors that could be responsive to interven-
tion. Also, the Temperament and Atypical Behavior Scale
(TABS) (Neisworth, et al., 1999) uses an authentic assess-
ment approach and parent–professional observations to
identify clusters of related concerns which detect types of
self-regulatory behavior problems in young children. The
TABS identifies atypical aspects of temperament and self-
control, and evidence-based interventions in four major
behavior clusters: Detached; Hypersensitive/Active; Under-
reactive; and Dysregulated. The TABS is endorsed by the
American Academy of Pediatrics for use by pediatricians in
the early identification of behavior problems in infants,
toddlers, and preschoolers. Several assessment systems use-
ful for identifying intervention targets are briefly described
in the following section.

FUNCTIONAL ASSESSMENT AND
CLASSIFICATION SYSTEMS

Professionals who work with children and adolescents with
or at risk for neurodevelopmental disorders often employ
functional approaches to assessment that directly link as-
sessment with intervention practices. The term “func-
tional” is used in this chapter to refer to the ability to per-
form various functions within the context of real life
situations. Functional assessment and classification sys-
tems are especially useful from a psychoeducational per-
spective because they rely on methods that directly lead to
the selection of intervention targets and approaches. Such
systems are used to ascertain specific capabilities of chil-
dren and adolescents rather than global indices such as be-
havioral traits, intelligence, or personality, because it is
these capabilities that constitute the targets of psychoedu-
cational interventions.

Functional approaches to assessment and classification
often used with children and adolescents with brain disor-
ders include the International Classification of Functioning, Dis-
ability and Health (ICF) (World Health Organization, 2001);
the Adaptive Behavior Assessment System-Second Edition
(ABAS-II) (Harrison & Oakland, 2003) that closely aligns
with the American Association on Mental Retardation classi-
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fication system (American Association on Mental Retarda-
tion, 2002); Functioning After Brain Injury (FABI) (Smith, et
al., 2004), and the System to Plan Early Childhood Services
(SPECS) (Bagnato & Neisworth, 1990). Each of these sys-
tems includes methods for ascertaining the presence and
severity of neurodevelopmental disorders. More impor-
tantly, each system assists in identifying intervention targets
and approaches for effecting behavioral and developmental
change. That is, because these assessment systems emphasize
identification of the behavioral consequences of disorders
and disabilities, they contribute to decisions and practices
that can be used to strengthen existing competencies and to
promote acquisition of new, adaptive capabilities.

International Classification of Functioning,
Disability, and Health (ICF)

The International Classification of Impairments, Disabilities,
and Handicaps (ICIDH) (World Health Organization,
1980) was originally created to emphasize behaviors
associated with specific disorders and the behavior–
environment relationships that account for variations in
behavioral functioning. More specifically, the ICIDH as-
sessed (1) how diseases, injuries, and disorders result in
impairments in behavioral functioning; (2) how these im-
pairments translate into disabilities in terms of incapacity
to perform specific activities; and (3) how both impair-
ments and disabilities influence outcome in terms of im-
peding the affected individual’s access to social, economic,
and other opportunities. Complimentary to the ICD-10th
Revision (World Health Organization, 1992) and part of the
World Health Organization Family of International Classi-
fications (WHO-FIC), the ICF (World Health Organization,
2001) has replaced the ICIDH. The ICF is designed to de-
scribe how health conditions impact individuals’ lives. It
covers a variety of domains within each of four compo-
nents: body functions and structures, activities and partici-
pation, environmental factors, and personal factors. A
domain “is a practical and meaningful set of related physi-
ological functions, anatomical structures, actions, tasks, or
areas of life” (World Health Organization, 2001, p. 3). The
first component covers mental functions and body struc-
tures and includes domains such as mental functions and
the nervous system. This first component is used to de-
scribe changes to the individual as a result of disease or in-
jury. The next two components (activities and participa-
tion; environmental factors) are most relevant to setting
functional goals for psychoeducational interventions and
examining environmental facilitators or inhibitors to their
success. The activities and participation domains are learn-
ing and applying knowledge; general tasks and demands;
communication; mobility; self-care; domestic life; interper-
sonal interactions and relationships; major life areas; and
community, social and civic life. The environmental do-
mains, organized from the individual’s most proximal
environment to the most global, are products and technol-

ogy; natural environment and human-made changes to en-
vironment; support and relationship; attitudes; and ser-
vices, systems and policies. The last component, personal
factors, includes internal influences not part of the health
condition such as gender, habits, and past life events. Per-
sonal factors, however, are not coded in the ICF.

The system allows professionals to determine and clas-
sify the severity of an individual’s behavioral problems in
functional terms and to grade the impact of those problems
on the individual’s performance and social integration.
Also, there is a strong focus on individual and environ-
mental strengths that facilitate successful adaptation. The
ICF includes methods for assessing behavioral changes re-
sulting from interventions and for evaluating the potential
for recovery in several neurodevelopmental domains of
functioning.

Adaptive Behavior Assessment 
System-Second Edition

The Adaptive Behavior Assessment System-Second Edition
(ABAS-II) (Harrison and Oakland, 2003) is a norm-
referenced, cross-informant assessment system that closely
aligns with the 10 adaptive skills areas specified by the
Diagnostic and Statistical Manual of Mental Disorders-Fourth
Edition-Text Revision (DSM-IV-TR) (American Psychiatric As-
sociation, 2000) and the current guidelines for the diagnosis
of mental retardation from the recently revised Mental
Retardation: Definition, Classification, and Systems of Support-
Tenth Edition (American Association on Mental Retardation
(AAMR), 2002). The skill areas assessed using the teacher
and parent forms of the ABAS-II are communication, com-
munity use, functional preacademics, school/home living,
health and safety, leisure, self-care, self-direction, social, and
work. For younger children, motor skills replaces work skills.
Difficulties identified in each area represent functional goals
for psychoeducational intervention.

The ABAS-II also assesses the three clusters of adaptive
skills identified by the American Association on Mental Re-
tardation (2002) for the diagnosis of mental retardation.
Historically, the AAMR emphasized assessment of intellec-
tual functioning and two aspects of adaptive skills: per-
sonal independence and social responsibility (Harrison
and Oakland, 2003). These aspects of adaptive skills have
been revised by the AAMR to cover conceptual (money con-
cepts and academic skills), social (responsibility and social
competence), and practical (activities of daily living and
occupational skills) adaptive skills. The skill areas mea-
sured by the ABAS-II can be organized into these three gen-
eral aspects of adaptive functioning. This organization is
important to plan and monitor psychoeducational inter-
ventions, as well as to make the diagnosis of mental retar-
dation. Currently, according to AAMR, two criteria are used
for making a diagnosis of mental retardation: the individ-
ual must concurrently demonstrate significant limitations
in intellectual functioning and in adaptive behavior as
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expressed in conceptual, social, and practical adaptive
skills. More importantly, because intellectual and adaptive
strengths and weaknesses are assessed for the individual in
the context of specific community and cultural environ-
ments, such assessment can lead directly to identification
of the kinds of individualized supports, educational inter-
ventions, and instructional practices that are needed to pro-
mote a child’s competence.

Functioning after Brain Injury

The Functioning After Brain Injury (FABI) (Smith, et al.,
2004) is a clinical performance measure for traumatic and
nontraumatic pediatric brain injury, suited for both inpa-
tient and home aftercare settings. It was designed to align
closely with the International Classification of Functioning,
Disability and Health (ICF) (World Health Organization,
2001). The FABI is the successor to the Pediatric Evaluation
of Disabilities Inventory (PEDI), a standardized, norm-refer-
enced instrument designed to provide a functional ap-
praisal of the capabilities of young children with sensory,
neuromotor, brain-related, and other types of develop-
mental problems (Haley, et al., 1992). The FABI allows as-
sessment of the following major domains: Physical Activi-
ties, Cognitive/Behavioral Activities, and Readiness for
Community Functioning. Each domain has several dimen-
sions. The scales are designed to identify intervention tar-
gets and assess behavioral outcomes from treatment as well
as other important predictors. First, the system uses an al-
gorithm to predict expected levels of functioning at
discharge based on a combination of injury-related and
personal factors (comparable to the ICF). Second, it was de-
vised to be amenable to correlational study with biochem-
ical markers of severity to determine signs closely indicative
of brain recovery.

System to Plan Early Childhood Services
(SPECS)

The SPECS employs collaborative team assessment and a
decision-making format that links assessment information
directly with intervention targets and approaches (Bagnato
and Neisworth, 1990). This system is designed for use with
young children between 2 and 6 years of age, who have, or
who are at risk for, developmental delays or disabilities.
This functional assessment system integrates data from
multiple sources and settings across occasions and instru-
ments to enable a team of parents and professionals to pro-
file a child’s needs in 19 functional domains. It also
includes procedures that lead to consensus about the sever-
ity of neurodevelopmental problems. Additionally, the
SPECS generates information that aids in decision making
about appropriate intervention modes and team collabora-
tion regarding the specific details of an intervention plan,
including the intensities of intervention, in the following
behavioral and developmental areas: early education,

adaptive needs, behavior therapy, speech/language ther-
apy, physical therapy, occupational therapy, vision and
hearing services, medical services, and transition services.

Although these four approaches differ in their purposes
and methods of assessment and classification, they share
several common features: (1) they emphasize the identifi-
cation of behaviors that establish the presence of a disorder
or disability; (2) they specify those aspects of behavior that
become the focus of psychoeducational interventions; (3)
they inform practice in terms of influencing which proce-
dures, methods, and supports will be used to effect change
in positive, socially adaptive functioning; and (4) they pro-
vide a repeatable metric for assessing outcomes of psy-
choeducational interventions.

KEY ELEMENTS OF
PSYCHOEDUCATIONAL INTERVENTIONS

Children and adolescents with congenital or acquired brain
disorders are most likely to benefit from psychoeducational
interventions that are characterized by an integrated func-
tional approach to promoting adaptive capabilities (i.e., em-
phasize the acquisition of practical life skills in the context of
daily living) (Bagnato and Mayes, 1986; Bagnato and Neis-
worth, 1985). Such intervention strategies differ from tradi-
tional educational approaches, in which various school
personnel (e.g., regular and special education teachers,
speech/language therapists, occupational and physical ther-
apists, nurses) tend to perform their respective functions in
an isolated, nonintegrative manner. The importance of an
integrated approach derives from the fact that interventions
are more likely to be functional and implemented consistently
across settings and people when they are implemented col-
laboratively (Anderson, et al., 1993). An integrated interven-
tion approach is especially important for working with two
special populations: (1) children with congenital brain dis-
orders, who need a range of interventions in order to receive
optimal benefit; and (2) children and adolescents reentering
school after traumatic brain injury, who require creative,
flexible, individualized, and ever-changing psychoeduca-
tional interventions to help them navigate this difficult pro-
cess (Ylvisaker, Feeney, Maher-Maxwell, et al., 1995;
Ylvisaker, Feeney, & Mullins, 1995).

Psychoeducational intervention approaches are charac-
terized by the following seven principles and elements:
(1) functional intervention goals, (2) a developmental per-
spective on change, (3) functional assessment/intervention
linkages, (4) functional instructional strategies, (5) func-
tional contexts and settings, (6) integrated support services,
and (7) collaborative teamwork. Collectively, intervention
practices characterized by these features increase the likeli-
hood that psychoeducational interventions will have opti-
mal benefits (see Bagnato and Mayes, 1986; Bagnato and
Neisworth, 1985, 1999b; Dunst, 2002; Dunst, et al., 2002;
Neel and Billingsley, 1989; Wellman, 2001).
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Functional Goals

According to Wolery (1989), functional intervention goals
are those that (1) are immediately useful, (2) enable a child
to be as independent as possible, (3) allow the child to learn
other, more complex skills, (4) allow the child to function
in the least restrictive environment possible, and (5) enable
family members and others to more easily care for the child.
Neel and Billingsley (1989) have similarly noted that func-
tional goals are ones that permit a child to have greater con-
trol over environmental events and consequences.

White (1980) made a useful differentiation between be-
havioral form and behavioral function that has important
implications for developing psychoeducational goals: form
refers to the observable behavior to be taught, whereas
function refers to the effect of the behavior on the child’s so-
cial and nonsocial environments. According to Wolery
(1996), “for some goals, the form (behavior) is important,
as in the case of self-feeding; for other goals, the effect is
more important, as in the case of initiating social interac-
tions with peers or requesting a drink” (p. 505).

Generally, functional instructional goals are ones that
specify observable and purposeful behaviors across many
major developmental domains or behavioral areas: cogni-
tion, preacademic/academic, motor, language, social com-
munication, and self-regulatory behavior. For example, the
goal of getting across the room with decreasing reliance on
others might be an appropriate one for helping an individ-
ual in a wheelchair to increase his or her independence,
whereas the goals of communicating personal needs and
initiating social interactions might be appropriate for help-
ing a child acquire better communication skills.

Developmental Perspective

A developmental perspective of psychoeducational inter-
ventions maintains that the form and function of behavior
change across time. Such change is, in part, a result of the
reinforcing consequences of an individual’s acquisition of
socially adaptive competencies (Dunst and McWilliam,
1988). In contrast with adults, children have not mastered
fundamental developmental milestones of normal devel-
opment. So, as the child recovers competencies lost due to
a disability the child must concurrently achieve normal de-
velopmental competencies making for additional chal-
lenges that must be considered for intervention planning
(Dennis, 2000; Thomson and Kerns, 2000). Accordingly,
the goals of psychoeducational interventions must be or-
dered (sequenced) and promoted in a manner that permits
progressively more complex socially adaptive capabilities
to be acquired over time as well as meet the vicissitudes of
development, thus enabling a child to become involved in
or to reenter a variety of environments. Consequently, psy-
choeducational interventions are most likely to be effective
if they have sequential functional goals, link the child’s as-
sessed capabilities with these goals and methods, include

procedures for monitoring improvement as a function of
intervention type, and modify strategies and practices in re-
sponse to behavioral and developmental change in the
child (Bagnato and Campbell, 1993; Bagnato and Mayes,
1986; Bagnato and Neisworth, 1985; Dennis, 2000).

Assessment/Intervention Linkages

A functional approach to assessment and intervention di-
rectly links assessment information with the selection of in-
tervention plans and instructional goals and practices. That
is, the information obtained by gathering assessment data
leads to a better appreciation of the environmental condi-
tions, situations, and contexts that will optimize the so-
cially adaptive benefits resulting from psychoeducational
interventions (Miller, Tansy, and Hughes, 1998). Unlike
traditional assessment methods, which tend to focus on a
child’s level of functioning in terms of an intelligence (IQ)
or social quotient (SQ) or some other global index, func-
tional assessment methods examine the form and function
of behavior across and within settings and environments,
with particular emphasis on the environmental conditions
associated with variations in behavioral form and function.
For example, the SPECS (Bagnato and Neisworth, 1990)
pools assessment information from multiple informants
(e.g., parents, teachers, therapists) to reach a consensus
about a child’s capabilities, determines intervention needs
and selects appropriate priorities, and monitors progress
toward desired goals. The approach to functional behav-
ioral assessment for individuals with disabilities by Miller
et al. (1998) employs a similar approach of directly linking
eight domains of functioning (affective regulation/
emotional reactivity, cognitive distortion, reinforcement,
modeling, family issues, physiological/constitutional,
communicate need, and curriculum/instruction) with in-
structional goals and methods.

Functional Instructional Strategies

According to Neel and Billingsley (1989), “increasing con-
trol over the environment is the major goal of instruction”
(p. 15). The achievement of this goal draws upon a number
of different methods and procedures for promoting a
child’s acquisition of socially adaptive competence. Al-
though functional instructional strategies may deploy any
number of different intervention practices, all share one
feature: they contribute to change in the form and function
of socially adaptive capabilities as a result of the experi-
ences and opportunities afforded the child (McClean, Wol-
ery, & Bailey, 2003).

Wolery (1996) has described a useful framework for
examining how differences in the form and function of a
child’s behavior might lead to different intervention ap-
proaches. For example, when behavioral form is adequate
but function is limited (e.g., a child has a rich topography
of gestures but does not use them for communicative
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purposes), the emphasis of instruction would be to “teach
new functions using existing forms and promote mainte-
nance of existing functions” (Wolery, 1996, p. 506). In con-
trast, when behavioral function is multiple but form is lim-
ited (e.g., a child uses only hand gestures to communicate
a variety of needs, desires, and wishes), the focus would be
to “teach new forms for existing functions and promote
maintenance of existing forms” (Woolery, 1996, p. 506). It
should be readily apparent from these examples that a
child cannot be fitted to one instructional method; on the
contrary, instructional practices must fit and match the
child’s unique learning needs.

Although the term instruction has generally been used to
refer to techniques employed by a teacher or therapist to
teach a child specific behavioral goals and objectives, the
term in a broader sense refers to any practices that contribute
to changes in the form or function of a child’s socially adap-
tive capabilities. Such practices include direct teaching,
responsive teaching, programmed instruction, making avail-
able materials that evoke desired behavior, scheduling activ-
ities in ways that increase behavioral responding, arranging
the environment so that it facilitates adaptive behavior, and
providing access to different environmental settings and
conditions, all of which, either individually or in combina-
tion, can be used to promote and enhance behavioral com-
petence and developmental change.

Regardless of the particular methods employed, effective
psychoeducational interventions share certain key features
(Wolery 1996):

1. Promote student participation in classroom activities
and routines, as well as independence and mastery of
the environment.

2. Address functional goals many times throughout the
student’s day.

3. Address as many goals as possible within the same ac-
tivities and routines.

4. Use a functional goal-by-activity/routine framework
(matrix) to determine which goals can be addressed in
which activities and routines.

5. Adapt the student’s activities and routines as necessary to
promote acquisition of identified goals and behaviors.

6. Monitor (i.e., evaluate) the effects of the instructional
practices used to achieve identified goals/outcomes so
that appropriate changes and/or modifications can be
made as needed.

Instructional practices that adhere to these guidelines are
more likely to produce desired effects and developmental
changes in both the form and the function of behavior.
When deciding among instructional practices that equally
meet Wolery’s (1996) criteria, Brown, Odom, and Conroy
(2001) recommend that the most appropriate interventions
are ones that are (1) effective for children with similar mark-
ers or behaviors (i.e., evidence-based); (2) efficient (i.e., least
demanding on service providers); and (3) normalized (i.e.,
authentic and naturalistic to the individual’s environment)

Functional Settings and Contexts

Because of the importance of the environments in which
children and adolescents must learn to function adap-
tively and independently, instructional settings and con-
texts deserve to be considered as a separate element of
psychoeducational interventions (Neel and Billingsley,
1989; Wolery, Bashers, and Neitzel, 2002). Functional in-
structional practices are ones in which instruction occurs
in the settings and contexts that a child directly experi-
ences in daily living. That is, functional instruction must
occur in environments that have meaning to the child,
not in isolated or contrived locations that bear no resem-
blance to real life settings (Ware, 1990). This principle is
especially relevant for instructional support services,
which we describe next.

Integrated Instructional Support Services

Instructional support services, including sensory, communi-
cation, and neuromotor therapies, for children with
neurological or other developmental disorders have tradi-
tionally been provided in a pull-out fashion. For example,
physical therapy for a child with cerebral palsy may be of-
fered once weekly in a 45-minute session in a school build-
ing therapy room or a hospital-based clinic. These kinds of
pull-out services, however, are costly, and their effectiveness
is as yet undetermined. Moreover, these approaches often
disrupt one of the most important predictors of a child’s
learning potential: time on task (i.e., engagement in func-
tional learning activities/environments) (Greenwood, 1991;
McWilliam and Bailey, 1992; Rosenshine, 1978). Finally, be-
cause they occur apart from classroom routines, pull-out ser-
vices do not address generalization of specific functional
skills (e.g., Cole, et al., 1989; Giangreco, 1986, 2000).

Instructional support services include communication,
speech/language, physical, occupational, and other kinds of
therapies and supportive interventions (e.g., adaptive equip-
ment and augmentative devices) (Ried, et al., 1995) that are
used integratively and that adhere to the previously identi-
fied key features of functional instructional strategies. Thus,
psychoeducational and support service personnel must com-
municate and work together on an ongoing basis if this kind
of integration is to become a reality (Weist, et al., 2003).

Collaborative Teamwork

The likelihood that these first six key elements of psy-
choeducational interventions will be operationalized in a
consistent fashion is increased considerably if collabora-
tive teams are used to identify functional goals and set-
tings and to implement instructional practices (see Bag-
nato and Mayes, 1986; Bagnato and Neisworth, 1985,
1999b; Campbell, 1987; Miller, et al., 1998; Walther-
Thomas, Korinek, and McLaughlin, 1999; West and Can-
non, 1988). Appropriate team members include school
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personnel, other professionals working with the child and
his or her family (e.g., neuropsychiatrists), the child’s par-
ents, and, when appropriate, the child himself or herself.
Collaborative teamwork encourages consensus decision
making, flexible judgments regarding the child’s capabili-
ties, and identification of the most creative and appropri-
ate ways to deliver services. Further, Walther-Thomas and
colleagues (1999) identified the features supportive of
collaboration including shared leadership, family involve-
ment, cohesive school vision, comprehensive program
planning, provision of adequate resources, sustained im-
plementation, and ongoing performance evaluation and
improvement. In order for collaborative team efforts to
work and the identified functional goals to be attained,
team members must be flexible and define their roles in
terms of what is best for the child. In many instances,
achieving the necessary flexibility may require staff mem-
bers to function in a consultative rather than a direct ser-
vice capacity and to use a transdisciplinary team model in
which all team members integrate their knowledge and
expertise into a more functional instructional approach
(Campbell 1987; West and Cannon, 1988). These prop-
erly distributed professional responsibilities allow for op-
portunities for all team members to contribute to the
well-being of the individual and to have ownership in the
process of treating children with disabilities (Walther-
Thomas, et al., 1999).

All of these key components of psychoeducational in-
terventions are implemented in the context of broader
based environmental influences, several of which we de-
scribe next.

PHYSICIAN–FAMILY–SCHOOL
RELATIONSHIPS

Building strong physician–family–school relationships can
be accomplished by bringing together the knowledge, com-
petence, and expertise needed to inform psychoeducational
practices and to ensure that other needed supports and re-
sources are available to children and adolescents with brain
disorders. According to ecological theory (Bronfenbrenner,
1979, 1992), different settings (e.g., hospital, school,
home) and people within these settings are characterized
by different degrees of linkages and levels of reciprocal re-
lationships, respectively. In settings in which relationships
(linkages) are strong, information sharing and collabora-
tion among participants are more likely to occur in ways
that serve supportive functions. For example, parents’
knowledge and understanding of their child can help in-
form both neuropsychiatric and psychoeducational prac-
tices; neuropsychiatric expertise can inform psychoeduca-
tional practice and vice versa; and both neuropsychiatric
and psychoeducational knowledge and expertise can be
supportive of parents’ efforts to care for their child with a
brain disorder.

Two emerging systems practices (described below)
hold special promise for forging and strengthening
physician–family–school relationships. The first of these,
school-based health clinics/school-linked services, specifi-
cally aim to promote integration of educational, medical,
mental health, therapeutic, and other kinds of services and
supports. Such integration has the explicit purpose of
bringing important resources to bear on the development
and implementation of interventions for children with
brain-related and other kinds of developmental disabili-
ties. The second of these promising practices is family-
centered interventions, which specifically aim to promote
the flow of different kinds of resources in ways that
strengthen the family. Such systems interventions are
premised on a new larger body of evidence indicating that
social-support networks involving reciprocal transactions
among network members are associated with positive
effects in multiple areas of child, parent, and family func-
tioning (Dunst, Trivette, and Jodry, 1997).

School-Based Collaboration

The basic argument for instituting school-based collabora-
tion is that it will result in increased access to treatment.
School-based collaboration offers promise in bridging the
gap between service need and service utilization (Am-
bruster and Lichtman, 1999). Hacker and Wessel (1998)
list seven qualities critical for effective school-based collab-
oration: (1) clarification of roles and redefinition regarding
integration and collaboration, (2) strong leadership, (3)
emphasis on shared ownership of the program, (4) train-
ing, (5) continued education, (6) creative compromise,
and (7) mutual respect and support.

Several innovative service-delivery projects have recently
been instituted to facilitate school-based collaboration
among medical, educational, and mental health profes-
sionals. An example of school-based collaboration is
HealthyCHILD (Collaborative Health Interventions for
Learners With Differences) (Bagnato, 1999; Bagnato, et al.,
2004), a school-linked developmental health care service
serving young children (0 to 8 years) with chronic health
conditions, neurodevelopmental disabilities, or behavioral
health (e.g., self-regulatory behavior) problems and their
families in public school settings.

The predominant mission of HealthyCHILD is to plan, de-
liver, and monitor the impact and outcomes of a transagency
model for providing developmental health care resources
and support in naturalistic school or agency environments
such as early childhood classrooms and family child care
settings. In the context of these naturalistic environments,
resources and support are provided to teachers, parents, and
their children with developmental delays/disabilities,
chronic medical conditions, and challenging behaviors (e.g.,
extremes in temperament and problems in social and self-
regulatory behaviors). This program began as a collaborative
effort involving a major children’s hospital, an urban public
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school system, a university-based psychiatric facility, a county
mental health department, and a number of primary care
pediatricians and family practitioners. HealthyCHILD uses a
mobile, transdisciplinary team composed of a teacher, a psy-
chologist, and a pediatric nurse practitioner, with consulta-
tion from a developmental pediatrician, who collectively
provide direct support to children, parents, and teachers, and
programmatic consultation and mentoring to personnel
in public school settings, Head Start programs, early inter-
vention programs, and early care and education centers. A
developmental health care plan serves as the protocol for gen-
erating consensus goals by the family, teachers, and allied
health professionals and for forging supportive linkages be-
tween the primary care pediatrician and the school staff. For
example, the nurse, psychologist, teacher, and parent collab-
orate to produce individualized interventions for delivering
health care services on-site in the classroom setting for chil-
dren with asthma, diabetes, seizure disorders, and various
neurodevelopmental disabilities including fragile X syn-
drome, Autism Spectrum Disorder, and Traumatic Brain
Injury. The interventions target jointly the medical and de-
velopmental conditions and the impact on the functional
early learning needs of such children, as well as the priorities
of the families.

The HealthyCHILD model demonstration program
research was funded originally by federal and foundation
research grants from the U.S. Department of Education, Of-
fice of Special Education and Rehabilitative Services
(OSERS), School-Linked Services for Better Outcomes com-
petition, (1994 to 1998, PR award HO23D40013) and the
Jewish Healthcare Foundation of Pittsburgh (1995 to
1997). The evidence-based practices for the HealthyCHILD
model were established during this phase (Bagnato, 1999)
and undergo current research and refinements with each
new interagency contractual venture beyond the original
research phase.

Currently, HealthyCHILD is administered by the Early
Childhood Partnerships program of Children’s Hospital
of Pittsburgh and the UCLID Center at the University of
Pittsburgh and is directed by one of the the authors, S. J.
Bagnato, with a full-time transagency coordinator. It has
evolved into a school-linked or agency-linked develop-
mental health care consultation venture funded by con-
tracts with school districts, early intervention programs,
and Head Start grantees across Pennsylvania and in West
Virginia. Currently, HealthyCHILD employs one full-
time nurse, three psychologists, 12 full-time develop-
mental health care consultants, and one full-time intera-
gency liaison to coordinate and deliver collaborative
support services to nearly 4,000 children and families
and over 300 teachers and staff under six interagency
contracts. Bagnato (2001) studied the service quality and
behavioral outcomes for children served under the
HealthyCHILD model during the 2000 to 2001 school
year. Results indicated that service providers showed
significant increases in their skill level to work with

children with medical and behavioral difficulties, in-
creases in the level of support they were provided
through the model, and increased opportunity to team
with professionals from multiple disciplines in the ser-
vice of the children. Children served under the Healthy-
CHILD model showed significantly increased social skill
acquisition and decreased behavior problems (Bagnato,
2001).

In another example of a school-based collaborative
project, Costello-Wells and colleagues (2003) developed a
multisite, school-based mental health center called Inte-
Care. The focus of the Indianapolis coalition of four men-
tal health clinics is building on the strengths of the family
by allowing them to search for expectations and discover
their own possibilities. This approach is in contrast to fo-
cusing on the weaknesses that tend to overwhelm indi-
viduals, families, and service providers. In this program,
the psychiatrist conducted initial evaluations; led clinical
staffings with psychologists, nurses, and therapists; re-
viewed treatment plans; prescribed medication; and
reevaluated clients progress quarterly. Qualitative data
from the study found that school-based collaboration re-
sulted in greater parental involvement in school and their
children’s education, less reports of problematic behav-
iors, lower incidence of children running out of medicine,
improved support for personnel, and family reports of
feeling more comfortable with receiving treatment from
the school rather then services in a traditional outpatient
setting.

Family-Centered Care

Although historically the idea of family-centered care can be
traced to the early 1960s, its potential value was more re-
cently articulated in 1987 by then-Surgeon General C. Ev-
erett Koop at a conference jointly sponsored by the American
Academy of Pediatrics and the U.S. Department of Health
and Human Services. In the report of the proceedings of this
conference (Koop, 1987), Dr. Koop described new ways to
improve both access to health care and related services and
the quality of life of children with special healthcare needs.
The contents of this report in part formed the basis for a new
approach to delivering health care, education, and early in-
tervention services to children and adolescents with medi-
cally related and other developmental problems, one based
in the community and centered on families.

An emphasis on a family-centered approach to service
delivery has emerged in the federal special education law
Individuals With Disabilities Education Act (IDEA, 1997) (see
Chapter 32). Many children served by the neuropsychiatrist
will be covered under IDEA since medical conditions and
traumatic brain injury are qualifying conditions. In IDEA,
professionals are expected to recognize the family’s exper-
tise, guide and facilitate the family’s understanding of and
adherence to IDEA, and provide family training (Miller &
Gallagher, 1997).
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Dunst (2002) has defined family-centered care as: beliefs
and practices that treat families with dignity and respect;
individualized, flexible, and responsive practices; informa-
tion sharing so that families can make informed decisions;
family choice regarding any number of aspects of program
practices and intervention options; parent–professional
collaboration and partnerships as a context for family-
program relations; and the provision and mobilization of
resources and supports necessary for families to care for and
rear their children in ways that produce optimal child, par-
ent, and family outcomes (p. 139)

Shelton and colleagues (Shelton, 1999; Shelton and
Stepanek, 1994; Shelton, Jeppson, and Johnson, 1987) de-
veloped eight elements of family-centered care that opera-
tionalize a philosophy of care for use in day-to-day prac-
tices across a variety of programs, settings, and situations
(see Table 31.2). Both individually and collectively, inter-
vention strategies that incorporate these elements of care
increase the probability that other kinds of interventions
(e.g., neuropsychiatric and psychoeducational) will have
value-added benefits; that is, outcomes produced beyond
those attributable to more traditional clinical practices.

Dunst and colleagues (Dunst and Trivette, 1996;
Dunst, et al., 2002), for example, summarize evidence in-
dicating that professional helpgiving practices that foster
family choice and decision making and the active in-
volvement of parents in helping relationships produce
better outcomes, compared with traditional clinical prac-
tices. This result seems to be the case because family-
centered care brings to bear supports and resources from
many sources to flexibly and responsively deliver an array
of individualized services to children and adolescents and
their families. Unfortunately, family-centeredness has

only taken hold in early childhood intervention programs
and has yet to extend into elementary and secondary set-
tings (Dunst, 2002).

EFFECTIVENESS OF
PSYCHOEDUCATIONAL AND 
SYSTEMS INTERVENTION

The methods typically used to ascertain the effectiveness of
psychoeducational interventions are quite different from
those used by medical researchers (i.e., double-blind clini-
cal trials). Psychoeducational evaluation methods include
studies that contrast different interventions designed to
produce similar effects, compare different features of the
same intervention, and examine those conditions of spe-
cific interventions that produce desired effects, as well as
the processes that contribute to the implementation of in-
tervention practices as planned and intended (Eslinger &
Oliveri, 2002). Studies of this kind were cited throughout
earlier sections of this chapter.

Studies examining the effectiveness of psychoeduca-
tional interventions in children with disabilities or those at
risk for poor outcomes and their families currently focus on
questions of the following sort: To what extent do specific
aspects of interventions have similar or different effects on
children and families differing according to child or family
characteristics, or both? These second generation studies
differ from first generation studies, which were concerned
with questions about efficacy (e.g., did the intervention
work?). This shift has occurred because second generation
but not first generation research directly informs practice in
the ways described in this chapter. Thus, if we know which
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TABLE 31.2
KEY ELEMENTS OF FAMILY-CENTERED CARE

• Incorporate into policy and practice the recognition that the family is the constant in a child’s life, while the service systems and support
personnel within those systems fluctuate

• Facilitate family/professional collaboration at all levels of hospital, home, and community care:
— care of an individual child
— program development, implementation, evaluation, and evolution
— policy formation

• Exchange complete and unbiased information between families and professionals in a supportive manner at all times
• Incorporate into policy and practice the recognition and honoring of cultural diversity, strengths, and individuality within and across all 

families, including ethnic, racial, spiritual, social, economic, educational, and geographic diversity
• Recognize and respect different methods of coping and implement comprehensive policies and programs that provide developmental, 

educational, emotional, environmental, and financial supports to meet the diverse needs of families
• Encourage and facilitate family-to-family support and networking
• Ensure that hospital, home, and community service and support systems for children needing specialized health and developmental 

care and their families are flexible, accessible, and comprehensive in responding to diverse family-identified needs
• Appreciate families as families and children as children, recognizing that they possess a wide range of strengths, concerns, emotions, 

and aspirations beyond their need for specialized health and developmental services and support

Source: Reprinted with permission from Shelton, T. L., & Stepanek, J. S. (1994). Family centered care for children
needing specialized health and developmental services. Bethesda, MD: Association for the Care of Children’s
Health.
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aspects of an intervention produce what kinds of effects
with what kinds of children and families under what con-
ditions, we can be specific about making informed, empir-
ically-based recommendations. The pursuit of data and
supporting evidence, both direct and corroborative, about
intervention effectiveness for children with specific apti-
tudes or characteristics is just emerging and an is need of
further study.

With respect to first generation studies, a number of
meta-analyses have been conducted examining the effec-
tiveness of various psychoeducational interventions. In a
summary of these meta-analyses Forness (2001) found
that interventions such as mnemonic strategies, reading
comprehension strategies, behavior modification, and
direct instruction consistently evidenced large effect sizes.
Interventions found to have medium effect sizes included
cognitive behavioral therapy, psychotherapy, stimulant
medication, computer-assisted instruction, and peer
tutoring. Based on these findings, Forness (2001)
concluded that best practices “include monitoring
students’ progress and providing positive consequences
for improvement; teaching cognitive-behavioral self-
management; and, at least in the case of children with
ADHD, considering a systematic course of stimulant med-
ications” (p. 194).
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and language-based academics. However, the significance
of these strengths would be moderated if one adopts a de-
velopmental perspective on change. That is, although she
has a relative strength in language-based academics, her
cognitive functioning is at best within the low average
range. As a second grader, the level of challenge with re-
spect to language-based academics is relatively low. She
will need to be closely monitored through the develop-
mental period to ensure that her reading and writing skills
do not begin to lag significantly behind her age-mate
peers as academic expectations increase. Overall, test
results indicate she has significant difficulties in memory,
executive control, and mathematics. Adaptive testing using
the ABAS-II (Harrison and Oakland, 2003) (described previ-
ously) indicated that Amy has significant functional difficul-
ties in the areas of home/school living, self-care, self-
direction, and social functioning. These areas of difficulty
fall within the practical and social domains of the ABAS-II.

Difficulties in the cognitive areas of memory and exec-
utive control, the academic areas of mathematics, and the
adaptive functioning areas of home/school living, self-
care, self-direction, and social function are the conse-
quences of Amy’s conditions and therefore are the targets
for intervention. Interventions are then planned for Amy
and her environment to promote adaptive functioning
with respect to each of the intervention targets. Further,
the psychoeducational interventions are implemented in
an integrated manner in which the neuropsychiatrist leads
a team of professionals that conduct or supervise interven-
tions in the school, home, and community.

The neuropsychiatrist involved Amy’s mother in both
the planning and intervention stages to ensure that she
could help monitor consistency of treatment across set-
tings and to directly improve her ability to care for Amy.
The psychoeducational intervention plan also included
members of the school instructional support team so that
Amy’s services were not dependent on a single school pro-
fessional, namely the teacher. Rather, the school psycholo-
gist, counselor, nurse, teacher, and special education
teacher were included at the planning and intervention
stages. School personnel worked with the parent so that
both settings (home and school) would become more re-
sponsive to Amy’s needs and to indications that she was
struggling. Specific psychoeducational interventions rec-
ommended for Amy included direct instruction in
metacognitive strategies such as mnemonics, note-taking,
and listening skills to increase memory and reduce cogni-
tive demands. She was provided with individual counseling
using cognitive-behavioral techniques in school to help
with her coping, frustration tolerance, and social function-
ing. Her mother and teacher were informed and educated
about these cognitive-behavioral techniques so they could
be practiced in the home and in the classroom. Amy was
provided itinerant support in the classroom for mathemat-
ics. Her teacher was provided with classroom management
techniques to help reduce the impact of teasing on Amy.
Finally, through a partnership between the neuropsychia-
trist and the primary physician her antiepileptic medication
and general physical health continued to be monitored.

CASE EXAMPLE

This case involves Amy, an 8-year-old girl with a compli-
cated medical history including congenital heart failure and
seizure disorder. She had to be resuscitated twice during
her first weeks of life and a pacemaker was implanted. She
has taken antiepileptic medication since approximately 3
years of age after experiencing several generalized
tonic–clonic seizures. Most recently, she underwent surgery
to repair a vertebral arteriovenus fistula. Educationally,
Amy’s current teacher is quite rigid and does not reinforce
her successes. Children in her class have begun teasing her
with respect to academic failures by calling her stupid. She
becomes easily frustrated and upset when she does not do
well on academic tasks. Her parents are divorced and her
father is only peripherally involved. In fact, visits to the fa-
ther often exacerbate her adjustment problems. Her
mother appears to lack confidence in parenting and be-
comes frustrated with Amy quite easily.

Cognitive testing revealed that Amy’s verbal reasoning
ability is in the low average range, perceptual reasoning
ability is in the below average range, working and long-
term memory are in the below average range, executive
functions such as the ability to shift mental sets are in the
well below average range, basic reading and reading com-
prehension were at grade level, spelling was at grade level,
and mathematics skills were well below grade level. Taken
together Amy has relative strengths in verbal reasoning
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CONCLUSION

In this chapter we have described the major features of
functional psychoeducational approaches to intervention
and practice for children and adolescents with neuropsy-
chiatric disorders, and have placed these practices within
the broader context of two different but complementary
systems-level interventions, school-based services and fam-
ily-centered care. Our goal is to provide professionals with
a framework for understanding the key characteristics of ef-
fective psychoeducational interventions in pediatric neu-
ropsychiatry, which they can use for informing these chil-
dren and adolescents and their families about what they
should look for in obtaining effective educational and re-
lated services. Consequently, the contents of the chapter,
and especially the seven principles and elements described
in the key elements of psychoeducational interventions sec-
tion of this chapter, can be used as a checklist for deter-
mining the appropriateness of educational practices used
with children and adolescents with brain disorders. At a
minimum, emerging best practice psychoeducational inter-
ventions are ones that focus on the form and function of
behavior, as well as the environmental conditions that con-
tribute to optimal, socially adaptive outcomes. To the ex-
tent that neuropsychiatrists incorporate these elements in
their treatment recommendations to family members and
other professionals, they will make a major contribution
toward bettering the lives of children and adolescents with
brain disorders and disabilities.
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It is important that medical and legal professionals under-
stand enough of each other’s disciplines to ensure that both
provide the best professional services of which they are ca-
pable. It is our intent in this chapter to foster such an un-
derstanding.

Specifically, in this chapter, we provide a legal overview
of various pertinent laws, discuss standards for determining
whether a disorder is covered under each of the laws, ad-
dress entitlements under the laws, explain documentation
requirements from a legal perspective, discuss the profes-
sional report, and provide an overview of the concept of
confidentiality under the law.

BASIC PRINCIPLES

The Constitution

The government of the United States of America is a limited
one. It has those powers expressly granted it by the United
States Constitution and no others. The Tenth Amendment
to the United States Constitution provides:

The powers not delegated to the United States by the Con-
stitution, nor prohibited by it to the states, are reserved to
the states respectively, or to the people.

The powers of the federal government may be exercised
through legislation which is authorized by, and enacted
pursuant to, specific provisions of the Constitution. As a re-
sult, the federal legal rights accorded individuals with dis-
abilities must be found in the Constitution of the United
States, or those statutes which Congress has enacted pur-
suant to its provisions. There are three relevant Constitu-
tional provisions: the Commerce Clause, the Spending

Clause, and the Fourteenth Amendment. Disability legisla-
tion must be authorized by one or more of these provisions
in order to be valid. Each of these laws, and the Constitu-
tional provisions which authorize them, will be discussed
next. In contrast, the states have all powers not specifically
delegated to the federal government. These powers are, in
many cases, far broader than the federal ones and permit
states to enact legislation which the federal government
cannot.

The Statutory Overview

To protect individuals with disabilities, Congress enacted
three key federal statutes: the Rehabilitation Act of 1973
(RA) (1), the Education for All Handicapped Children Act,
now called the Individuals with Disabilities Education Act
(IDEA) (2), and in 1990, the Americans with Disabilities
Act (ADA) (3).

The ADA and RA are civil rights statutes that outlaw dis-
crimination but do not necessarily provide funds for the ac-
tivities mandated by them. The IDEA goes beyond the civil
rights objective of a ban on disability-based discrimination;
it provides funding for the provision of a free appropriate
public education to students whose needs are such that
they require special education and related services to learn.
What follows is an overview of these laws. Each statute is
discussed in greater depth subsequently.

The Rehabilitation Act of 1973
The Rehabilitation Act of 1973 (RA) made discrimination
against individuals with disabilities unlawful in three areas:
(1) employment by the executive branch of the federal
government, (2) employment by most federal government
contractors, and (3) activities that are funded by federal sub-
sidies or grants. The last mentioned category includes all
public elementary and secondary schools and most post-
secondary institutions. The section of the statute that pro-
hibits discrimination in grants and other forms of financial
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assistance was numbered 504 in the original legislation, and
the Rehabilitation Act is often referred to simply as Section
504. Other sections, for example, create a limited require-
ment for affirmative action in the hiring of individuals with
disabilities by the executive branch of the federal govern-
ment and most federal government contractors.

The RA applies to state agencies, local governmental
agencies, and private firms because those entities have
agreed that it should apply. Agreement to the terms of the
Rehabilitation Act is required in order to receive federal fi-
nancial support and funding. The courts have given the
nondiscrimination provisions of Section 504 a broad reach
by finding the existence of federal financial support and
funding in circumstances in which the interpretation of re-
ceipt of such funding is far from immediately obvious.

The RA is authorized by the Spending Clause of the
United States Constitution which provides that “The
Congress shall have Power to lay and collect Taxes. . .to. . .
provide for the. . .general Welfare of the United States. . . .”
(4). Under this authority the federal government provides
funding for good purposes, such as education, which it
could not provide directly itself. It accomplishes this
through the use of grants, which are much like contracts.
Any contract, by definition, requires the agreement of the
parties, and so the question becomes, what have the states
agreed to when they receive grants authorized under the
Spending Clause? Sometimes states are found to have
agreed to waive immunity to suits by private parties. On the
other hand, the Supreme Court has held that the States
have not, for example, agreed to accept liability for punitive
damages for violations of the RA (see Barnes v. Gorman
(2002) (5)). Nor have they agreed to liability for violation
of the myriad of regulations issued pursuant to the RA in
suits brought by private parties (see Alexander v. Sandoval
[2001]) (6). However, the RA does clearly prohibit states
from engaging in intentional discrimination against per-
sons with disabilities and that states are not immune from
private suits based upon intentional discrimination.

The Individuals With Disabilities Education Act
In 1975, the Congress enacted a statute titled the Educa-
tion for All Handicapped Children Act. That statute, now
called the Individuals with Disabilities Education Act
(IDEA), which was reauthorized in December, 2004, pro-
vides funds to state and local elementary and secondary
schools for the education of children with disabilities. It
provides for a free appropriate public education (FAPE)
and represents a unique approach to civil rights in that
the IDEA provides at least a part of the funds which en-
able these school systems to comply with federal disabil-
ity-based civil rights laws. Comparable financing does not
exist for compliance with race-based and gender-based
civil rights laws. Under the IDEA, the school is responsi-
ble for identifying and evaluating students with disabili-
ties, who by reason thereof, need special education and
related services and then, for providing to them such edu-

cation and services under an Individualized Education
Program (IEP). These services are to be provided in the
least restrictive environment (LRE), appropriate to the
needs of the child. In other words, to the extent appropri-
ate in terms of the needs of the child, the child should be
integrated with other children, with and without disabili-
ties, and still receive special services. This is sometimes re-
ferred to as inclusion. A child found ineligible under the
IDEA still may be eligible for services under Section 504
of the RA.

The IDEA is authorized by the Spending Clause. The
states have validly consented to its provisions.

The Americans with Disabilities Act of 1990
In 1990, the Congress enacted the Americans with Disabil-
ities Act (ADA). This Act extended the concepts of Section
504 to (1) employers with 15 or more employees (Title I),
(2) all activities of state and local governments, including
but not limited to employment and education (Title II),
and (3) virtually all places which offer goods and services
to the public, termed “places of public accommodation”
(Title III). In addition, ADA standards apply to employ-
ment by the Congress.

Two constitutional provisions authorize the ADA. First,
Titles I and III are authorized by the Commerce Clause,
which provides that Congress has the authority “To regu-
late Commerce. . .among the several States. . . .” (7). Title II
is authorized by the Fourteenth Amendment which pro-
vides in pertinent part that:

No state shall make or enforce any law which shall. . .de-
prive any person of life, liberty, or property, without due
process of law; nor deny to any person within its jurisdic-
tion the equal protection of the laws. . . .

Note that the Fourteenth Amendment applies to states
and not to the federal government. The Fifth Amendment
applies to the federal government and contains the prohi-
bition against deprivation “of life, liberty, or property,
without due process of law. . . .” While the Fifth Amend-
ment does not contain the equal protection guarantees, in
practice, the Fifth Amendment has been interpreted to in-
clude it. Note also that the Fourteenth Amendment pro-
vides for the enactment of implementing legislation.

The Fourteenth Amendment prohibits only intentional
discrimination. For this reason, the Americans with Dis-
abilities Act of 1990 is limited in its application to states.
We will discuss intentional discrimination further in this
chapter.

Social Security

The Social Security Act, in Titles II and XVI, provides for the
payment of benefits and Supplemental Security Income
(SSI) to disabled persons. To obtain SSI benefits, an indi-
vidual must (1) be disabled and (2) have income and re-
sources that do not exceed the prescribed maximums (8).
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Entitlement must be established through the presentation
of evidence supported by acceptable medical sources (e.g.,
appropriately qualified medical personnel). The validity of
many of the claims for SSI benefits is decided on the basis
of evidence presented by the treating sources (i.e., by those
actually treating the patient). Other forms of evidence are
medical reports and results from consultative examina-
tions. The content of medical reports is specified by regula-
tion. Essentially, a medical report is one that involves all
the elements of a standard examination in the applicable
medical specialty (9). The Social Security Act is authorized
by the Commerce Clause.

State Law

Most states have enacted laws prohibiting discrimination
against individuals with disabilities. Their coverage, in
some cases, exceeds that of the federal statutes we will be
discussing. The laws of each state should be consulted in
dealing with any particular issue.

Children and adults also may be entitled to services un-
der state statutes authorizing the furnishing of social ser-
vices and education to individuals with disabilities. In
Mullins v. North Dakota Department of Human Services (10),
individuals with attention-deficit/hyperactivity disorder
(ADHD) were held to be developmentally disabled persons
entitled to social services under statutory language similar
to that used in the federal statutes and regulations. In reach-
ing this decision, the court disregarded an administrative
manual used by the state agency that, while purporting to
provide administrative guidance, in fact narrowed the class
of potential recipients.

In In re Richard M. (11), the Supreme Court of New
Hampshire ruled that a brain injury resulting from an au-
tomobile accident may result in a “specific learning dis-
ability” under a state statute providing for social services
for the developmentally disabled. The court also held that
a state regulation limiting the application of the term
developmental disability to those individuals with onset of
the disability before age 18 years was invalid under the
statutory definition. (It should be noted that the New
Hampshire statute in question used the IDEA definition
of disability.)

WHO IS A QUALIFIED INDIVIDUAL WITH
A DISABILITY?

The Rehabilitation Act or the ADA may apply when a physi-
cal or mental impairment exists that substantially limits a major
life activity. In order to obtain the protections of the Reha-
bilitation Act or the ADA, a patient is required to establish
that the Rehabilitation Act or the ADA applies and that he
or she (1) is an “individual with a disability,” (2) is “other-
wise qualified,” and 3) was denied a job, education, or other
benefit by reason of that disability (12).
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Impairments Covered

The Rehabilitation Act or ADA apply to any “individual
with a disability,” which includes one who “has a physical
or mental impairment which substantially limits one or
more of such person’s major life activities” (13). The term
“individual with a disability” includes individuals with
ADHD, specific learning disabilities, autism, other neuro-
logical impairments, and neuropsychiatric disorders that
substantially limit a major life activity. Alcoholism is cov-
ered, but current illegal drug use is not. A recovering drug
user who has been drug free for a reasonable period is, in
all likelihood, covered as having an impairment under the
ADA. Conditions such as left-handedness and lack of fa-
miliarity with the English language are not covered, even
though they may interfere with learning and working.

Substantially Limits

The impact of the impairment must be severe enough to
result in actual substandard performance or in significant
restriction of the manner in which a major life activity is
performed. The regulations use the term “substantially
limits,” by which is meant that an individual either (1) is
“[u]nable to perform a major life activity that the average
person in the general population can perform” or (2) is
“[s]ignificantly restricted as to the condition, manner or
duration” of the major life activity in question, when
measured against the abilities of the “average person in
the general population” (13).

Who is the average person, and what is the general pop-
ulation? How do you measure the severity of an impair-
ment? Do you consider the beneficial effects of coping
strategies and medication? The Supreme Court addressed
these questions in a series of cases.

Prior to 1999, most courts held that, under the ADA, the
severity of an impairment is to be measured without con-
sidering the effects of a person’s coping strategies, medica-
tion, or prosthetic devices. In Sutton v. United Air Lines, Inc.
(1999) (14), the Supreme Court rejected those cases.

Karen Sutton and her twin sister, Kimberly, had “severe
myopia,” which was correctable to “20/20 or better” with
glasses or contact lenses. Without these, however, both
sisters “effectively” could not “see to conduct numerous ac-
tivities such as driving a vehicle, watching television or
shopping in public stores.” Nonetheless, the sisters applied
to United Airlines for employment as commercial pilots.
They were rejected because United’s policy required 20/20
vision without the corrective effects of glasses or contact
lenses. They sued under the ADA and, having lost at trial
and on appeal, petitioned the Supreme Court which af-
firmed the dismissal of their case. The Supreme Court con-
cluded that Congress never intended the ADA to protect, as
disabled, those who, like the sisters, were able to “function
identically to individuals without a similar impairment,”
when employing “mitigating measures such as medicines,
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or assistive or prosthetic devices.” The Court reached the
same result with respect to medication (Murphy v. United
Parcel Service, Inc. (1999) (15), and compensatory strate-
gies (Albertsons, Inc. v. Kirkingburg (1999)) (16).

Major Life Activities

An impairment must substantially limit a “major life activ-
ity” before it can be considered a “disability” under the law.
The major life activities are considered to be “caring for one-
self, performing manual tasks, walking, seeing, hearing,
speaking, breathing, learning, and working” (17). The
Equal Employment Opportunity Commission (EEOC) has
added: thinking, concentrating, and interacting with others as
well as sleeping to the list of major life activities its investiga-
tors will recognize. Whether, and to what extent, the courts
will agree with the EEOC is uncertain. Note: Some courts
hold that reading and writing are separate major life activi-
ties, but these appear to be minority views. It should be
noted that the regulations specify that learning and working
are major life activities, and these are the ones that most
concern us. However, working is treated differently from all
other major life activities for purposes of considering
whether an individual with an impairment is substantially
limited thereby. To be considered to represent a substantial
limitation on working, the individual’s impairment must bar
him or her from significant classes of jobs, not just from a
particular job. Only disabilities with the former (and
broader) impact are considered to substantially limit work-
ing. Whitlock v. Mac-Gray, Inc. (18).

Under the ADA, the impairment must substantially limit a
major life activity. In Toyota Motor Manufacturing, Kentucky,
Inc., v. Williams (2002) (19), the United States Supreme
Court considered the level of severity required. That case in-
volved a suit by an automobile assembly worker who expe-
rienced pain in her neck and shoulders and was eventually
diagnosed with carpal tunnel syndrome and other disorders.
However, while her carpal tunnel syndrome limited her
“ability to perform the range of manual tasks associated with
an assembly line job,” it did not limit her ability to perform
isolated, nonrepetitive manual tasks over a short period of
time, such as tending to her personal hygiene or carrying out
personal or household chores. She was placed on “a no-
work-of-any-kind restriction” by her treating physicians.
Toyota then terminated her employment, and she sued un-
der the ADA, claiming that she was disabled because she was
substantially limited, among other things, in the major life
activities of performing manual tasks and working.

The United States Supreme Court ruled that Williams
was not an individual with a disability because she could
not meet the “demanding standard for qualifying as dis-
abled” created by the ADA. It ruled that to be “substantially
limited” in a “major life activity”:

an individual must have an impairment that prevents or
severely restricts the individual from doing activities that
are of central importance to most people’s daily lives. The
impairment’s impact must also be permanent or long-term.

Applying this reasoning to the case at hand, the Supreme
Court noted that repetitive work with hands and arms ex-
tended at or above shoulder levels for extended periods of
time, “is not an important part of most people’s daily
lives.” Williams’ ability to perform household chores,
bathing, and brush her teeth were, because these “are
among the types of manual tasks of central importance to
people’s daily lives, and should have been part of the as-
sessment of whether [Williams] was substantially limited
in performing manual tasks.” The case was then returned to
the court of appeals for further proceedings.

Lower federal courts have applied similar reasoning in
cases involving the ADA and RA. One case, involving a
public high school student with learning disabilities,
ADD, and epilepsy, is Costello v. Mitchell Pub. Sch. Dist.
(20). The court found that the student was not substan-
tially limited in any major life activity compared to the
general population. While the student may have had a
more difficult time learning compared to her peers, any
limitations she had did not prevent her from moving to
the next grade level. Note, however, that the application
of state law may produce radically different results. Cali-
fornia, for example requires only that an impairment limit
participation in a major life activity. Proof of substantial
limitation is not required (21).

Otherwise Qualified

Under both the Rehabilitation Act and the ADA, an “indi-
vidual with a disability” must be one who is “otherwise
qualified.” An “otherwise qualified” individual is one who,
although possessed of a disability, would be eligible for the
education, job, or program benefit, with or without, a rea-
sonable accommodation. It should be noted that in public
elementary and secondary schools, a student is presumed
to be qualified for public education. Thus, it is not neces-
sary to prove that the student is otherwise qualified.

The RA and ADA requirement that an individual with a
disability be otherwise qualified will exclude many individ-
uals with neuropsychiatric impairments from educational
programs and the workplace because it is difficult to show
that one is both substantially limited in a major life activity
such as learning and is also qualified for the educational
program or job. The facts that prove substantial limitation
also show a lack of qualification. Conversely, a person
whose neuropsychiatric impairments do not disqualify him
or her is unlikely to be considered disabled under federal
law. In Robertson v. Neuromedical Center (22), for example,
the Fifth Circuit upheld the termination of a neurologist
with ADHD. Holding that there was no duty to accommo-
date Robertson in his medical practice, the Court found that
he was not otherwise qualified to practice medicine, be-
cause he was a threat to the “basic medical safety” of his pa-
tients, saying:

Robertson posed a ‘direct threat’ to the health and safety of
others in the workplace. Robertson’s short-term memory
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problems had already caused various mistakes to be made
in patients’ charts and in dispensing medicine. Most signif-
icantly, Robertson voiced his own concerns about his abil-
ity to take care of patients, stating that it was only a matter
of time before he seriously hurt someone.

The Central Dilemma of the ADA

The ADA and RA pose a central dilemma: to prove that
one has a disability under the ADA/RA, one must show an
impairment which both substantially limits a major life
activity but (despite its severity) does not render one un-
qualified for the job or educational program. A great
many plaintiffs with neuropsychiatric conditions find that
they are either: (1) qualified, but not disabled or (2) dis-
abled, but not qualified.

THE RIGHT TO BE FREE FROM
DISCRIMINATION

Illegal discrimination exists in two senses, intentional
discrimination and a refusal to accommodate. Intentional
discrimination is illegal whether done by governmental or
private entities. Refusals to accommodate are illegal only
when done by private parties. We will consider each below.

Equal Protection and Intentional
Discrimination

The Fourteenth Amendment provides in part that “No state
shall. . .deny to any person within its jurisdiction the equal
protection of the laws. . . .” In the context of disabilities,
equal protection of the laws is denied when intentional
discrimination occurs. Intentional discrimination consists
of a baseless and unlawful difference in the treatment of in-
dividuals by reason of their race, gender, or disability char-
acteristics. Whether a difference in treatment is unlawful
depends on whether it has a rational basis. Distinctions
based on race or gender are presumed to have no rational ba-
sis and are, for all practical purposes, unlawful. Nevada De-
partment of Human Resources v. Hibbs, (U.S.S.C. 2003) (23).

Differences in treatment on the basis of disability may or
may not have a rational basis; it all depends on the facts of
each case. There is no presumption against different treat-
ment. (See City of Cleburne, Texas v. Cleburne Living Center,
Inc. (1985) and Kimel v. Florida Bd. of Regents (2000) (24)
For example, it would be unlawful for a government to bar
African Americans or females from employment as bus
drivers. There can be no reason for such a distinction. How-
ever, a prohibition against the employment as bus drivers of
persons who lack the ability to see has a rational basis even
though it involves a difference in the treatment accorded
persons with a disability. Under the Constitution, there is
no duty to provide individuals with disabilities accommo-
dations, reasonable or otherwise. Failure to provide accom-
modations does not constitute intentional discrimination.

In University of Alabama v. Garrett (2001) (25), the United
States Supreme Court said:

States are not required by the Fourteenth Amendment to
make special accommodations for the disabled, so long as
their actions towards such individuals are rational.

In Garcia v. S.U.N.Y. Health Sciences Ctr. of Brooklyn (26),
the court held that a medical student dismissed from a state
university could not maintain a suit for monetary damages
against the university under either the ADA or Section 504
of the RA, unless the university violated the Fourteenth
Amendment by committing intentional discrimination
(not simply failure to accommodate a disability), and, as to
Section 504, unless the state knowingly waived its
sovereign immunity from suit when it accepted federal
funds. In Garcia, the court found that the state had not
waived its sovereign immunity.

However, where the discrimination by a state govern-
ment is intentional, both the Constitution and the ADA, as
well as the RA, provide available remedies. In the case of
Olmstead v. L. C. (1999) (27), the Supreme Court held that
the ADA’s “proscription of discrimination” may require
placement of persons with mental disabilities in commu-
nity settings rather than in institutions. The persons in
question were two women, both of whom were mentally
retarded. In addition, one of the two, L.C. suffered from
schizophrenia, and the other, E.W., a personality disorder.
Community placement, found the Court, is “in order when
the State’s treatment professionals have determined that
community placement is appropriate, the transfer from in-
stitutional care to a less restrictive setting is not opposed by
the affected individual, and the placement can be reason-
ably accommodated, taking into account the resources
available to the State and the needs of others with mental
disabilities.” The Court considered the applicability of
these rules:

“Unjustified isolation, we hold, is properly regarded as
discrimination based on disability.”

L.C. and E.W. were entitled to liberty, the maximum
reasonable freedom, under the Fourteenth Amendment.
Anything less was illegal segregation. In this case, the dis-
crimination consisted of intentional segregation and vio-
lated the Fourteenth Amendment as well as the ADA.

In the context of elementary and secondary public educa-
tion, it is often meaningful access to education. In Padilla v.
School District No. 1 (28), the Court held that the parents had
alleged facts which, if true, would constitute a valid claim of
intentional discrimination. The facts follow. Between 1992
and 1997, a school district failed to provide a special educa-
tion student “with the behavioral programming, augmenta-
tive communication, and tube feeding services identified in
her IEP.” The school district also repeatedly “placed her in a
windowless closet, restrained in a stroller without supervi-
sion,” contrary to her IEP. During one of these incidents “she
tipped over and hit her head on the floor, suffering serious
physical injuries, including a skull fracture and exacerbation
of a seizure disorder, which kept her from attending school
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for the remainder of the term.” Being locked in a closet and
physically abused deprives one of access to education.

In Davis v. Monroe County Board of Education (1999) (29),
the United States Supreme Court considered what types of
access deprivation might be actionable. The Court noted
that the “most obvious example” of deprivation “would
thus involve the overt, physical deprivation of access to
school resources.” Conduct which prevented “students
from using a particular school resource—an athletic field or
a computer lab, for instance” would give rise to liability. It
“is not necessary, however, to show physical exclusion to
demonstrate that students have been deprived. . .of an edu-
cational opportunity.” Conduct “that is so severe, pervasive,
and objectively offensive, and that so undermines and
detracts from the victims’ educational experience, that the
victim-students are effectively denied equal access to an in-
stitution’s resources and opportunities,” is actionable. Note
that, while the Court was discussing sexual harassment, the
same principles apply in the area of disabilities. (See Gebser
v. Lago Vista Independent School Dist (30) and Rees v. Jefferson
School District) (30a). Intentional discrimination must also
be proved under the RA (see Alexander v. Sandoval) (31). Fol-
lowing Sandoval, the Court was careful to point out that its
rulings were not based on regulations. In Jackson v. Birming-
ham Board of Education, 544 U.S. __ (2005), the court held
that a private party may sue a school that receives federal
funds in a case in which the private party (a male coach) al-
leges acts of retaliation against him for reporting discrimi-
nation against girls on a girls’ sports team “based on sex.”
Following Alexander v. Sandoval, the court refused to base its
holding on the Department of Education’s regulations. The
court said:

We do not rely on regulations extending Title IX’s protec-
tion beyond its statutory limits: indeed, we do not rely on
the Department of Education’s regulations at all, because
the statute itself contains the necessary prohibition.

Due Process and Intentional Discrimination

The test of what constitutes intentional discrimination is
different when due process is concerned. The Fourteenth
Amendment also provides that “No state shall. . .deprive
any person of life, liberty, or property, without due process
of law. . . .” That is because due process requirements apply
when the government seeks to require something of the in-
dividual. In Tennessee v. Lane, 541 U.S. 509 (2004) (31a),
the U. S. Supreme Court considered Title II of the ADA in a
case involving the issue of physical access by persons with
paraplegia to the courts. The Court ruled in a 5–4 decision
that private parties could sue states for monetary damages
under Title II of the ADA where fundamental due process
rights, such as access to the courts, are at issue. Applied in
this manner, the ADA “is congruent and proportional” to
the congressional “object of enforcing the right of access to
the courts.” Put another way, if a court has the authority to
take actions against individuals by holding them liable,

then due process requires that those subject to the courts
have the ability to use them effectively. For this reason, the
United States Supreme Court held the ADA to be constitu-
tional as applied in Lane, but not in Garrett (25).

Duty to Accommodate

Intentional discrimination consists of a baseless and un-
lawful difference in the treatment of individuals by reason
of their race, gender, or disability characteristics. In the
ADA/RA, the concept has been expanded to include a re-
fusal to provide reasonable accommodations. For exam-
ple, the ADA provides with respect to employment that
“No covered entity shall discriminate against a qualified
individual with a disability because of the disability of
such individual. . . .” Discrimination is defined to include
“not making reasonable accommodations to the known
physical or mental limitations of an otherwise qualified
individual with a disability. . . .” (32). Similar prohibi-
tions are applicable to places of public accommodation,
including private schools.

It should be noted at the outset that states and their
agencies, including public educational institutions are
barred only from engaging in intentional discrimination.
There is no duty to provide reasonable accommodations in
the public classroom. Reasonable accommodations are al-
terations in nonessential testing requirements (33), delivery
of course materials (34), or job requirements (35) that will
enable a child or adult with a disability to perform the es-
sential or fundamental tasks involved. Modifications that
would require alteration of the fundamental nature of a
test, course of study, or job or that would cause an undue
hardship are not reasonable and are not required (36) (see
Zukle v. Regents) (37).

The requirement for reasonable accommodation affects
virtually all educational institutions, regardless of whether
they are elementary, secondary, or postsecondary, in three
principal areas:

■ Testing (for admissions, evaluation of academic perfor-
mance, and graduation)

■ Delivery of course materials
■ Nonacademic benefits of school or college life (e.g.,

sports, dormitory living)

The bases for these common requirements vary, de-
pending on whether the educational institution is public or
private, elementary or postsecondary. Special education
and services in public elementary and secondary education
are governed by the IDEA (38). The Rehabilitation Act and
ADA also apply, but in many cases their coverage is less
comprehensive than the IDEA’s coverage (39).

Accommodations in private elementary and secondary
education are governed only by the Rehabilitation Act and
the ADA. Accommodations in postsecondary institutions,
including colleges, graduate schools, and institutions that
prepare individuals to take entrance examinations and
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professional licensing examinations or that administer
such examinations, are governed by the Rehabilitation Act
and the ADA (40). As previously noted, the Rehabilitation
Act would not apply unless the school receives federal
funding, and the ADA would not apply to religiously con-
trolled schools.

Examinations must be structured in such a way that their
results “accurately reflect the individual’s aptitude or
achievement level or whatever other factor the examination
purports to measure” (41).

In general, entrance and other examinations may not re-
flect “the individual’s impaired sensory, manual, or speak-
ing skills” unless (1) the purpose of the test is to measure
those factors and (2) the measurement of those factors has
a valid educational purpose. Testing that relies on a single
criterion is unlawful where that criterion can be shown to
be an inaccurate predictor of performance and the use of
that criterion has no compelling justification.

Examinations are generally required to be modified (1)
in the “length of time permitted for completion” and (2) in
the “manner in which the examination is given” (42). Aux-
iliary aids and services must be provided. Modifications are
not required where they will alter the fundamental nature
of the course or pose an undue hardship. The U.S. Depart-
ment of Education has stated that in making undue hard-
ship determinations, the primary consideration will be the
size and budget of the institution in comparison with the
cost of the requested aids, and not the amount of tuition
paid by the student (43).

An educational institution must provide equal access to
classroom and other educational materials. This duty is de-
scribed in the regulations as an obligation to provide auxil-
iary aids and services (44). The auxiliary aids and services
must “recognize individual communications needs” and
must provide “contemporaneous communication” of the
entire educational experience, including class participa-
tion, being offered. Their selection is to be guided primar-
ily by a consultative process with the student and not just
made unilaterally by the institution (45).

The requirement for reasonable accommodation gener-
ally applies in the workplace as well. Again, nonessential test-
ing and job performance requirements must be modified.
Modifications that would require fundamental job alter-
ations or undue hardship are not required. These require-
ments apply to federal executive (46) and congressional
(47) branch employment, federal funding recipients (48),
federal government contractors (49), state and local gov-
ernments, and most private employers.

THE RIGHT TO EDUCATIONAL
ASSISTANCE—IDEA

Thus far we have discussed the right to be free from dis-
crimination by reason of disability. However, some impair-
ments are sufficiently serious that more proactive measures

are required. In the case of education, these measures are
contained in the Individuals with Disabilities Education Act
(IDEA). The IDEA applies to “children with disabilities,”
which the United States Code Annotated (U. S.C.A.) defines
as children:

(i) with mental retardation, hearing impairments in-
cluding deafness, speech or language impairments, visual
impairments including blindness, serious emotional dis-
turbance, orthopedic impairments, autism, traumatic brain
injury, other health impairments, or specific learning dis-
abilities; and

(ii) who, by reason thereof, need special education and
related services (50).

It should be noted that to be eligible, a child must
(1) have a listed disability and (2) “by reason thereof, need
special education and related services.”

The IDEA has been interpreted to cover ADHD under
the categories of “specific learning disabilities,” “other
health impairments,” and “serious emotional distur-
bance.” (See Chapter 11 for discussion of ADHD.) Mood
disorders, schizophrenia, anxiety, and other psychiatric ill-
nesses could be covered under the emotional disturbance
category. (See Chapter 13 for discussion of mood disorders,
Chapter 14 for anxiety disorders.) Autism and Asperger’s
Syndrome are also covered.

The IDEA is implemented by the Code of Federal Regula-
tions (12), which repeats the terms of the U.S.C.A. defini-
tion. The disability definitions in the IDEA are interpreted
to be consistent with those that appear in the regulations is-
sued under the Rehabilitation Act and the ADA. For exam-
ple, the IDEA’s definition of “specific learning disability”
governs the interpretation of the term “specific learning
disability” as it appears in the regulations issued under the
Rehabilitation Act and the ADA (13).

The special education and related services are delivered
by means of an individualized education program (IEP),
which reflects agreement between the school district and
the parents as to the specific services that will be delivered
during the academic year. Failure to agree triggers a
requirement for a due process hearing whose purpose is
to create an IEP based on evidence from a variety of
sources, including classroom teachers, parents, and
professionals.

The IDEA applies only to those disorders and impair-
ments that are sufficiently severe to require special educa-
tion and related services. Many states give great weight to
a “2-year” rule-of-thumb for assessing the impact of a
learning disability. Specifically, they refuse to find that a
child needs special education and related services unless
the child is 2 years behind in his or her academic
progress. Thus, a child who puts forth a Herculean effort
to perform at grade level in achievement may in effect
work his or her way out of qualifying for special
education and related services. In some states, the
applicable state law may bring about a result more favor-
able to students with learning disabilities. For example,
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Massachusetts requires special education services to de-
velop successfully each child’s educational potential.
Many states have used a “severe discrepancy” test in de-
ciding whether a specific learning disability exists. The
2004 IDEA, 20 U.S.C. §1414(b)(6)(50a), provides that
“when determining whether a child has a specific learning
disability. . . a local educational agency shall not be re-
quired to take into consideration whether a child has a se-
vere discrepancy between achievement and intellectual
ability in oral expression, listening comprehension, writ-
ten expression, basic reading skill, reading comprehen-
sion, mathematical calculation, or mathematical reason-
ing.” The local educational agency may, of course,
consider such a discrepancy as a factor in its assessment.

Special education and related services are delivered un-
der the IDEA by means of an IEP, which reflects agreement
between the school district and the parents as to the specific
services that will be delivered during the academic year. As
noted earlier, failure to agree triggers a requirement for a
due process hearing whose purpose is to create an IEP
based on evidence to be supplied from a variety of sources
(e.g., classroom teachers, parents, professionals) (51). Ser-
vices must be delivered in the least restrictive environment ap-
propriate to the needs of the child.

An issue currently of concern is the exclusion for mis-
conduct of elementary and secondary public school stu-
dents with behavioral and mental impairments. Children
with disabilities who are receiving services in public school
under the IDEA may not be expelled or suspended for more
than 10 days for misconduct arising out of their disabilities,
except if maintaining the student in the current placement
is substantially likely to cause injury, in which case proper
procedures must be followed. Generally, rather than ex-
clude the student from the school program, the school
should use the IEP process to determine what additional
services may be appropriate to address the disability-related
behavior.

A suspension for more than 10 days constitutes a
change in placement and triggers a notice and the right to
a due process hearing. During these proceedings, the child
remains in the original placement. Students who bring
firearms to school are treated differently. Such students
may be suspended for up to 45 days and may be
maintained in an interim placement pending completion
of any hearings requested by their parents. Even when
a child is excluded from a program because of miscon-
duct, the child is entitled under the IDEA to continuing
services.

Students with disabilities who are receiving services un-
der Section 504 of the Rehabilitation Act are also entitled
to procedural safeguards in the event of misconduct.
However, in contrast with the IDEA, Section 504 has been
interpreted to permit the school to cease providing educa-
tional services during periods of disciplinary exclusion
from school.

THE RIGHT TO CARE: SOCIAL SECURITY

The Social Security Act (SSA) provides for financial support
to certain persons with disabilities. To obtain SSI benefits,
an individual must have 1) a qualifying disability and 2)
income and resources that do not exceed the prescribed
maximums (52). A child’s disability is measured in terms
of what would disable an adult. In other words, a child’s
ability to function as other children of the same age do
must be impaired to a degree comparable to that required
of adults. Other statutes provide for social services to indi-
viduals with disabilities. Individuals with disabilities are
also covered by the Fair Housing Act (53).

The SSA (54) applies when a physical or mental impair-
ment exists that effectively precludes an individual from
working and/or caring for himself or herself. A disability
for purposes of SSI is “the inability to do any substantial
gainful activity by reason of any medically determinable
physical or mental impairment which can be expected to
result in death or which has lasted or can be expected to
last for a continuous period of not less than 12 months”
(55). The degree of impairment required by this test is
greater than that required by the Rehabilitation Act and
the ADA.

The following impairments are those specifically cov-
ered for children:

■ Multiple-body-system impairments, which include “ac-
quired disorders” that create “significant interference
with age-appropriate major daily or personal care activi-
ties” (56).

■ Organic mental disorders (“abnormalities in perception,
cognition, affect, or behavior associated with dysfunc-
tion of the brain”) (57).

■ Neurological impairments, including seizure disorders
(58).

■ Mental retardation, defined as “dependence on others
for personal needs” and as having a “valid verbal,
performance, or full scale IQ of 60 through 70” accom-
panied by “impairment imposing additional and signif-
icant limitation of function” (59).

■ Autistic disorder and other pervasive developmental
disorders (60).

■ ADHD (61).
■ “Developmental and emotional disorders of newborn

and younger infants” (62).

THE RIGHT TO PROTECTION: CRIMINAL
AND CIVIL COMMITMENT

Criminal Justice System

A disability such as schizophrenia may constitute an excuse
that requires a finding of not guilty by reason of insanity. A dis-
order may preclude a witness from testifying when its sever-
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ity is such that the individual is not a competent witness. A
disability may be a factor that reduces the severity of an of-
fense for which an individual may be convicted. A disabil-
ity also may require a lesser or a modified sentence or may
influence the approach to rehabilitation.

Two cases may serve as examples of the increasing inter-
play between disability-based requirements and the crimi-
nal law.

In a case involving a motor vehicle accident, Jackson v.
Inhabitants of Sanford, Me (63). Jackson, the plaintiff, had
been jailed for operating a motor vehicle while under the
influence of alcohol or drugs. The evidence of his alleged
alcohol-based or drug-based impairment consisted of cer-
tain physical difficulties, including partial paralysis and
slurred speech. However, Jackson succeeded in establishing
that these conditions resulted not from alcohol or drug use
but from a prior stroke. The court held that the Town of
Sanford, Maine, was liable for discriminatory arrest in vio-
lation of Title II of the ADA.

In State v. Woody (64), the defendant had been arrested
for driving under the influence of alcohol. The principal
proof against him was his blood alcohol results. However,
the court held these test results inadmissible because the ar-
resting officer had not provided the defendant, who was
deaf, with a qualified sign language interpreter from the hu-
man resources department at the time the tests were made,
as required by state statutes.

The right to adequate physical and mental health treat-
ment in prison is evolving. Suffice it to say that although the
existence of such a right is theoretically established (i.e., by
the Eighth Amendment’s prohibition against cruel and un-
usual punishment), the scope of that right is disputed, and
the enthusiasm with which it is recognized by correctional
institutions varies (65). The applicability of the Rehabilita-
tion Act (because of federal law enforcement moneys) and
the ADA (because of Title II, which prohibits disability-
based discrimination by state and local governments) may
lead to improved care.

The right to education for children and adolescents who
would be entitled to it under the IDEA were they not incar-
cerated stands on a more substantial footing. In general, the
IDEA requires such education, and the various jurisdictions
have made progress in implementing these requirements.

Civil Commitment

Involuntary civil commitment involves compelling indi-
viduals with mental illnesses or mental impairments to re-
ceive care and treatment. States have various standards for
involuntary commitment, one of which is danger to self or
others. Over the past 20 years, there has been increasing
recognition of the importance of less restrictive alternatives
to longterm institutional care. Most states provide for an
initial commitment period for observation. An individual
may not be held beyond that initial period without a hear-

ing. Longer-term commitment without periodic review is
unlawful (66). Usually, commitment is to an inpatient in-
stitution. Sometimes, involuntary outpatient commitment
is an alternative option.

Almost all states have voluntary admission procedures
under which an individual may initiate admission for treat-
ment. Minor children with parents or legal guardians have
less due process protection than adults. The United States
Supreme Court has held that an admitting physician’s de-
termination is sufficient for children to be committed to
state hospitals by their parents (67).

Treatment Approaches and Legal Rights

Patients in institutions have legal rights, which may in-
clude legal rights to treatment and habilitation, to basic
necessities, to refusal of treatments, and to treatment in
the least restrictive environment. The courts have held
that patients with mental disabilities have a constitutional
right to treatment and habilitation (68). Competent indi-
viduals have the right to refuse medication for psychiatric
conditions, although such medication may be forcibly
administered in an emergency situation. In the case of
persons who are ruled incompetent to stand trial, antipsy-
chotic medication may be forcibly administered, consis-
tent with due process (69).

The law governing electroconvulsive therapy (ECT) in
most states is that before ECT can be administered, the in-
dividual, when competent, must give knowing and volun-
tary consent. In one case, a court honored the declaration
of a patient, made prior to her incapacity, withdrawing her
consent to further ECT (70). (See Chapter 28 for discussion
of ECT.)

The United States Supreme Court has established a
restrictive institutional liability standard. Generally, for
liability to be imposed, it must be demonstrated that a
“substantial departure from accepted professional judg-
ment, practice, or standards” occurred (71). A federal
court in Pennsylvania has held that the professional judg-
ment standard should be applied in an action brought by
the U.S. Department of Justice under the Civil Rights of
Institutionalized Persons Act (CRIPA). The Department al-
leged that residents of an institution for persons with
mental retardation were deprived of adequate basic and
medical care and were unduly restrained. The court found
that most of the institution’s practices, while not neces-
sarily the most desirable practices, did meet minimal con-
stitutional requirements (72).

DOCUMENTATION

Individuals with neuropsychiatric disabilities or their
parents or guardians seek evaluations for a variety of rea-
sons. Increasingly, evaluations are sought to determine eli-
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gibility for benefits, services, or accommodations under a
number of laws. Documentation of the disability is vital to
establishing eligibility. Ordinarily, documentation is based
on history, testing, and personal interview and medical
examination.

Components of Documentation

History
Compilation of a personal history can be of critical im-
portance in making well documented diagnoses and rec-
ommendations. The following areas ordinarily should be
considered:

■ Obstetrical history
■ Developmental history
■ Medical history
■ School history
■ Family history

The patient and his or her family are an essential
source of information. However, when disorders such as
ADHD and learning disabilities and other psychiatric dis-
orders are at issue, the individual’s early family and
school experiences may be highly relevant from a clinical
viewpoint. When possible, interviews with family mem-
bers, schoolteachers, and medical advisers can be invalu-
able in confirming the existence of these disabilities.
Additionally, school and medical records can provide im-
portant information.

Testing
The purpose of IQ testing is to measure intelligence.
Psychoeducational testing is undertaken to assess the indi-
vidual’s proficiency in performing academic tasks, and
neuropsychological testing is undertaken to assess the func-
tioning of relevant brain regions.

Results from prior testing can be useful. However, be-
cause certain disorders, such as ADHD, may lessen in sever-
ity or impact with age, a childhood diagnosis of ADHD
may not in itself be persuasive when one is attempting to
document an adolescent or adult case of that disorder. Sim-
ilarly, some learning disabilities may have a lessened im-
pact in adulthood because of compensations developed
over the years and the greater freedom adults have in se-
lecting activities that are a good match. Therefore, in order
to be persuasive, the testing and evaluations undertaken
should be recent enough to be clearly relevant to the indi-
vidual at his or her present stage of life. Recent testing and
a prior record of these disabilities are, when occurring to-
gether, highly persuasive.

The same is true of school records. A record of accom-
modation in elementary school, by itself, is probably in-
sufficient evidence to establish the existence of an adult
disability and entitlement to accommodations. When
combined with results from recent testing, however, such
a record is highly persuasive.

Personal Interview/Medical Examination
The patient is, of course, the focus of the evaluation. The
personal interview and medical examination are of funda-
mental importance in arriving at well-documented diag-
noses and recommendations. (See Chapters 3 and 4.)

Sufficiency of the Documentation

Determining how much testing and evaluation is enough
is a matter of professional judgment and depends on the
use to which the results will be put. At one end of the
spectrum is the individual who has sought testing to gain
self-knowledge and treatment recommendations. In such
a case, the amount of documentation is simply that which
a responsible medical practitioner would require in order
to make a diagnosis, prescribe medication, and select ap-
propriate additional treatment. At the other end of the
spectrum is the individual with disabilities who has
sought testing in connection with the assertion of a legal
right. A school or employer might be resistant to the re-
quest for accommodations or services. Probably the best
strategy is to proceed on the assumption that the individ-
ual may one day desire to request accommodations or
services, even if they are not needed now, and to provide
appropriate documentation.

Reasonableness of the Documentation

Determining the amount and type of documentation that
is reasonable is a medical and legal exercise. The medical
professional documenting a neuropsychiatric disability
may have to function both as a scientist and as an advocate.
Essential medical terms in documentation and their corre-
sponding legal terms under the Rehabilitation Act and the
ADA are presented in Table 32.1. Testing, observation,
medical examinations, and interviews support the diagno-
sis. When the purpose of the diagnosis is to assist an indi-
vidual in obtaining services or academic adjustments in
school or accommodations in the workplace, the diagnosis
must also support the legal finding that the patient is
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TABLE 32.1
MEDICAL–LEGAL TRANSLATOR

Medical Legal

Diagnosis � Impairment
Impact � Substantially limits a major life activity 

compared to the average member 
of the population, considering all
the beneficial and negative effects
of strategies, coping mechanisms 
and medication

Recommendations � Reasonable accommodations for 
an otherwise qualified individual
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“otherwise qualified” (although this is presumed in public
elementary and secondary school) and is an “individual
with a disability” as those terms appear in the law.

As a practical matter, then, the medical practitioner must
“document” the patient’s disability by presenting that
amount of evidence necessary to persuade the individuals
with whom the practitioner is dealing, or, in the event that
more formal proceedings become necessary, by proving en-
titlement by “a preponderance of the evidence.” This legal
language means essentially that the practitioner’s evidence
must be more convincing than that of his or her “oppo-
nent.” Since the practitioner can never know for certain
when he or she will be called on to support the patient’s
case with testimony, the documentation should be devel-
oped with care.

The practitioner may testify as an expert witness. Under
the Federal Rules of Evidence, he or she may be “qualified as
an expert by knowledge, skill, experience, training, or edu-
cation” to do so (73). As such, the practitioner may offer
testimony concerning “scientific, technical, or other spe-
cialized knowledge,” provided that it will “assist” the judge
or jury “to understand the evidence or to determine a fact
in issue” (74). The practitioner’s opinion may be based on
“facts or data in the particular case,” which are “those per-
ceived by or made known to” the practitioner “at or before
the hearing.” The “facts or data need not be admissible in
evidence” if they are “of a type reasonably relied upon by
experts in the particular field in forming opinions or infer-
ences upon the subject” (75).

Documentation of the Disability in a Report

Elements of Documentation
Using as an example the Rehabilitation Act and the ADA,
we noted that persons with impairments that substantially
limit a major life activity are considered “individuals with
disabilities” under those laws. To obtain their protections,
an individual may be required to document his or her dis-
ability. There are three basic elements to proper disability
documentation: (1) diagnosis, (2) impact evaluation, and
(3) recommendations.

A diagnosis is what its name suggests: an authoritative
opinion by one qualified to assert it, concluding that a
specific disability is present. Legally speaking, the diagno-
sis also establishes the existence of an impairment under
the Rehabilitation Act and the ADA. Some courts appear
to prefer diagnoses that refer to the current edition of the
American Psychiatric Association’s Diagnostic and Statisti-
cal Manual of Mental Disorders, now in its fourth edition
(DSM-IV) (76).

An impact evaluation demonstrates how the diagnosed
impairment affects the individual. Legally speaking, it must
show that in the individual case the impairment substan-
tially limits a major life activity, such as learning or working,
compared to the average member of the population. It
must consider the positive and negative effects of pros-
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thetic devices, medications, and compensatory strategies
employed by the individual, together with an assessment
of the impact of the impairment on the individual’s day-
to-day tasks. In this regard, it must also address the ques-
tion of whether and to what extent the impairment was
life long.

Recommendations suggest reasonable accommodations
appropriate for the individual.

The Report
The professional’s findings are set forth in a report, which
usually consists of at least three sections:

■ Introductory material
■ Fact section (describing history, interview, medical

examination, and testing)
■ Opinion section (setting forth diagnosis, evaluation of

impact, and recommendations)

Some Dos and Don’ts
The medical professional’s report is central to the patient’s
future. A well-supported and well-reasoned report can
persuade the school, college, or employer with which the
practitioner is dealing. The report can make further advo-
cacy and litigation unnecessary. A poorly reasoned and
unsupported report can lead to a refusal to grant the pa-
tient’s request and may increase the chances of a dispute
and possibly litigation. Here are a few common errors to
avoid.

■ Writing the report for the wrong purpose. A patient may
want an evaluation and report for (1) self-knowledge,
(2) the development of skill-building strategies or com-
pensatory strategies, or (3) requests for benefits, services,
or reasonable accommodations. It is important that both
the practitioner and his or her patient know which pur-
pose is intended.

■ Including inaccurate information to avoid offending the pa-
tient. Accuracy can be painful. As a compassionate pro-
fessional, the practitioner may want to minimize the
severity of a disorder so that the patient will not feel dis-
couraged. Such kindness can be harmful, however. In
one case, a competent psychologist, having concluded
that an auditory processing problem lay at the root of a
patient’s academic problems, hastened to add that no
learning disability was present. This comment was as
harmful as it was kind, for the report suggested that cer-
tain of the patient’s academic problems did not result
from a disability. Consequently, the university in ques-
tion had no duty to provide certain of the reasonable ac-
commodations requested.

■ Providing raw data with no explanations. When writing a re-
port dealing with benefits, special education, services, or
reasonable accommodations, the practitioner is writing
for a legal as well as a scientific purpose. The practitioner
should remember that his or her medical conclusions
support corresponding legal conclusions, as shown in
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Table 32.1. Thus, the practitioner must explain the sig-
nificance of the raw data in terms of the purpose of the
report.

■ Including irrelevant information. A report written for the
development of personal strategies must necessarily focus
on those strategies. An emphasis on those strategies may
not be appropriate in a report in the which the purpose
is to discuss reasonable accommodations. A discussion
of certain personal strategies may mistakenly convey the
impression that reasonable accommodations would not
be necessary if more effective personal strategies were
followed. The use of effective personal strategies is not
required by law; provision of reasonable accommoda-
tions is so required.

■ Using an obsolete edition of a textbook or test. The practi-
tioner should be sure that he or she cites to the most cur-
rent edition of the Diagnostic and Statistical Manual of
Mental Disorders and uses the most current edition of the
tests he or she administers. At best, the use of an earlier
edition or of superseded texts or tests can sharply dimin-
ish the credibility of one’s work; at worst, it could, under
certain circumstances, constitute malpractice. In a North
Carolina case, for example, a psychologist’s professional
license was revoked for a number of professional defi-
ciencies, including that in one case his professional opin-
ions were based on test results from an obsolete (and
inappropriate) intelligence test (77).

■ Misjudging when legal advice is appropriate. An attorney’s
advice often is not necessary. However, when the practi-
tioner is uncertain as to whether the report is legally suf-
ficient, or when he or she anticipates opposition to the
recommendations in the report, legal complications are
probable, and the patient may benefit by consulting with
an attorney.

Confidentiality

Confidentiality may be a major concern for individuals
with disabilities. There are several sources of requirements
that define when and on what terms confidential informa-
tion must be protected. Generally, information is public
unless its dissemination is prohibited by one or more of the
following:

■ Contract
■ Constitutional law
■ Statutory provisions and their implementing regula-

tions
■ Court decisions

Of these, two that are important for pediatric neuropsy-
chiatrists are contractual agreements and state law statutory
provisions applicable to the practice of neuropsychiatry in
a particular state.

Arrangements with patients and their families as to con-
fidentiality should be clear and, of course, adhered to in a
professional manner.

States have laws that require confidentiality for infor-
mation furnished to certain professionals. These laws
carry with them criminal penalties for unauthorized dis-
closure. Violations, by professionals, of these laws may
also be punished by suspension or revocation of profes-
sional licenses. Each state has its own definition of the
classes of professionals whose patient–client communica-
tions are considered privileged. Virtually all states recog-
nize as confidential communications made to clergy,
medical doctors, and lawyers. Psychologists are frequently
also included. However, professionals who are not listed
in the statutes of a particular state but who perform func-
tions similar to those of listed professionals may not be
covered. Thus, in Thompson v. State (78), the court held
that communications made to a “crisis intervention
specialist” were not protected under a statute creating a
psychotherapist–patient privilege.

The psychotherapist–patient privilege is not absolute.
Cases have upheld the duty of a psychiatrist, when the
patient is a danger to another, to use reasonable care to pro-
tect an intended victim. The privilege did not block en-
forcement of subpoenas issued to psychiatrists during an
insurance fraud investigation in which the requested infor-
mation pertained to patient identities and treatment
lengths (79).

Federal laws provide confidentiality protections for chil-
dren and adults with disabilities. The IDEA provides for
confidentiality of school records concerning students with
disabilities (80). Regulations provide that these records
may be retained permanently by the school unless the par-
ents request that the records be destroyed. The only records
that need not be destroyed following such a request are the
student’s name, address, and telephone number; grades; at-
tendance record; grade level completed; and year com-
pleted (81).

At the college level, the IDEA does not apply, but pro-
tections are provided by the Family Educational Rights
and Privacy Act (FERPA), also known as the Buckley
Amendment, which was passed in 1974. It affords stu-
dents the right to have access to their educational records,
requires their consent to release of records to third parties,
and allows them to challenge information in their
records. The FERPA applies to all colleges that receive fed-
eral funds. However, FERPA can no longer be enforced by
private law suits. The Supreme Court has ruled that the
states have not agreed to liability for suits by private par-
ties to enforce the confidentiality provisions of the Family
Educational Rights and Privacy Act of 1974 (20 U.S.C. §
1232g; FERPA (81a). (See Gonzaga University v. Doe
(2002)) (82). The only remedy left for disappointed stu-
dents and their parents are the administrative remedies
available from the Department of Education.

Statutes and regulations establish rules of general appli-
cability. On a showing of necessity, courts may authorize or
prohibit the release of records based on the factual necessi-
ties of the case.
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SUMMARY

The task of the medical professional has broadened in re-
cent years to include advocacy on behalf of patients who
wish to use medical information to support legal claims. To
accomplish this purpose, the medical professional must un-
derstand, in general terms, what legal elements have to be
proven, how the medical facts may assist in this demonstra-
tion, and what information should be contained in the files
of patients who are asserting legal claims and may therefore
be subject to disclosure in the course of potential litigation.
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N-acetyl aspartate (NAA), 201, 269
acetylcholine, 637
achaete-scute (XASH-3) gene, 6, 9
Achenback Child Behavior Checklist, 171
Achenback Teacher Rating Scale, 216
achievement tests, 45
acquired brain injuries, 231
acquired epileptiform aphasia, 68, 122,

463–464. see also Landau-Kleffner
syndrome

action selection, psychopathologies, 89
activation/switching, 604, 609, 612
active sleep, 35
activity levels, 33, 33, 41
acute disseminated encephalomyelitis,

389
acute dystonic reactions, 432
acute lymphoblastic leukemia, 578
acute stress disorder, 287–288
acute subdural hematomas, 528–529
adaptive behavior

after traumatic brain injuries, 535
assessment of, 704–705
behavioral therapy and, 689
description, 34
family, 696–698
functional instructional strategies,

706–707
school success and, 45

Adaptive Behavior Assessment System-Second
Edition (ABAS-II), 703, 704

adaptive development, 39–42

adaptive functioning
assessment of, 152
in blind children, 402
tests of, 81

Adderall, 613, 617
adenoma sebaceum, 15
adenosine deaminase (ADA) deficiency,

682
adenotonsillectomy, 369, 371
adenylosuccinase deficiency, 128
adjustment disorder with anxiety, 288
adolescence

acetylcholine levels, 591
brain maturation, 101
cognitive development, 46
development during, 45–47
drug use, 322
emotional development, 47
neurodevelopment, 45–46
pharmacodynamics during, 590
physical development, 45–46
socialization in, 46–47
stages of, 45
tasks of development, 47

adolescents
alcoholic, 324–325
with bipolar disorder, 264
blindness in, 398
common drugs used by, 328–330
depression and, 266
dyslexic, 351
electroconvulsive therapy in, 656–658,

659
insomnia, 377
neuropsychiatric assessments, 49–73
normal anxiety, 286
patters of substance use, 328

adrenocorticotropic hormone (ACTH),
296

adults
brain weight, 49
children compared with, 49–50
dyslexic, 351–352
EEG activity, 137
ERP waveforms, 138

affective disorders, 655
affective switching, 604
age factors, TBI recovery, 531
age-related brain atrophy, 332
Agency for Healthcare Research and Qual-

ity (AHRQ), 591
aggressive behaviors, 332, 391, 623
agoraphobia, 291
Ainsworth, Mary, 39
alarm, mature CNS, 293

Albertsons, Inc. v. Kirkingburg, 718
alcohol idiosyncratic intoxication, 330
alcohol use

acute effects, 328, 330
in adolescence, 47
maternal, ADHD and, 229

alcohol use disorders (AUD)
age-related brain atrophy and, 332
brain activation in, 325
chronic effects, 330
community studies, 321
long-term effects, 331

alcoholism, 325, 717
alertness, biological rhythms, 367
Alexander, Duane, 347
Alexander v. Sandoval, 716, 720
alexia, neuroimaging in, 354
all-terrain vehicle injuries, 526
allelic heterogeneity, 673
Alliance of Genetic Support Groups, 680
alpha-2-agonists, 635–636
alpha activity, EEG, 137
alpha-melanocyte stimulating hormone,

308, 308
alpha methyl tyrosine, 173
alpha values, EEG, 142
alternate-treatments design, 692
alternating hemiplegia of childhood, 128
Alzheimer’s disease, 673
amantadine, 538
amblyopia, 488
American Academy of Child and Adoles-

cent Psychiatry (AACAP)
on electroconvulsive therapy, 661
guidelines for pediatric depression, 272
mood disorder evaluations, 264
schizophrenia practice parameters, 205

American Academy of Neurology, 77, 196
American Academy of Pediatrics, 371
American Academy of Sleep Medicine,

371
American Association on Mental Retarda-

tion, 151, 703–704
American Psychiatric Association, 661
American Sign Language, 413
American Thoracic Society, 371
Americans with Disabilities Act, 715, 716,

717, 719
amino acid disorders, 432
amnesia

Children’s Orientation and Amnesia
Test, 509, 517

electroconvulsive therapy and, 665
posttraumatic, 508–509, 516, 520, 530

amnionic membranes, 4
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amphetamines (AMPHs)
acute effects, 330
long-term effects, 331
mechanism of action, 614
for narcolepsy, 374
neuropsychopharmacology, 612–615
side effects, 441

amygdala
dysfunction in MDD children, 268
fear and, 142
function, 294–295
hypometabolism of, 123
maturation, 104
substance abuse and, 332–333
in Turner syndrome, 165

anabolic steroids, 331
aneuploidy, 673
Angelman’s syndrome, 166, 168, 189, 677
anger

control poststroke, 391
in toddlers, 41

angiofibromata, facial, 14–15
angiography, 389
angular gyrus, 354
anorexia nervosa

assessment, 311–312
atypical antipsychotics in, 631
in children with DS, 159
clinical features, 311–312
course, 311
diagnosis, 308, 308
epidemiology, 308–309
etiology, 308–309
neurobiology, 309–311
prognosis, 311
treatment, 312
types, 308

antecedents, 692, 702
anterior cerebral artery, 25
anterior communicating arteries, 25
anticipation, phenomenon of, 678
anticipatory worry, 292
anticonvulsant medications

clinical pharmacology of, 621–622
neuropharmacology, 619–628
neuropsychopharmacology, 636

antidepressant medications
adverse effects, 608–609
in bulimia nervosa, 316
clinical pharmacology, 606
drug interactions, 609
electroconvulsive therapy and, 661
novel, 606, 606–607
overdoses, 609
patient monitoring, 608
psychopharmacology, 592–612
suicidal behavior and, 603–604

antiepileptic medications, 594
antihistamines, 377
antiphospholipid syndrome-related

chorea, 435
antipsychotic medications

clinical pharmacology, 630
initiation, 631–632
interactions, 634
maintenance, 632
monitoring, 632

neuropsychopharmacology, 628–629
overdoses, 634
safety, 632–634
supporting evidence, 593–594

antisocial behaviors, 455
anxiety

after frontal lobe damage, 295–297
antidepressants in, 607
assessment, 298–300
clinical implications, 297
definition, 285
normal developmental, 286
perinatal factors and, 296
treatment, 298–300

anxiety disorders, 285–305
in ADHD patients, 218
anorexia nervosa and, 311
atypical antipsychotics in, 631
bulimia nervosa and, 315
comorbidities, 289
course, 290–291
diagnosis issues in, 289
drug-induced, 288
due to general medical condition, 288
dyslexia and, 353
epidemiology, 290
gabapentin in, 627
genetic factors, 291, 292–293
medication dosages, 635
mood disorders and, 264, 265
neurobiology, 291–293
not otherwise specified, 289
poststroke, 391
presentation, 285–286
randomized controlled trials, 602
resources for families, 299
response to fearful faces, 269
secondary to neurological illness,

289–290
SSRI trials, 601
SSRIs in, 598
substance abuse and, 331–332, 332
tricyclic antidepressants in, 610
velocardiofacial syndrome and, 170

Anxiety Disorders Interview for Children,
298

Apert’s syndrome, 371
apoptosis, 19–20
appearance

in Angelman syndrome, 189
asymmetry, 64
atrophy, 64
attachment process and, 38
in Down syndrome, 157–158
in mental status exams, 54
Williams syndrome, 160, 189

appendicular ataxias, 64
approach—withdrawal, 33, 33–34
apraxia, 83
aprosody, 59
aripiprazole, 629
arithmetic, 164
arousal, 222, 293, 367, 379
arrhinencephaly, 20
arteries, development, 25–26
arteriovenous malformations, 389
Asperger syndrome, 76

Asperger’s disorder, 196
assessments

of adolescents, 49–73
intervention linkage with, 706
neuropsychiatric, 49–73
patterns of performance, 89–91
“process”-oriented, 77
validity of test scores, 86–87

asymmetric tonic neck reflex, 37
ataxias

cerebellar function and, 64
gaits, 68
symptoms, 323

atomoxetine, 232, 618–619
ATP7B gene, 442
attachment

beginning stages, 38
behavioral therapy, 689
development phases, 39
in infancy, 38–39
patterns, 39
school, 31
theories, 32, 38–39

attention
alcohol use and, 330
in children of addicts, 323
children of alcoholic parents, 324
in children with DS, 159
in deaf children, 414
deficits after traumatic brain injury, 533
divided, 85
epilepsy and, 472
in mental status exams, 54
in preterm children, 489
selective, 220
spans, 33, 34
“sticky fixation,” 162
sustained, 85
tests of, 85, 85
voluntary, 220

attention deficit-hyperactivity disorder
(ADHD), 215–241

absence seizures and, 460–461
after traumatic brain injury, 533
ages of onset, 217
antidepressants in, 607
anxiety disorders and, 289
ASD and, 203
assessment, 85
atomoxetine, 618–619
attention/executive function in, 76
basal ganglia and, 428
bipolar disorder and, 265, 276
chromosome 15 and, 357
comorbid disorders, 218–219
diagnosis, 215–225
dyslexia and, 353, 358
epidemiology, 215
etiology of, 229–231
family stress and, 697
forms of, 229
gender, 217–218
genetics, 229
hearing loss and, 416
impulse control and, 617
learning disabilities and, 79
in meningomyelocele, 557
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motor performance, 223
neuroimaging studies, 223–224
neurology of, 219–223
neurotransmitter function and,

224–229
pharmacogenomic approaches,

233–234
poststroke, 391, 392
preterm children and, 490
psychosocial factors, 231
randomized controlled trials, 614–615
sleep-disordered breathing and, 370
stimulants in, 614, 616
substance abuse and, 324
subtypes, 215–225
therapeutic drug monitoring in, 591
Tourette’s syndrome and, 438
treatment, 231–234
tricyclic antidepressants in, 610
velocardiofacial syndrome and, 170

attention/executive function testing, 57
audiometric testing, 68
auditory brainstem evoked responses, 68
auditory deprivation, 414
Auditory Discrimination in Depth (ADD),

359
auditory-event related potentials, 350
auditory spatial discrimination, 399
auditory system, 489
auditory (VIII) nerve, 411
auras, 454
autism

Asperger syndrome and, 76
blindness and, 404
Cohen syndrome and, 191
ERPs in, 144–145
functional neuroimaging, 121–122
stimulants in, 615
tryptophan metabolism in, 122

Autism Diagnostic Interview-Revised
(ADI-R), 77, 197

Autism Diagnostic Observation Schedule
(ADOS), 77, 197

Autism Screening Questionnaire, 198
autistic-spectrum disorders (ASDs)

anticonvulsants in, 623–626
antidepressants in, 607–608
behavioral patterns, 703
behavioral treatment, 202
bowel disease and, 201
childhood-onset schizophrenia and,

204–205
course and mortality, 203
description, 195–203
DMA-IV-TR criteria, 196–197
educational treatment, 202
etiology, 198
in fragile X syndrome, 155
genetics, 201
medications, 202–203
neuroanatomy, 199–200
neurofunctional findings, 200–202
neuropsychiatric aspects of, 195–203
neuropsychological findings, 198
SSRIs in, 600–604
vaccinations and, 201

autoimmune disorders, 230

autosomal dominant inheritance, 672
autosomal recessive inheritance, 672
autosomes, 673
awareness of time, 222–223
axillary freckling, 68
axonal injury, 517
axons, pathfinding, 22–23

B
Babinski sign, 66
baclofen, 440
bacterial meningitis, 411
ballism, 433, 435–436
barbiturates, acute effects, 330
Barnes v. Gorman, 716
Baron-Cohen, Simon, 198
basal ganglia

functional anatomy, 425–428
interactions, 426
loops, 428
maturation, 104
neurotransmitters, 425
PET scan, 117
in Rett syndrome, 128

basic fibroblast growth factors (bFGFs),
18, 19

basic helix-loop-helix (bHLH), 5
basilar artery, fetal, 25
Bayley Scales of Infant Development

(BSID), 54, 55, 80, 81
bedtime routines, 377
Beery-Buktenica Developmental Test of

Visual-Motor Integration, 83
Behavior Assessment for Children (BASC),

391
behavior management strategies

for ADHD, 232–233
in ASDs, 202
behavioral interventions, 685–699
consistency in, 692
efficacy in children, 686–688
in traumatic brain injuries, 539
treatments, 692–693

behavioral activity levels, 324
behavioral assessment, 692

observation and, 695–696
summary, 696

Behavioral Assessment System for Chil-
dren (BASC), 575

behavioral development, 35
behavioral inhibition, 141–143
behavioral interviews, 695
behavioral landmarks, 111
behavioral psychology, 690–691
behavioral psychotherapy, 687
behavioral states, newborn, 37
behaviors

assessments, 692
attachment process and, 38
brain and, 79–86, 104–105, 703

benign hereditary chorea, 435
benign occipital epilepsy, 459
benign rolandic epilepsy, 458–459
benzodiazepine receptors, 115, 407
benzodiazepines

acute effects, 330
electroconvulsive therapy and, 661

for essential tremor, 430
GABA receptors and, 295
for Huntington’s disease, 434
for Landau-Kleffner syndrome, 464
neuropsychopharmacology, 634–635
substance use and, 335

benztropine, 432
Bergman glial cells, 21
beta blockers, 636
beta-thalassemia, 681
bicycle accidents, 522, 524, 526
bilateral symmetry, 6
binaural pathways, 412
binge-eating behaviors, 312
biological clocks, 367
biotin, 5
bipolar disorders

ADHD and, 218, 276
in adolescents, 264
atypical antipsychotic agents in,

629–630
in children, 264
neuroimaging studies, 268–270
SSRIs in, 604
treatment, 274–276
velocardiofacial syndrome and, 171

Birmingham Board of Education, Jackson v.,
720

birthweights, 482. see also extemely-low
birthweight (ELBW) infants; low
birth weights; very-low birthweight
(VLBW) infants

blackout phenomena, 330
blastocoel formation, 4
blastomeres, 4
blastopores, 4
blastulation, 4
Bleuler, Ernst, 205
blindness

autism and, 404
behavioral consequences, 400–401
behavioral interventions, 406, 406
circadian rhythms and, 400
definition, 397–398
developmental consequences, 

400–401
incidence, 398
maladaptive behaviors and, 404–405
need for treatment, 405–406
neuroanatomy of behavior and,

403–404
neurophysiological changes, 399
psychopathy in, 405
psychopharmacology, 407–408
psychotherapeutic interventions,

406–407
“blindsight,” 404
blood-brain-barrier, 660, 682
blood oxygen level-dependent (BOLD)

echo planar imaging, 109
BMP4 gene, 13
body images, 47, 310
body size, brain size and, 98
bonding, beginning stages, 38
botulinum toxin, 433, 435, 440–441
bowel dysfunction, 556
brachycephaly, 67
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Bracken Basic Concept Scale-Revised, 81
Braille, recognition, 399
brain

in bulimia nervosa, 314
contusions, 526
cortical hypometabolism, 117, 117
determinants of size, 99–100
development, 158, 483
early severe socioemotional depriva-

tion and, 123
electrophysiology during development,

135–148
fMRI during development, 109–110
follow-up of preterm deliveries,

486–487
glucose utilization, 111–114
hemorrhages, 484, 485
hypoxic-ischemic injury, 123–124
imaging during development, 97–107
intelligence and, 98
ischemic injury, 528
maturational changes, 101
microvascular development, 25–26
morphometry, 100
normal development, 110–111
pathologies, 51
plasticity, 487
prenatal injury, 483
sleep states, 366
spinal cord and, 9
substance abuse and, 332–333
temporal profiles of pathologies, 51
vascular development, 25–26
weight in infants, 49
in Williams syndrome, 162

brain-behavior relationships, 79–86,
104–105

assessment, 87–91
developmental assessments, 79–81
general intelligence assessments, 79–81

brain-derived neurotrophic factor
(BDNF), 13, 20, 228, 267

brain injuries. see also acquired brain in-
juries; traumatic brain injuries

ADHD and, 231
behavioral patterns, 703
Functioning After Brain Injury (FABI),

705
mood disorders and, 270
secondary, 527

brain swelling, 527–528
brain tumor survivors

educational attainment, 576–577
employment, 577
long-term effects, 578–579
marital status, 577
school functioning, 576–577
social functioning, 576
special educational services, 576

brain tumors, 565–586. 
see also neoplasms

cerebral hemispheric location, 567
classification of, 565–567
complications, 570–571
grades of, 565
localization, 568–569
midline location, 567

neuroimaging, 569
neuropsychiatric symptoms, 568
nonlocalizing signs, 566–567
posterior fossa location, 567–568
presentation, 566–569
psychosocial outcomes, 570–579,

572–574
survival rates, 566
treatment, 569–570

“brain warts,” 353
brainstem nuclei, 426
breath-holding spells, 469
brief auditory attentional capacity, 85
Brief Infant Neurobehavioral Optimality

Scale, 55
Brief Psychiatric Rating Scale, 205
British Sign Language, 413
Broca’s areas, 57, 349, 354
buccopharyngeal membrane, 5
bulimia nervosa

assessment, 315
clinical features, 315
course, 314–315
diagnostic features, 312–313, 313
neuroendocrine function in, 314
prognosis, 314–315
treatment, 315–316
types, 312

buprenorphine, 334–335
bupropion, 273, 336, 606–607, 609
buspirone, 635

C
cabergoline, 633
Caenorhabditis elegans, 23
café au lait spots, 68
cahexia, 312
Cajal-Retzius neurons, 4, 20–21, 24
calcium channel blockers, 637
calcium imbalances, 19
California Cerebral Palsy Project, 494
Canadian Pediatric Stroke Registry, 385,

392
Canavan’s disease, 128
cannabinoids, 440
cannabis (marijuana), 328, 330, 331, 333
carbamazepine

in aggressive behaviors, 623
in bipolar disorder, 275
birth defects and, 549
for blind patients, 407
in dyskinesias, 442
initiation, 624
interactions, 625–626
monitoring, 624
in mood disorders, 620, 623
overdose, 625
for paroxysmal dyskinesias, 441
pharmacodynamics, 620
pharmacokinetics, 620
side effects, 275, 624–625
for Sydenham’s chorea, 434
for temporal lobe epilepsy, 456

Carbatrol, 624
carbidopa, 376
cardiac anomalies, 163
cardiac arrhythmias, 312, 315

career plans, 47
carotid Amobarbital (Amytal) test, 110
Carskadon, Mary, 378
catalepsy, 372, 373, 375
cataracts, 633–634
catatonia, 655, 658
CATCH 22. see velo-cardio-facial 

syndrome
catecholamine-O-methyl transferase

(COMT), 228, 267, 291, 292, 429
catecholamine-O-methyltransferase

(COMT) gene, 170
Cattrell Infant Intelligence Scale, 55
Cattrell Infant Intelligence Test, 54
caudate nuclei, 104, 172
cause-and-effect relationships, 41
Celexa (citalopram), 273, 592, 594
celiac disease, 230
cell-cell interactions, 22
cell death, 19–20
cell fates, tagging, 17
cell-substrate interactions, 22
Centers for Disease Control and 

Prevention, 603
Central Brain Tumor Registry of the

United States (CBTRUS), 565
central nervous system (CNS). see also

brain
aberrant connectivity pattens, 77
components, 9
development of malformation, 14
genomic disorders, 77
histogenesis, 3
medical disorders, 78
meningomyelocele-associated 

disorders, 553
motor examination and, 65
threat-response neurobiology, 293–294

central pontine myelinolysis. see osmotic
demyelination syndrome

cerebellar cognitive affective syndrome,
552

cerebellar hypometabolism, 117
cerebellar vermis, 117
cerebellum

coordination testing, 63–64, 64
derivation, 9
growth of, 36
vascular development, 26

cerebral cortex, 21, 426, 427
cerebral/cranial ratios, 314
cerebral dysgenesis, 494
cerebral hypotonia, 65
cerebral palsies

choreoathetoid/dystonic form, 124,
125

classification, 492, 493
cognitive implications, 499
definitions, 492
evaluation algorithm, 497
incidence, 492–493
initial diagnosis, 496–497
laboratory tests, 498
medical management, 499–500
neonatal markers for, 496
neuroimaging, 495
pathogenesis, 494, 496
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prematurity and, 481–505
prenatal brain injury and, 483
prevalence, 492–493
prognosis for motor function, 

498–499
psychosocial issues, 499
quadriplegia, 494
reflex development in, 69
risk factors, 493, 494, 496, 496
spastic, 492
spastic diplegia, 125

cerebrospinal fluid (CSF)
age and volume of, 100
hydrocephalus and, 550

cerebrovascular disease, 50, 124–125
cerebrum, 25-week fetus, 18
ceroid lipofuscinoses, 437
ceruloplasmin, 443
Charcot-Marie-Tooth disease, 25
chelating agents, 443
chemotactic interactions, 22
chemotherapy, 570, 581
Chess, Stella, 33
Chiari malformations, 551, 551
chick embryo, 3-day, 8
chief complaints, 51–52
child abuse and neglect

assessment algorithm, 529
ERP responses in, 145
injuries, 526
postnatal bonding and, 38
shaken baby syndrome, 528–529
traumatic brain injuries, 522, 525

Child Behavior Checklist, 455, 490, 
537

child development
adolescence, 45–47
developmental stages, 35–42
middle childhood, 46
play and, 43
preschool years, 44
structural theories, 32
theories, 31–32
toddler years, 39–42, 42

Child Neurology Foundation, 392
Child Neurology Society, 196, 392
childhood absence epilepsy, 460–461
Childhood Autism Rating Scale (CARS),

198
Childhood Cancer Survivor Study, 576
childhood dementia, 465
childhood insomnia, 376–380
childhood-onset schizophrenia (COS),

203–209
assessment, 205
autism and, 195
diagnosis, 204–205
DMA-IV-TR criteria, 196
etiology, 206
genetic risks, 206
neuroanatomy, 207–208
neurophysiological findings, 206
statistical parametric mapping, 207
treatment, 208

children
compared with adults, 49–50
coordination testing, 64

cranial nerve examination, 62–63, 63
EEG activity, 137
electroconvulsive therapy in, 658–659
“goodness of fit” with parents, 34–35
neurological examinations, 53–54
neuropsychiatric assessment, 49–73
neuropsychological screens, 55–56
noncompliance rates, 591
pharmacodynamics in, 590–591
pharmacokinetics in, 589–590
presenting complaints, 75–76

Children’s Coma Scale, 508, 509
Children’s Global Assessment Scale 

(C-GAS), 205
Children’s Medication Algorithm Project

(CMAP), 272, 273
Children’s Orientation and Amnesia Test,

509, 517
Children’s Psychiatric Rating Scale

(CPRS), 205
Children’s Yale Brown Obsessive Compul-

sive Scale (CY-BOCS), 203, 298, 299
chlorpromazine, 628–629
Choice-Delay Tasks, 221
cholecystokinin (CCK), 296, 308, 308,

313
choline levels in MDD, 268
chorea, description, 433–436
choreiform gaits, 68
choreoacanthocytosis, 435
chorionic membranes, 4
chromosome 15 inversion-duplication

syndrome, 191
chromosomes, 673
chronic placental insufficiency, 483
chronic progressive epilepsia partialis

continua of childhood, 459–460
chronotherapy, 379
ciliary neurotophic factor (CNTF), 13
circadian rhythms, 367, 378, 400
circle of Willis, 25
citalopram (Celexa), 273, 592, 594
citicoline, 538
City of Cleburne, Texas v. Cleburne Living

Center, 719
civil commitment, 723
Civil Rights of Institutionalized Persons

Act (CRIPA), 723
classical conditioning, 691
claudin (CLDM5) gene, 170
cleavage, blastulation and, 4
Cleburne Living Center, City of Cleburne,

Texas v., 719
clinical genetics, 678–681
Clinical Global Impressions (CGI) scale,

299
Clinical Global Impressions scale, 203
CLOCK gene, 378
clomipramine (CMI)

in anxiety disorders, 610
for catalepsy, 375
in mood disorders, 596
in OCD, 300
tricyclic antidepressants in, 611

clonazepam, 436, 437, 440
clonidine, 203, 335, 377, 441, 635–636
clozapine, 202, 208, 275, 434, 634

Cnot gene, 6
Cnot (Xnot) gene, 10, 11
coagulation disorders, 386
cocaine, 328, 331, 332, 333
cochlea, 411
cochlear nuclei, 411
cocktail party syndrome, 557
Code of Federal Regulations, 721
cognition, psychopathologies, 89
cognitive behavioral therapy (CBT), 272,

298, 315
cognitive constructs, 88
cognitive deficits, 579, 580
cognitive development

in adolescence, 46
in blind children, 403
deafness and, 413–414
disorders of, 119–123
in mental status exams, 54
in middle childhood, 43–44, 46
preschool years, 42–43, 44
school success and, 44–45

cognitive function. see also intelligence
of children born prematurely, 488
electroconvulsive therapy and, 656
epilepsy and, 471–472
infant development of, 40
in meningomyelocele, 556–557
postconcussion syndrome, 532, 532
testing, 45, 80
in toddlers, 41, 42

cognitive school, 31, 32
Cohen syndrome, 191–192
cold intolerance, 311
colic, in early infancy, 36
collaboration, school-based, 706–709
Collaborative Multisite Multimodal Treat-

ment Study of Children with ADHD,
232

Collaborative Perinatal Project, 494, 495,
498

collaborative teamwork, 707–708
Colorado Family Reading Study, 356
column of Clarke, 9
commission errors, 223
commonalities among people, 33
communication skills

in cerebral palsy, 500
functional, 694
infant development of, 40
in meningomyelocele, 557
in middle childhood, 46
preschool years, 44
toddlers, 42

compensatory enhancement, 399
compensatory theory, 413
complex partial seizures, 457
computed tomography (CT)

anorexia nervosa studies, 309–310
brain tumors, 569
head, 69
traumatic brain injuries, 537

concentration, tests of, 85, 85. see also
attention

conceptualization, 47, 54
concrete operations period, 44
conditioned taste aversion, 691
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conduct disorders
in ADHD patients, 218
bipolar disorder and, 265
dyslexia and, 353
snoring and, 369
substance use disorders and, 323, 332

confidentiality, 726
congenital word blindness. see dyslexia
Conners’ Parent Rating Scale, 370
consent forms, 662
consequences, 692, 702
consistency, 692
constructional function, 83
constructional praxis, 62
contingencies, 690
continuation therapy, 664
continuous positive airway pressure

(CPAP), 371, 372
continuous spike and wave during slow

sleep (CSWS), 464–465
contrecoup injuries, 526–527
contusions, brain, 526
conversion disorder, 467
coordination testing, 63–64, 64
Cop-1, 538
copper accumulation, 443–444
corpus callosum, 102–103, 552
cortical discriminatory function, 62
cortical dysplasia, 453
cortical hypometabolism, 117
cortical hypoperfusion, 117
cortical injury, preterm children, 488
corticotrophin-releasing hormone (CRH),

293, 296, 308, 308
cortisol, 266–267, 296
Costello v. Mitchell Pub. Sch. Dist, 718
countra-coup injuries, 529–530
Couzon’s syndrome, 371
cranial nerve examination, 62–63
craniofacial anomalies, 371
craniofacial dysgeneses, 14
craniosynostosis, 67
cravings substance abuse/dependence,

326
criminal justice system, 722–723
crisis intervention specialists, 726
critical periods, bonding and, 38
Crohn’s disease, 163
crying, early infancy, 36
cryptorchidism, 555
cuddling reflex, 37
cystic fibrosis transmembrane regulator

(CFTR) gene, 682
cytochrome P450, 590, 595, 595, 605
cytogenetics, 70–71, 673
cytomegalovirus (CMV), 410

D
Davis v. Monroe County Board of Education,

720
daytime sleepiness, 370
deactivation of inhibition, 224
deafness

behavioral consequences, 412
definition, 408
developmental consequences, 412–416
hereditary, 409–410

psychopathology and, 416–417
psychosocial assessments, 417
psychotherapeutic interventions,

417–418
decentering, socialization and, 42
decentration stage, 41
deep brain stimulation, 433
deep tendon reflexes (DTRs), 64
dehydration, ischemic stroke and, 386
delay aversion, 221
delayed sleep phase syndrome (DSPS),

377, 378–379
Delta gene, 9–10
delta sleep, 367
delusions, in children, 204
Dement, William, 365
dementia pugilistica, 530
dementias

childhood, 465
Down syndrome and, 159

demyelination, 581
dendrites, 23, 158
dentatorubropallidoluysian atrophy, 435,

436, 678
Denver model, 202
2-deoxy-2[18F]fluoro-d-glucose (FDG),

110
depressive disorders

in ADHD patients, 218
after traumatic brain injuries, 535
anorexia nervosa and, 309
anxiety disorders and, 289
bulimia nervosa and, 315
characterization, 263
children with brain tumors, 570–571
in children with DS, 159
children with meningomyelocele, 559
in children with PWS, 167
dyslexia and, 353
electroconvulsive therapy and, 659
epilepsy and, 270–271
pharmacotherapy of, 272–274
psychotherapy of, 272
randomized controlled trials, 597
response to fearful faces, 269
separation anxiety and, 286
snoring and, 369
substance abuse and, 331–332

depressive stupor, 658
desensitization, systematic, 691
desipramine, 375, 610
deuterostomes, 4
development

delays, 71, 401–403
functioning, 81
histories, 52
normal, 3–30
during pregnancy, 35
of sight, 401
stages, 35–42

developmental coordination disorder
(DCD), 488

developmental dyslexia, 120, 120
developmental dysphasia, 120–121
Developmental Epidemiology Network,

494
developmental language disorder, 352

dexedrine, 276
dextroamphetamine, 231–232, 441
Di George syndrome. see velo-cardio-facial

syndrome
diabetes mellitus, 163, 276, 550
diagnosis, documentation of, 725
Diagnostic and Statistical Manual of Mental

Disorders, 704
Diagnostic Interview for Children and

Adolescents, 298
diagnostic overshadowing, 153
diagnostic presumption, 153
diagnostic testing. see also specific

diagnoses
in global developmental delays, 70
methods of inference, 87
use of, 69

dialectical behavior therapy (DBT), 272
diencephalic tumors, 568
diencephalon, gene expression, 11
differential reinforcement, 690, 693
diffuse axonal injury, 517
diffuse excessive high signal intensity

(DEHSI), 485
diffuse white matter damage, 485
diffusion tensor imaging (DTI), 110
dihydropteridine reductase deficiency, 681
dihydroxyphenylalanine (DOPA),

228–229
dimentias, obsessional slowness, 159
diphenylhydramine, 432
diplegic gaits, 68
diplopia, 567
disabilities

documentation of, 725–726
qualified individuals with, 717–719

disabling cerebral palsy (DCP), 488
discontinuation syndromes, 595
discrimination, freedom from, 719–721
disinhibition, substance use and, 327
disruptive disorders

antidepressants in, 608–609
mood disorders and, 264
SSRIs in, 600

distractability, 33, 34
distribution of drugs, 590
divalproex, 275, 276
Dix-1 genes, 11
DLX genes, 14
DNA sequencing, 670
documentation

common errors, 725–726
components of, 724
elements of, 725
legal issues, 723–726
reasonableness of, 724–725
sufficiency, 724

Doe, Gonzaga University v., 726
dopa-responsive dystonia (DYT5), 431
dopamine

in autism, 121–122
in the basal ganglia, 425
foot intake and, 307
memory and, 224
metabolism in autistic children, 200
restless legs syndrome and, 376
secretion during gestation, 24
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dopamine- and cAMP-regulated phospho-
protein of 32 kDa (DARPP-32),
227–228

dopamine agonist-responsive dystonia,
431

dopamine receptors, 230, 426
dopamine transporters, 268, 325
dopaminergic system, 224–226, 293–294,

325–327
dorsalizing gene, 6
dorsolateral prefrontal cortex (DLPFC),

104
Down syndrome (DS), 157–159

brain development, 158
genetics, 158
management, 159
neuroanatomical aspects, 158
neurocognitive profile, 158
neuropsychiatric disorders in, 159–160
sleep-disordered breathing and, 371
social-emotional development, 159
trisomy in, 673

downbeat nystagmus, 407
dreams, study of, 365
Drug Abuse Treatment Study for Adoles-

cents (DATOS-A), 335
drug-induced anxiety disorders, 288
drug interactions, 604–606. see also specific

drugs
antidepressants, 609
antipsychotic medications, 634
mood stabilizers, 625–626
stimulants, 617
tricyclic antidepressants and, 612

drugs
FDA approved, 593–594
noncompliance rates, 591
off-label dosing, 591
special populations, 591

drugs of abuse, 326, 333. see also specific
drugs

Duchenne’s muscular dystrophy, 371
Duke, Marshall, 392
dyscalculia, 82
dyseidetic dyslexia, 82
dyslexia, 345–363

categories, 82
cognitive features, 348–349
developmental language disorder and,

352
epidemiology, 347
evaluation of, 358–359
functional imaging, 120
gender differences, 347–348
genetic aspects, 356–358
linguistic features, 348–349
management, 359
neurobiology of, 353–356
presentation, 345–347
psychiatric comorbidities, 353
successful adults, 351–352
visual deficits and, 355–356

dysmetria, 64, 83
dysmorphic findings, 67
dysmorphic-genetic syndromes, 188–193
dysphonetic dyslexia, 82
dysphoria, in adolescence, 47

dyspraxia, 83
dysprosody, 59
dysrhythmic disorder, 263
dystonia musculorum deformans. see

DYT1 dystonia
dystonia-plus, 430
dystonia-plus syndromes, 431–433
dystonias, 429, 430–433, 433
dystonic storm, 430
dystrophen genes, 673
DYT1 dystonia, 431

E
early infancy, development, 35–38
eating behaviors, 307–308
eating disorders, 307–320, 598, 631–632
echolalia, 438
economic blindness, 397
Edison, Thomas, 365
education. see also Individuals with Dis-

abilities Education Act (IDEA)
functional instructional strategies,

706–707
interventions, 702–714
noncompliance and, 591
of parents, 688, 698

Education for All Handicapped Children
Act, 540, 715

EGR-1 gene, 10
EGR-2 gene, 13–14
Ekman facial recognition paradigm,

268–269
elastin gene, 160, 189
electroconvulsive therapy (ECT), 655–668

adverse effects, 664–666
cerebral effects, 665
cognitive effects, 665–666
consent forms, 662
electrical stimulus dosing, 663
electrode placement, 663
history, 655
indications, 660–661
legal rights, 723
legislation, 656
literature review, 657–657
maintenance treatment, 663–664
mechanism of action, 666
physiology of, 659–660
pretreatment evaluation, 661–662
procedure, 662–663
psychosocial issues, 666
side effects, 656
typical course of, 663

electrodes, application, 135–136
electroencephalograms (EEGs)

affective style and, 143
clinical applications, 140–143
data reduction, 136–137
developing brain, 135–148
diagnostic, 69–70
frontal, 142–143
in Landau-Kleffner syndrome, 463
limitations, 140
measures, 136–137
methodology, 135–140
synaptogenesis and, 23
in temporal lobe epilepsy, 454

electrolyte imbalances, 19
electromyography (EMGs), 70
embryogenesis, 4
embryology, development and, 3
embryonic disk components, 4
emotional development, 40–41, 43, 47,

165
emotional dysregulation, 35
emotional expression, 142–143, 188
emotional memory, 294–295
emotional regulation, 35
emotional school, 31, 32
emotions, 294–295, 532, 532, 535
EMX genes, 14
EN�2 mutation, 8
encephalitis, ADHD and, 231
encephalopathies, 436
endolymph, 411
endorphins, 24
energy balance, 308
engrailed (En-1 homolog) gene, 10
enkephalins, 24, 293
Ent (Engrailed) gene family, 11
enuresis, 610–611
environment

ADHD and, 231
adolescent substance use and, 327
child development and, 31–32
structuring of, 693

Environmental Risk Longitudinal Twin
Study, 347

ependyma, 15–16, 16
epiblast formation, 4
epidermal nevus syndrome, 15
epidural hematomas, 527
epigenetic hypothesis, 17
epilepsia partialis continua, 436
epilepsy

academic achievement, 470–471
ADHD and, 230
in Angelman’s syndrome, 189
in cerebral palsy, 500
childhood syndromes, 453–480
classification, 454
in Down syndrome, 158
electroconvulsive therapy and, 659
in fragile X syndrome, 188
functional imaging, 114–119
meningomyelocele and, 552
mood disorders and, 270–271
nocturnal seizures, 380
school factors, 470–471

epileptic seizures, 466, 466
epileptic syndromes, 454
episodic memory, 61, 161, 489
equestrian injuries, 526
Erb’s palsy, 64
erections, in meningomyelocele, 555
esotropia, 400
essential tremor, 430
estrogen replacement therapy (ERT), 

164
ethics, interventions and, 692–693
ethnicity, preterm deliveries and, 482
ethosuximide, 461, 464
euphoria, in adolescence, 47
euthymia, 658
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event-related potentials (ERPs)
adult waveform, 138
in autism, 144–145
clinical applications, 143–145
data reduction, 137–140
developing brain, 135–148
dyslexic infants, 350
limitations, 140
measures, 137–140
methodology, 135–140
in substance use disorders, 322–323

evidence-based medicine, 591–592
common medications, 593
critical reviews, 686–688
guidelines, 688
meta-analyses, 686–688

evoked potentials, diagnostic, 70
executive function

after traumatic brain injury, 533
assessment, 86
in children with ADHD, 223
in deaf children, 414
epilepsy and, 471–472
measures, 86
in meningomyelocele, 556–557
in mental status exams, 54

exposures, systematic, 691
expressive dysphasia, 57, 59
expressive language, 84–85
extemely-low birthweight (ELBW) infants,

481
extinction, 690, 694
extra-temporal lobe epilepsy, 114
eye-to-mouth time, 349
eyes, examination of, 67–68
Eysenck’s impulsivity scores, 222

F
faces

amygdalar responses, 142
dysmorphic features, 67
ERPs and, 144–145
recognition in fragile X syndrome, 

188
response in Williams syndrome, 145

facial affect recognition, 164
facial antiofibromas, 68
facial dysmorphism, 14, 157–158
Facial Recognition and Noncanonical

View tasks, 162
factitious disorders, 467–468
fading, reinforcement and, 690
fainting, anorexia nervosa and, 311
falls, 522, 523, 524
families, stresses on, 697
family adaptation, 696–698
family-centered care, 709–710, 710
Family Educational Rights and Privacy Act

(FERPA), 726
family histories, 52

assessment of anxiety, 298
associated abnormalities in, 676
clinical genetics and, 672–672
documentation, 724
of dyslexia, 356–358
genetic evaluation, 678–681
in genetic syndromes, 188

mood disorder management, 271
questionnaire, 52

family interventions, 696–698
family support groups, 680
family therapy, 312
fear, 142
“fear of the dark,” 377
feeding reflexes, 37
fenfluramine, 202
Ferber, Richard, 377
fetal alcohol syndrome, 229, 333
fevers, children with PWS, 168
fine motor skills

infant development of, 40
in meningomyelocele, 557
in middle childhood, 46
preschool years, 42, 44
toddlers, 42

Fisher, C. Miller, 50
flashback phenomena, 331
floor plate, ependyma and, 15–16
“floor time” program, 202
Florida Bd. of Regents, Kimel v., 719
flumazenil (FMZ), 115
fluorescent in situ hybridization (FISH)

analysis, 674, 675
fluoxetine (Prozac)

availability, 592, 594
in bulimia nervosa, 316
for catalepsy, 375
for depression, 336
efficacy, 598
in mood disorders, 596
for pediatric depression, 273
pharmacokinetics, 594, 595

fluphenazine, 440
fluvoxamine (Luvox)

in anxiety disorders, 300
in ASD patients, 203
availability, 592, 594
in childhood anxiety, 298
efficacy, 598
pharmacokinetics, 594, 594–595

FMR-1 gene, 678
focal dystonia, 430
focal motor seizures, 456–457
focal white matter damage, 484–485
Focalin, 613
folic acid, 550, 551
follicle-stimulating hormone, 309
food allergies, 378
Food and Drug Administration, 593–594,

603
food-seeking behavior, 167, 168
foot intake, 307
football injuries, 525
formal operational period, 46
FOXP2 gene, 357
fragile X-associated tremor/ataxia syn-

drome (FXTAS), 154, 678, 703
fragile X mental retardation protein

(FMRP), 154, 157
fragile X syndrome, 153–157

description, 188–189
epidemiology, 153
female carriers, 188
in females, 155–157

genetics, 153–154, 188
in males, 154–155
management, 157
morphometric differences, 156
neurocognitive profile, 154
neuroimaging studies, 156–157

French Sign Language, 413
Freud, Sigmund, 365
Frontal Assessment Battery (FAB), 54, 56,

58
frontal cortex, 111, 142
frontal lobe epilepsy, 114, 456–459,

457–458
frontal lobes, 54–57, 267, 295–297,

535–536, 568
frontal-subcortical motor circuit, 427, 427
frustration in toddlers, 41
full mutations, 678
functional assessments, 693, 696,

703–705
functional communication, 694
functional goals, 706
functional imaging, 119–123, 310–311,

314. see also functional magnetic res-
onance imaging (fMRI); functional
neuroimaging; neuroimaging

functional instructional strategies,
706–707

functional magnetic resonance imaging
(fMRI), 70, 99, 109–110

functional neuroimaging, 124–127,
200–201

functional studies, diagnostic, 69–70
Functioning After Brain Injury (FABI),

704, 705

G
G-bands, 673, 675
gabapentin, 275, 456, 626–628
gait assessment, 66–67
gait ataxias, 64
gaits, pathological, 68
galanin, 308
Galant reflex, 37
gallocyanin histochemistry, 24
galopentin, 539
Gambling Tasks, 221
gamma-amino butyric acid (GABA), 24,

167–168, 227, 295
gamma aminobutyric acid (GABA) 

receptor, 189
gamma-hydroxybutyrate (GHB), 374
Garcia v. S.U.N.Y. Health Sciences Ctr. of

Brooklyn, 719
gastrulation, 4
Gateway Hypothesis, 321
Gaucher’s disease, 682
gaze avoidance, 155
Gebser v. Lago Vista Independent School

Dist., 720
gender differences

anorexia nervosa and, 308–309
in dyslexia, 347–348
onset of puberty, 45
preterm deliveries and, 491
in toddlers, 41
Turner syndrome and, 163
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gene mapping, 671
gene therapy, 681–682
generalization, 691, 694
generalized anxiety disorder (GAD)

course, 291
description, 286–287
genetic studies, 292
interventions, 300
presentation, 286
SSRIs for, 598

genetic counseling, 678–681
genetic disease, 681–682
genetic distances, 671
genetic heterogeneity, 672
genetic imprinting, 677
genetic patterning disorders, 11–12
genetic syndromes, 188–193
genetics, history of, 669–670
genitourinary dysfunction, 556
germinal matrix hemorrhages, 485
germinomas, 567
Gerstmann syndrome, 61, 62
Geschwind, Norman, 347
Gesell, Arnold, 31
Gesell Developmental Schedules, 55
gestational age (GA), 481
gestational weeks (GW), 481
gestural prosody testing, 62
GFAP, 17
ghrelin levels, 168, 308
Gilliam Autism Rating Scale (GARS), 197
Gilmore Oral Reading Test, 61
Glasgow Coma Scale

Children’s Coma Scale and, 509
in grading injuries, 530
injury severity and, 520–521
traumatic brain injury and, 508

glial cells, 17–19, 99
glial-derived neurotophic factor (GNTF),

13
glioblastoma multiforme, 565, 567, 570
glioblasts, subventricular, 17
gliomas, definition, 565
Global Assessment of Functioning Scale,

218
global developmental delays (GD), 70, 77
glucocerebrosidase, 682
glucose utilization

in autism, 121–122
behavioral landmarks and, 111
brain, 111–114
in bulimia nervosa, 314
in cerebrovascular disease, 124–125
in DS, 159
infant brain, 112, 113
rate of, 112, 114
significance of changes in, 112–113

glutamate, 227, 425
glutaric acidemia, 432
glutaricaciduria type I, 128, 129
glycine, 295
Go-No Go tasks, 57, 156, 222, 223, 224
golf injuries, 525
gonadal dysgenesis, 163
Gonzaga University v. Doe, 726
“goodness of fit,” 34–35
goosecold gene, 10, 11

Gorman, Barnes v., 716
graphesthesia, 61
grasping reflex, 37
Gray, David, 347
gray matter. see also specific diagnoses

age and, 100
age-related changes, 101, 103–104
in childhood-onset schizophrenia, 207
cortical, 103–104
dyslexia and, 354
frontal, 103
parietal, 103
subcortical, 104
substance abuse and, 332
temporal, 103

Gray Oral Reading Tests, 59, 358
gross motor skills

blindness and, 402
infant development of, 40
in middle childhood, 46
preschool years, 44
toddlers, 42

group therapy, 271–272
growth hormone, 168
growth hormone deficiency, 556
growth parameters, 67
guanfacine, 203, 441, 635–636
Guilleminault, Christian, 365
gunshot injuries, 526
gyri, formation, 21

H
habituation, 38
Haemophilus influenzae type B, 411
hair cells, 411
Hallervorden-Spatz disease, 126
Hallervorden-Spatz syndrome, 443–444
hallucinations

in children, 204
hypnagogic, 367, 373
hypnopomic, 367

hallucinogens, 329, 331, 336
haloperidol

in ASD patients, 202
in childhood-onset schizophrenia, 209
hyperprolactinemia and, 633
for tics, 440

Halstead-Reitan Test Battery for Children,
76, 81

HAM-D, 661
Hamilton Anxiety Rating Scale (HAM-A),

298
handedness, 66, 98, 496
hands, in Down syndrome, 158
harm avoidance, 292
Haw River syndrome, 678
head circumference, 67, 199, 566
head shape, 67
head ultrasound, 69
headaches, 566, 568
health-related quality of life, 571, 575
Health Utilities Index, 575
Healthcare Products Regulatory Agency

(MHRA), 273
HealthyCHILD service, 706–707
hearing, evaluation of, 68
hearing aids, 412

hearing loss
characterization, 408–409
definition of, 408–409
etiology, 409
nonhereditary, 410–411
Turner syndrome and, 163

hearing system anatomy, 411–412
Hedgehog (hh) gene, 10
height, 98, 556
hemiballism, 436
hemidystonia, 391
hemimegalencephaly, 15, 118
hemiplegic gaits, 68
hemorrhages

brain, 484, 485
germinal matrix, 485
intacranial, 494
intracerebral, 124, 526
intraventricular, 124
Neonatal Brain Hemorrhage Study, 494
nonparenchymal, 484
parenchymal hemorrhagic infarction,

485
retinal, 528–529
VLBW infants, 486

Hensen’s node, 5, 10
herbal supplements, 595
hereditary deafness, 409–410
heredodegenerative dystonia, 432
herpes simplex vuris, 411
Hibbs, Nevada Department of Human Re-

sources v., 719
high-resolution chromosome analysis,

673
hindbrain, rhombomeres, 8
Hinshelwood, J., 345–346
hippocampus

glucocorticoid damage to, 296
hypometabolism of, 123
maturation, 104
memory function and, 104
threat-related cues and, 295

Hirschsprung disease, 409
histocompatibility leukocyte antigen

(HLA) testing, 374
hockey injuries, 525–526
holoprosencephaly, 20
homeoboxes, 6–9, 22
homeoboxes genes, 8
homeodomains, 8
homovanillic acid, 309
Hox-2 gene, 23
Hox homeobox genes, 8, 10, 14
human fetuses

6-week, 15
25-week, 18
behavioral development, 35

Human Genome Project, 669
human immunodeficiency virus (HIV),

270, 388–389
human leukocyte antigen (HLA), 681
hunger, neurobiology of, 307–308
Huntington’s disease

adult-onset, 428
description, 433–434
juvenile, 433–434
neurofunctional imaging, 126
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PET images, 126
unstable repeat sequences in, 678
Westphal variant, 433

Huxley, Thomas, 8
hybridization probes, 5
hydrocephalus, 550, 551, 578
5-hydroxyindoleacetic acid (5-HIAA),

309, 313
5-hydroxytryptophan, 437
hyperactivity, 155, 221. see also attention

deficit-hyperactivity disorder
(ADHD)

hyperbilirubinemia, 230
hypercarbia, 370
hypercortisolemia, 309, 310
hyperkinetic movement disorders,

430–442
hyperlexia syndrome, 82
hyperlipidemia, 163, 633
hyperprolactemia, 633
hyperreflexic tendon reflexes, 604
hypersociability, 161–162
hypersomnia, 315
hypertelorism, 14
hyperthermia, maternal, 549–550
hyperthyroidism, 435
hypnagogic hallucinations, 367, 373
hypnopomic hallucinations, 367
hypoblast formation, 4
hypokalemia, 312
hypokinetic movement disorders,

428–430
hypometabolism, 120, 120
hyponatremia, 312
hypopigmented lesions, 68
hypotelorism, 14
hypothalamic nuclei, 294
hypothalamus, 307
hypotonia, 65, 158, 189
hypoxia, 411, 436
hypoxic-ischemic injury, 123–124
hysteria. see frontal lobe epilepsy
hysterical seizures. see pseudoseizures

I
illness, causation, 42–43
imaging. see also functional neuroimaging;

neuroimaging; specific technologies
analysis, 98–99
during brain development, 97–107
epilepsy, 114–119
image acquisition, 98–99

imipramine, 273, 375
impairments, documentation of, 725
impulse control disorders, 600, 608–609,

617
impulsivity

in ADHD, 221–222
children of alcoholic parents, 324
in deaf children, 414
definition, 221
substance abuse and, 332

in-line skating injuries, 526
In re Richard M., 717
in situ hybridization, 5
inborn errors of metabolism, 71–72, 128,

230–231

incidental teaching, 202
incontinence, 555
independence, 42–47, 47
index cases, 680
individual differences, 32–35
Individual Family Service Plans (IFSPs),

202
Individualized Education Program (IEP),

202, 716, 721
Individuals with Disabilities Education Act

(IDEA), 559, 709, 715, 716, 721–722
induction process, 6
infantile spasms, 116, 116–117, 158, 462,

462–463
infantile syncope, 469
infants

attachment in, 38–39
behavioral landmarks and, 111
brain glucose utilization, 112, 113
brain weight, 49
cranial nerve examination, 63
development milestones, 40
dyslexic, 350
EEG activity, 137, 137
ERPs, 138, 139, 144
frontal EEG in, 142–143
head circumference, 67
insomnia, 376
neurodevelopment, 38
neuropsychological screens, 55
normal anxiety, 286
strength testing, 65
very-low birthweight, premature,

229–230
visual functions, 400
weight support, 66

infections, 386, 410
infectious mononucleosis, 270
inference, methods of, 87, 88
inferior colliculus, 412
information processing, 323, 489, 532
infundibulum, 15
Inhabitants of Sanford, Me, Jackson v., 723
inhalants, 329–330, 331
inheritance

categories of, 672–678
multifactorial, 675–677
nonclassical, 677–678

inhibitory control, 221
initial redundancy, 3–4
Injury Severity Scores (ISSs), 508, 516
insomnia, 376–380, 607
InteCare, 709
integrin receptors, 13
intelligence. see also IQ scores

academic achievement and, 80
brain size and, 98
in children with DS, 158–159
in children with PWS, 166
dyslexia and, 346–347
levels of performance, 87–88
measurement of, 152
mental retardation and, 151
patterns of intelligence, 90
poststroke changes, 391–392
tests of, 80
in velocardiofacial syndrome, 170

intensity of reactions, 33, 34
intercanthal ligaments, 14
interictal epileptiform activity, 110
intermittent reinforcement, 690
internal carotid artery, 25
International 10–20 system, 136
International Classification of Diseases,

151
International Classification of Functioning,

Disability and Health (ICF), 703
International Classification of 

Impairments, Disabilites and 
Handicap (ICIDH), 492, 704

International Classification of Sleep 
Disorders, 379

International League Against Epilepsy,
453

International System for Human 
Cytogenetic Nomenclature (ISCN),
673

interpersonal contacts, 697
interpersonal skills, 689
interpersonal therapy (IPT), 272
interval schedules, reinforcement, 690
interventions

behavioral characteristics and, 
702–703

ethical design of, 692–693
family, 696–698
psychoeducational, 702–714
risk markers, 702

Interview for Childhood Disorders and
Schizophrenia (ICDS), 205

intracerebral hemorrhages, 124, 526
intracerebral pressures, 566–567
intracranial hemorrhage, 494
intracranial pressure-volume mass curve,

528
intrapartum asphyxia, 494
intrauterine growth restriction (IUGR), 491
intraventricular hemorrhage, 124
intuitive stage, 42
IQ scores

in cerebral palsies, 499
children with brain tumors, 578–579
documentation, 724
epilepsy and, 472
in temporal lobe epilepsy, 455
testing, 79–80
traumatic brain injury and, 531

iron accumulation, 443–444
iron metabolism, 126, 375, 376
ischemic injury, brain, 528
ischemic stroke

in childhood, 385–395
clinical presentation, 386
differential diagnoses, 389
epidemiology, 385–386
etiology, 386
remediation, 392
risk factors in children, 387
sequalae, 389–392

Isle of Wight study, 570
islet gene, 9–10
isolated birth defects, 675
isotretinoin. see retinoic acid (Accutane,

isotretinoin)
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J
Jackson v. Birmingham Board of Education,

544 U.S., 720
Jackson v. Inhabitants of Sanford, Me, 723
Jansky-Bielschowsky disease, 127,

436–437
Jaspar system, 136
juvenile dystonic lipidosis. see Niemann-

Pick type C
juvenile myoclonus epilepsy, 461–462
juvenile parkinsonism, 428–430

K
Kagan, Jerome, 141
Kallimann’s syndrome, 309
karyotyping, 188, 673, 674
Kaufman Assessment Battery for Children

(K-ABC), 369
Kayser-Fleisher rings, 50, 442–443
Kearns-Sayre syndrome, 410
keratan sulfate, 11, 22
keratin sulfate, 22
KIAA0319 gene, 357
Kiddie Formal Thought Disorder Rating

Scale and Story Game (K-FTDS), 205
Kiddie Schedule for Affective Disorders

and Schizophrenia (K-SADS), 263
Kimel v. Florida Bd. of Regents, 719
kinetic tremor, 430
Kirkingburg, Albertsons, Inc. v., 718
Klein-Levin syndrome, 315, 538
Klüver-Bucy syndrome, 295
Kohlberg, Lawrence, 43
Krox-20 gene, 10, 25
Krox gene family, 10, 13–14
kyphosis, 553

L
labeling, in middle childhood, 45
laboratory tests, 312, 315. see also specific

diagnoses
lacerations, brain, 526
lactic acidosis, 19
Lafora disease, 436
Lago Vista Independent School Dist., Gebser

v., 720
Lamictal, 626
laminin, 18
S-laminin, 21
lamotrigine

for absence epilepsy, 461
in bipolar disorder, 275
neuropsychopharmacology, 626–628
for temporal lobe epilepsy, 456
in traumatic brain injury, 539

Landau-Kleffner syndrome, 122, 463–464
Lane, Tennessee v., 720
language

attention/executive function testing, 57
behavioral features, 154–155
in children with WS, 160–161
delay, 68
in Down syndrome, 158–159
epilepsy and, 473
expressive, 84
features of dyslexia, 348–349
in fragile X syndrome, 154

in mental status exams, 54
nodes, 57
parent-child attachment and, 415
pragmatics, 85
psychopathologies, 89
receptive, 84
in velocardiofacial syndrome, 170

language development, 57
in blind children, 402–403
of children born prematurely, 488
deafness and, 412–413
disorders, 352
in dyslexia, 351
dysphasia, 120–121
in meningomyelocele, 557
milestones, 59
preschool years, 42
by toddlers, 41–42

language dominance, 109–110
language function testing, 57–61, 83–84,

84
late infantile ceroid lipofuscinoses, 437
later infancy, attachment in, 38–39
lateral geniculate nucleus (LGN),

398–399
lateral ventricles, 101, 101, 207, 310
latex allergies, 556
L.C., Olmstead v., 719
lead, ADHD and, 231
learning

assessment of, 85–86
attachment and, 38–39
of behaviors, 31
modeling and, 691
school entry and, 44–45

learning disabilities
deafness and, 416
definition, 45
diagnosis of, 79
in meningomyelocele, 556–557
mood disorders and, 271
reasons for, 76

least restrictive environments, 716
Leber congenital amaurosis, 403
Leber’s hereditary optic neuropathy, 

677
leg scraping, 37
legal issues, 715–727
Leigh syndrome, 432
Lennox-Gastaut syndrome, 115, 117–118,

463
leptins, 308, 309
lesions, diagnosis of, 50
leukoencephalopathy, 581
levels of consciousness, 508
levodopa (L-DOPA), 376, 433
Lewy-type bodies, 444
Lexapro, 595
Lim gene, 9–10
limbic system, 294–295, 325
limit-setting sleep disorder, 377–378
Lindamood Auditory Conceptualization

Test, 352, 358
Lindamood Phenome Sequencing Pro-

gram (LiPS), 359
linear sebaceous nevus of Jadissohn, 15
linkage analysis, 671

lip reading, 412
LiPS (Lindamood Phenome Sequencing

Program), 359
literature reviews, critical, 686–688
lithium

in aggressive behaviors, 623
in bipolar disorders, 274–275, 336
for blind patients, 407
effect on myo-inositol, 269–270
electroconvulsive therapy and, 661
initiation, 624
interactions, 625–626
monitoring, 624
in mood disorders, 620, 623
optic side effects, 407–408
overdose, 625
pharmacodynamics, 620
pharmacokinetics, 619–620
side effects, 274–275, 624–625

liver enlargement, 68
liver function tests, 312
liver transplantation, 443
locus coeruleus, 293
lod scores, 671
long-term depression (LTD), 157
long-term potentiation (LTP), 157
lorazepam, 296
Lovaas method, 202
low birth weights, 77, 484–485
lower motor unit, 64
luetinizing hormone, 309
Luria-Nebraska Test Battery for Children,

76, 81
Luvox. see fluvoxamine (Luvox)
Lyon, Reid, 347
lysergic acid diethylamide (LSD), 330

M
Mac-Gray, Inc., Whitlock v., 718
Machado-Joseph disease, 678
magnesium pemoline, 612–615
magnetic resonance imaging (MRI). see

also functional magnetic resonance
imaging (fMRI)

adolescent preterms, 486–487
anorexia nervosa studies, 310
capability of, 97
diffuse excessive high signal intensity

(DEHSI), 485
head, 69
image acquisition, 98–99
in ischemic stroke, 389
neonatal, of preterm infants, 486
school age preterms, 486
T1-weighted, 25
T2-weighted, 24–25
in Tourette’s syndrome, 439
traumatic brain injuries, 537
VLBW adults, 486–487

magnetic resonance spectroscopy 
(MRS), 70

magnocellular laminae, 399
magnocellular layers, 356
maintenance treatment, 664
major depressive disorder (MDD), 263

electroconvulsive therapy, 663–664
neuroimaging studies, 267–270
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recovery, 265
relapses, 266

major life activities, 718, 725
make-believe play, 41
maladaptive behaviors, 404–405
malnutrition, 310, 550
Mangold, Hilda, 6
manias

atypical antipsychotic agents in, 629
bipolar disorder and, 265
conditions mimicking, 264
in velocardiofacial syndrome, 173

manual guidance, 693
Manually Coded English, 413
marijuana (cannabis)

acute effects, 328, 330
depressive symptoms and, 331
long-term effects, 331
maternal use, 333

mastery motivation, 40
matching tasks, 349
maternal drug use, 333
mathematical ability, 82–83
maximum likelihood analysis, 671
McCarthy Scales of Children’s Abilities,

54, 55–56
McGurk effect, 348
measles

blindness and, 398
mumps and rubella (MMR) vaccine,

201
medical examinations, 724
medical histories, 52. see also family histo-

ries; patient history
medical-legal translator, 724
medical rehabilitation, 78
medications. see also specific diagnoses;

specific medications
in autistic-spectrum disorders, 202–203
drug interactions, 604–606
FDA approved, 593–594
monitoring of children using, 601–602
refusal of, 723

medulloblastomas, 570
MELAS syndrome, 410
melatonin, 378, 400, 637
membranes, excitability, 23
memory

after traumatic brain injury, 533
assessment of, 85–86
attention/executive function testing, 57
emotional, 294–295
epilepsy and, 472
hippocampal size and, 104
phonological, 349
posttraumatic amnesia, 508–509
in preterm children, 489
short-term, 323
in temporal lobe epilepsy, 456
testing, 61
tests, 86

menarche, age of, 45
Mendel, Gregor, 669
Mendelian inheritance, 672–675
meningitis, 231
meningomyelocele, 549–560

academic achievement, 557–558
bowel dysfunction, 556

CNS disorders associated with, 553
conditions associated with, 554
etiology, 549
genitourinary dysfunction, 556
impairments, 555
management, 559–560
neurological impairments and,

551–553
neuropsychiatric aspects, 558–559
prevalence, 549
risk factors, 549–550
social abilities, 558

Mental Processing Composite, 369
mental processing speed, 85. see also infor-

mation processing
mental retardation, 151–186

absence seizures and, 460
with ADHD, 615
atypical antipsychotics in, 631
in cerebral palsy, 500
cognitive data, 92
current definitions, 151–152
DSM IV criteria, 152
epidemiology, 152
in meningomyelocele, 556
psychiatric assessment, 153

Mental Retardation: Definition, Classifica-
tion, and Systems of Support, 704

mental status examination, 54–62, 57
mercury, ADHD and, 231
MERRF syndrome, 410, 436
mesencephalic neural crest, 13
mesencephalon malformations, 8
mesenchyme, 5
mesial temporal sclerosis, 453
mesoderm, formation of, 5
mesolimbic system, 225
meta-analyses, critical, 686–688
metabolic disorders, 386
metabolic rates, 314
metabolic screening, 71–72, 72
metabolism of drugs, 590
Metadate, 613
methadone, 334
methohexital, 662
methotrexate, 581
methylmalonic acidemia, 432
methylphenidate (MPH)

for ADHD, 223, 231–232, 233–234
in ASD patients, 203
mechanism of action, 614
for narcolepsy, 374
neuropsychopharmacology, 612–615
side effects, 441
in velocardiofacial syndrome, 173

microcephaly, 189
microdeletion syndromes, 673–675, 676
microglia, pericytes and, 19
microtubule assembly, 4
midbrain, optic tectum, 21
MIDD syndrome, 410
middle cerebral artery, 25
middle childhood, 43–45, 45, 46
middle ear, 411
migraines, 271, 389
Minnesota Multiphasic Personality Inven-

tory (MMPA), 378
mirtazapine, 273, 606–607, 608

Mitchell Pub. Sch. Dist, Costello v., 718
mitochondrial disorders, 432, 677
mitochondrial encephalopathies,

126–127
mitochondrial mutations, 677
mitosis, first, 4
Möbius syndrome, 26
modafinil, 232, 374, 637
modeling, social learning and, 691
molecular biology

linkage analysis, 671
polymerase chain reactions, 671
recombinant DNA technology, 670
Southern blotting, 670–671

molindone, 440
monaural pathways, 411
monoamine oxidase A (MAO-A), 291,

292
monoamine oxidase inhibitors (MAOIs),

604
monoamine oxidases (MAOs), 228
monosomy, 673
Monroe County Board of Education, Davis v.,

720
Montgomery-Asberg Depression Rating,

662
mood, quality of, 33, 34
mood disorders

in ADHD patients, 218
anorexia nervosa and, 311
antidepressants in, 607
antipsychotic medications in, 629–631
comorbidities, 264–265
course of, 265–266
diagnosis, 263–264
epidemiology of, 265
in fragile X syndrome, 155
general management, 271–272
genetic studies, 267
lithium in, 623
medical conditions and, 270
neurobiology of, 266–267
neuroimaging studies, 267–270
neurotransmitters, 266–267
pharmacotherapy, 620
SSRIs in, 596, 598
stimulants in, 615
substance abuse and, 332
substance-induced, 270–271
tricyclic antidepressants in, 610

mood instability, 324
mood stabilizers, 593, 619–628
moral judgments, 43
Morgan, W. Pringle, 345
Moro reflex, 37, 496
mortality risks

for ASD patients, 203
in prematurity, 482
in traumatic brain injuries, 530

mother-infant interactions, 402
Motivational Interviewing and 

Enhancement, 335
motivations

arousal and, 222
for attachment, 38–39
in child development, 33
mastery, 40
psychopathologies, 89
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motor control
in ADHD, 223
of children born prematurely, 488
in CP, 498–499
definition, 38
infant development of, 40
in middle childhood, 43
milestones, 66
substance use disorders and, 323
subtle neurological signs, 67
toddler years, 39–40, 42
in velocardiofacial syndrome, 170

motor development, 351, 401–402, 412
motor examination, 64–66
motor impersistence, 433
motor paralysis, 553
motor theory of speech, 348
motor vehicle accidents, 522, 523, 524
motorbike injuries, 526
movement disorders, 425–451. see also

specific diagnoses
basal ganglia in, 425–428
functional neuroimaging in, 125–126
hyperkinetic, 430–442
hypokinetic, 428–430
psychogenic, 444

Moyamoya disease/syndrome, 386, 388
MSX genes, 14
Mullen Scales of Early Development, 81
Mullins v. North Dakota Department of Hu-

man Services, 717
Multi-Dimensional Anxiety Scale (MSAC),

298
Multi-Dimensional Family Therapy

(MDFT), 335
Multi-Systemic Therapy (MST), 335
“multidimensionally impaired syn-

drome,” 204
multifactorial inheritance, 675–677
multiple-baseline design, 692
multiple pain syndrome, 627
multiple sleep latency test (MSLT),

373–374
Multisystemic Therapy, 688
Munchausen syndrome by proxy, 467,

470
Murphy v. United Parcel Service, Inc., 718
muscular dystrophy, 673
mutations, 673
myelencephalon, 11
myelin oligodendrocyte glycoprotein

(MOG) gene, 357
myelination, 24–25, 49
myo-inositol, 269–270
myoclonus, 436–437, 437
myoclonus-dystonia syndrome (DYT11),

431
myoglobinuria, 430
myopathic gaits, 68
myopia, 488

N
naltrexone, 202, 637
naming tasks, 347, 349
napping patterns, 366
narcolepsy, 372–375, 374, 469
National Center for Complimentary and

Alternative Medicine (NCCAM), 637

National Center on Birth Defects and 
Developmental Disabilities, 196

National Collaborative Perinatal Project,
347

National Commission on Sleep Disorders,
366

National Institute of Mental Health, 659
National Institute of Mental Health 

Obsessive-Compulsive Scale 
(NIMH-OCS), 299

National Institute of Mental Health 
Pediatric Neuroimaging Project,
100–104

National Research Council, 197, 202
Native American Indian sign language,

413
nature-versus-nurture questions, 676
nausea, brain tumors and, 566
necrosis, 19
nefazodone, 273
negative affect, 143
negative reinforcement, 690
neglect, description of, 220
neocortex, arrangement, 21
Neonatal Behavioral Assessment Scale

(NBAS), 37, 37–38, 55, 490
Neonatal Brain Hemorrhage Study, 494
neonates. see newborns
neoplasms. see also brain tumors

in anorexia nervosa patients, 312
intracranial, 77
ischemic stroke and, 386, 389
OCD and, 291
temporal lobe epilepsy, 453

NEPSY testing, 54, 56, 81, 81
nerve growth factor (NGF), 13, 19, 20, 22
nervous system

normal development, 3–30
organizer genes in development, 7

netrins, 22
neural crest

CNS malformations and, 14
components, 13
genetic programming, 13–14
neurocutaneous syndromes and, 14–15
separation and migration, 12–15

neural induction, 6, 11–12
neural plates, 5
neural tube, 8, 15, 16–17
neural tube defects, 549
neural tube segmentation, 9
neuraxis, 53
neuroacanthocytosis, 435
neurobehavior

markers, 702–703
of newborns, 35–36

Neurobehavioral Rating Scale, 516,
518–519

neuroblast migration, 20–22
neurocutaneous syndromes, 14–15
neurodegenerative disorders, 126–127
neurodevelopment

in adolescence, 45–46
in infancy, 38
in middle childhood, 43
plasticity in, 483
preschool years, 42–43
toddler years, 39–40

neuroembryology, 3–4
neuroepithelial cells, 15
neurofibromatosis 1, 14, 68
neurogenic bladder, 555
neuroimaging. see also functional 

neuroimaging
brain tumors, 569
in bulimia nervosa, 314
diagnostic, 69
dyslexics, 354–355
in ischemic stroke, 389
in Tourette’s syndrome, 439

neuroleptics, 440, 538
neurological examinations, 53, 53–54
Neuromedical Center, Robertson v., 718
neuromeres, 8
neuronal ceroid lipofuscinoses, 127
neuronogenesis, 17
neurons

apoptosis, 19–20
brain size and, 99
development of, 16–17
migration anomalies, 347
regeneration, 16
synaptic pruning, 99, 114
transplantation, 17

neuropathic gaits, 68
neuropeptide Y, 296, 308, 308, 309
neuropeptides, 296, 307
neuropsychological examination, 76
neuropsychological screens, 55–56
neuroscience, 89
neuroticism, 292
neurotransmitters

during adolescence, 591
in anorexia nervosa, 309
in basal ganglia, 425
biosynthesis of, 24
in bulimia nervosa, 313–314
monoamine, 307
mood disorders and, 266–267
regulation of arousal, 293
related to ADHD, 224–229
in threat response, 295

neurotrophic factors, 13
neurotrophin receptors, 20
neurotrophins, 20, 23
neurulation, 12
Nevada Department of Human Resources v.

Hibbs, 719
newborns

attachment by, 38
behavioral states, 37
brain glucose metabolism, 111, 111
development, 36
examination of behavior in, 36–38
head ultrasound, 69
mental status examination, 54
neurobehavior, 35–36
neurodevelopment, 36
opiate-exposed, 333
perinatal asphyxia, 123–124
premature, 481–492
seizures, 483

nicotine, 229, 440, 637
Niemann-Pick type C, 432
night terrors, 469
nightmares, 370
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NIMH Diagnostic Interview Schedule for
Children (NIMH DISC), 205

Nkx genes, 11
nocturnal paroxysmal dystonia, 380
nocturnal polysonograms, 373
nocturnal seizures, 380
noncompliance rates, 591
nonparenchymal hemorrhages, 484
nonverbal learning disabilities, 76, 90,

557–558
Noonan’s syndrome, 192
noradrenaline. see norepinephrine
norclozapine, 628–629
norepinephrine, 24, 226, 307, 309
North Dakota Department of Human 

Services, Mullins v., 717
Notch gene, 6, 9–10
notocord formation, 5
Nowicki, Stephen, 392
Numb gene, 9–10

O
obese gene, 308
obesity, 168, 556
obsessive compulsive disorders (OCDs),

230
anorexia nervosa and, 311
basal ganglia and, 428
course, 291
description, 287
familial aggregation, 291
genetic studies, 292–293
PANDAS and, 289–290
randomized controlled trials, 599
SSRIs in, 598, 600
Sydenham’s chorea and, 434
Tourette’s syndrome and, 438

obsessive-compulsive symptoms, 167,
171

obstructive sleep apnea, 367
obstructive sleep apnea syndrome, 369
occipital lobe tumors, 568
occult spinal dysraphism (OSD), 549
oculocutaneous albinism II (OCA2) gene,

166
oedipal period, 43
olanzapine

in anorexia nervosa, 631
in ASD patients, 202
in bipolar disorder, 275
in childhood-onset schizophrenia, 208,

209
for Huntington’s disease, 434
hyperprolactinemia and, 633
neuropsychopharmacology, 628–629
for tics, 440
weight gain, 633

oligodendrocytes, 17, 18, 25
Olmstead v. L.C., 719
omega fatty acids, 637
Online Mendelian Inheritance in Man

(OMIM), 670
ontogeny, nervous system, 3
operant conditioning, 690–691
opiates

acute effects, 329, 330
antagonists, 637

long-term effects, 331
maternal use, 333

opioids, eating behaviors and, 308
Oppenheim’s dystonia. see DYT1 dystonia
oppositional defiant disorders (ODD),

218, 353
optic bulb, 398
optic nerve injury, 488
orexins, 308
organizer genes, 6–10, 7
Orton, Samuel, 347
Orton Dyslexia Society Research 

Committee, 345
Osler, William, 369
osmotic demyelination syndrome, 312
ossicles, 411
osteoporosis, 163
otoconical membranes, 411
OTX genes, 14
oval window, 411
overcorrections, 694
overdoses

antidepressants and, 609
antipsychotic medications, 634
carbamazepine, 625
lithium, 625
of stimulants, 618
tricyclic antidepressants and, 612
valproic acid, 625

overgrowth syndromes, 67, 199
“overlooking” behavior, 403
owls, eye direction, 14
oxacarbazepine, 456

P
Padilla v. School District No 1, 719
Piaget, Jean, 36, 365
paired gene family, 10–11
palatal myoclonus, 436
paleocortex, 21
palilalia, 438
pallidotomy, 433
panayiotopulous syndrome, 459
panic attacks, 294–295
panic disorder

description, 287
familial aggregation, 291
genetic factors, 291
genetic studies, 292
psychostimulant-induced, 294–295
separation anxiety and, 286
separation anxiety disorder and, 291
SSRIs in, 598–599

PANK2 mutation, 444
papilledema, 566
parasomnias, 367, 379–380
parenchymal hemorrhagic infarction, 485
parent-child attachment, 415
Parent-Child Interaction Therapy, 688
parent training, 698
parents. see also families

bonding by, 38
“goodness of fit” with children, 34–35
infant irritability and, 38
separation anxiety, 41

parietal lobes, 61–62, 220, 568
Parinaud’s sign, 567

parkin gene mutations, 429
Parkinsonian gaits, 68
Parkinson’s disease, 428
Parmelee’s Neurobehavioral Examination,

55
paroxetine (Paxil)

in anxiety disorders, 300
availability, 592, 594
efficacy, 598
in mood disorders, 596
for pediatric depression, 273
pharmacokinetics, 594, 595, 604
suicidal behavior and, 273

paroxysmal dyskinesias, 441–442
paroxysmal exercise-induced dyskinesia,

442
paroxysmal hypnogenic dyskinesia, 442
parvocellular laminae, 399
patient history

assessment of anxiety, 298
developmental history, 52, 76
in diagnostic process, 50
documentation, 724
family history, 52
medical, 52
review of systems, 53
social history, 52
temporal profiles, 51, 51–52

PAX genes, 13, 14
Pax (paired) gene family, 10–11
Paxil. see paroxetine (Paxil)
Peabody Individual Achievement Test—

Revised, 82
pedestrian accidents, 522, 524, 525
Pediatric Autoimmune Neuropsychiatric

Disorders Associated with 
Streptococcus (PANDAS)

ADHD and, 230
anorexia nervosa and, 309
anxiety disorders and, 289–290
obsessive compulsive disorders and,

289–290
Sydenham’s chorea and, 434

Pediatric Oncology Group, 581
Pediatric Research Equity Act, 589
Pediatric Sleep Questionnaire, 369
pedigree symbols, 679
peer relationships, 46
pemoline, 336, 374, 441, 612–615, 617
penicillin, 434
perception tests, 45
perceptual function, 83
performance levels, 87–89
performance patterns, 89–91
perfusion indexes (PIs), 268
pergolide, 376, 440
pericytes, 19
peridic limb movements of sleep (PS),

375–376
perinatal asphyxia, 123–124
perinatal complications, 386
perinatal factors, 296
peripheral hypotonia, 65
peripheral nervous system, 13, 65
periventricular leukomalacia, 124–125,

484, 494
persistence, 33, 34, 324
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persistent vegetative states, 530
personal interviews, 724
personality

assessment, 86
changes, 391, 566, 568
definition, 33
measures, 87

pervasive developmental disorder (PDD)-
NOS

anticonvulsants in, 623–626
antidepressants in, 607–608
atypical antipsychotics in, 631
DMA-IV-TR criteria, 196
SSRIs in, 600–604
stimulants in, 615
tricyclic antidepressants in, 611

pharmacodynamics, 590–591
pharmacogenomics, 233–234
pharmacokinetics, 589–590
phasic tone, 64
phencyclidine (PCP), 329
phenylalanine hydroxylase deficiency,

681
phenylketonuria (PKU), 230–231, 681
phenytoin, 441
phobias, 291, 292–293
phonemic discrimination tasks, 120–121
phonemic recall, 59
phonological awareness, 348–349, 351
phonological memory, 349
phosphodiesters, 200
phototherapy, 379
PHOX genes, 14
physical examination, 67–68
physician-family-school relationships,

708–710
physiologic tremor, 430
physostigmine, 538
Pierre-Robin syndrome, 371
pimozide, 434, 440
pineoblastomas, 567
pituitary tumors, 568
pivotal response training, 202
plagiocephaly, 67
plasticity, 114
play, development and, 43
PMP22/gas3 gene, 25
polarity, axes of, 6
polychlorinated biphenyls (PCBs), 231
polycystic ovarian syndrome (PS), 275
polymerase chain reactions, 671
polyploidy, 673
Positive and Negative Syndrome Scale for

Children and Adolescents (K-
PANSS), 205

positive reinforcement, 690, 693
positron-emission tomography (PET)

AMT, 119, 119
in anorexia nervosa, 310
in autism, 121–122
in bulimia nervosa, 314
in cerebrovascular disease, 124–125
in developmental dyslexia, 120
diagnostic, 70
functional imaging, 109
Huntington’s disease, 126
interictal, 114, 115

medically refractory infantile spasms,
116

methodology, 110
normal brain development, 110–111
spastic diplegia, 125
traumatic brain injuries, 537
Turner’s syndrome, 121

positron-emitting isotopes, 110
postconcussion syndrome, 532–533
posterior cerebellar vermis, 200
posterior communicating arteries, 25
posterior fossa tumors, 567–568, 569
posttraumatic amnesia

description, 508–509
length of, 530
posttraumatic period, 516, 520
terminology, 509, 516

posttraumatic dystonia, 432–433
posttraumatic stress disorder (PTSD), 287,

598–599, 636
postural reflexes, 37, 65, 66
postural sway, 323
postural tone, 64
Prader-Willi syndrome (PWS), 166–169

appearance, 166
behavior, 166
behavioral aspects, 167–168
genetic features, 166
management, 168–169
microdeletions in, 673–674
neurocognitive profile, 166–167
uniparental disomy in, 677

pragmatics, 42, 85
pramipexole, 376
Prechtl’s Neurological Examination, 55
precocious puberty, 555
predetermination hypothesis, 17
prefrontal cortex, 268
pregnancy, 35, 35
prematurity, 229–230, 481–505
prenatal factors, 229, 398
preoperational stages, 42
prepulse inhibition, 155
preschool years

child abuse indicators, 526
depressive disorders, 264
development during, 44
dyslexia in, 350–351
mental status examination, 54
neurodevelopment, 42–43
normal anxiety, 286
practicing independence, 42–47
serotonergic pathways, 590

preterm deliveries (PTDs). 
see also prematurity

complications, 483
definitions, 482
follow-up, 491
male vulnerability, 491
management, 483
neurobehavioral sequelae, 487
risk factors, 482, 482–483

priapism, 608
primary dystonia, 431
primary olfactory receptor neurons, 16
primary torsion dystonia. see DYT1

dystonia

primary visual cortex, 111
primidone, 430
primitive knot, 5
primitive neuroectodermal tumors

(PNETs), 565
primitive node, 5
primitive pit, 5
primitive reflexes, 37, 65, 66, 69
primitive streak, 4
probands, 680
prochordal plates, 5
proencephalic neural crest, 13
programmed cell death. see apoptosis
prompting manual guidance, 693
propionic acidemia, 432
propositia/propositus case, 680
propranolol, 430
prosody, 59, 62
prostomes, 4
proteomics, 671
Proteus syndrome, 15
prothrombic disorders, 389
Prozac. see fluoxetine (Prozac)
pseudoseizures, 457, 465–470, 466, 469
psychoactive substances, 47
psychoanalytic theories, 32
psychodynamic therapies, 315
psychoeducational interventions,

702–714
psychological interventions, 685–699
psychological tests, 55–56
psychopathologies, neuroscience of, 89
psychopathy, blindness in, 405, 405
psychopharmacology. see also specific

drugs
drug absorption, 589–590
drug distribution, 590
drug excretion, 590
drug metabolism, 590
pediatric, 589–654
pharmacodynamics, 590–591
pharmacokinetics, 589–590

psychosis, in PWS, 167
psychosocial development, 47, 415–416
psychosocial functioning, 86, 87
psychosocial interventions, 209
psychosocial treatments, 274
psychostimulants, 231–232, 294–295
psychotherapy

behavioral, 687
in blindness, 407
of depressive disorders, 272
language-based, 689–690
privilege, 726

psychotic disorders, 629–634
puberty, description, 45
pulmonary function tests, 371
punishment paradigms, 694
Purkinje cells, 24

Q
quadriplegia cerebral palsy, 494
quality of life

children with brain tumors, 565
preterm children and, 491

quality of mood, 33, 34
questionnaires, 52
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quetiapine
in ASD patients, 202
in bipolar disorder, 275
metabolism, 634
neuropsychopharmacology, 628–629
for tics, 440
weight gain, 633

R
race, preterm deliveries and, 482
radial cleavage, 4
radiation therapy, 569–570, 579
radioactive probes, 110, 110
Ramsay Hunt syndrome, 437
Ranchos Los Amigos Scale of Cognitive

Functioning, 516, 520
raphe nuclei, 307
rapid eye movement (REM) sleep, 35,

365, 366, 372
rapid-onset dystonia-Parkinsonism

(DYT12), 431–432
Rasmussen’s encephalitis, 389
Rasmussen’s syndrome, 459–460
reactions, intensity of, 33, 34
reactive theories, 31
reading readiness testing, 59
reading skills

disabilities, 45, 81–82, 357
dyslexia and, 346–347
sequential developmental model, 355
Turner syndrome and, 164
visual deficits and, 355–356

receptive language, 84
recognition, in preterm children, 489
Recombinant DNA Advisory Committee

(RAC), 681
recombinant DNA technology, 670
recommendations, documentation of, 725
reflex myoclonus, 436
reflexes

in cerebral palsy, 69
CNS disease and, 65
in early infancy, 35–38
evaluation of, 38
feeding, 37
mental status examinations, 54
Neonatal Behavioral Assessment Scale,

37
neonatal brainstem, 111
PNS disease and, 65
postural, 37, 66
primitive, 37, 65, 66

refractive disorders, 488
Regents, Zukle v., 720
regulation of states of consciousness, 38
regulator genes, 8
regulatory disorders, 35
rehabilitation, 335, 539–540, 582
Rehabilitation Act of 1973, 715–716, 717
reinforcement

behaviors and, 690
extinction and, 690
fading and, 690
positive, 693
sampling, 693

Reitan-Indiana Neuropsychological Test
Battery for Children, 81

relationships, 47

relaxation techniques, 375
renal failure, 555
Research Unites on Pediatric 

Psychopharmacology (RUPP)
Autism Network, 202, 203

resiliency factors, 696–697
resources, available, 299
response costs, 694
responsiveness threshold, 33, 34
resting metabolic rate, 308
resting tremor, 430
restitution, 694
restless legs syndrome (RLS), 375–376
restriction fragment length 

polymorphisms (RFLPs), 671
reticular activating system, 293
retinal detachment, 488
retinal dysplasia, 403
retinal ganglion cells, 398
retinal hemorrhages, 528–529
retinitis of prematurity, 403
retinoic acid (Accutane, isotretinoin), 10,

16, 18, 549
retinopathy of prematurity (ROP), 398,

404
retrograde ejaculation, 555
Rett syndrome, 127–128, 191, 442, 703
review of systems, 53
Revised Class Play (RCP), 576
Rey Complex Figure Test, 83, 91
rhabdomyolysis, 430
rhombencephalic neural crest, 13
rhombomeres, 8, 8–9
rhythmicity, description, 33, 33
right hemisphere deficit syndrome, 390
risk markers, 702
risk taking, 47
risperidone

in ASD patients, 202
in bipolar disorder, 275, 629
hyperprolactinemia and, 633
metabolism, 634
in tic disorders, 631
for tics, 440
weight gain, 633

Ritalin, 613
RNA-induced silencing complexes

(RISCs), 157
Robertson v. Neuromedical Center, 718
Romberg sign, 64
rooting reflex, 37
ropinirole, 376
rubella, 398, 410

S
S-100B proteins, secretion, 22
saccule, 411
Sandoval, Alexander v., 716, 720
satiety, 307–308, 313
scaphocephaly, 67
scatter analysis, 90
Schedule for Affective Disorders and

Schizophrenia for School-Age
Children (K-SADS), 205, 298

schizophrenia
childhood-onset, 203–209
criminal justice system and, 722–723
electroconvulsive therapy and, 659

inheritance, 676
low birthweights and, 490
neurodevelopmental model, 206
UCLA Family Study, 206
velocardiofacial syndrome and, 171

schizophrenia-spectrum diagnoses, 155
school children

assessment, 77
behavioral inhibition in, 143
dyslexic, 349–350
insomnia, 376–377
mental status examination, 54
normal anxiety, 286

School District No 1, Padilla v., 719
schools

collaboration based on, 706–709
collaborative teamwork, 707–708
entry, 44
etiologies of failure, 45
failure in, 44–45
mood disorder management, 271
neuropsychology in, 79
records, 724

scoliosis, 68, 553
“scooter” injuries, 526
Screen for Child Anxiety Related Emo-

tional Disorders (SCARED), 298
secondary dystonia, 430, 432–433
secretin, 203
sedatives/hypnotics. see also specific drugs

acute effects, 329
for insomnia patterns, 377
long-term effects, 331

seizures. see also epilepsy
with ADHD, 615
after traumatic brain injury, 532–533
brain injury and, 528
brain tumors and, 567, 581
bupropion and, 608–609
in electroconvulsive therapy, 659–660
neonatal, 483

selective mutism, 288, 598–599
selective serotonin reuptake inhibitors

(SSRIs)
adverse effects, 604
in ASD patients, 203
in bulimia nervosa, 316
characteristics, 299
in childhood anxiety, 298
CYP450 inhibition, 595
drug interactions, 604–606
neuropsychopharmacology, 592–594
in pediatric depression, 272, 274
pharmacodynamics, 595–598
pharmacokinetics, 594, 594–595
supporting evidence, 593
in velocardiofacial syndrome, 173

self-awareness, 560
self-concept, 558–559
self-efficacy, 691
self-esteem, 44–45
self-expression, 44–45
self-injurious behaviors, 167
semantic memory, 61
semantics, 42
semaphorins/collapsins, 22
semicircular canals, 411
sensitization, 293–294, 294
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sensorimotor functions, 83, 83
sensorineural hearing loss (SNHL), 489
sensory fields, 103
sensory loss, 553
sensory modulation disorders, 222
sensory neglect, 62
separation anxiety, 40–41
separation anxiety disorder (SAD)

course, 291
description, 286
interventions, 300
SSRIs for, 598

serotonergic pathways
in anorexia nervosa, 309
in bulimia nervosa, 313
eating behaviors and, 307
maturation of, 590

serotonin
in ADHD, 226–227
in anorexia nervosa, 309
antagonists, 307
in autism, 121
eating behaviors and, 308
locus coeruleus sensitivity and, 293
secretion during gestation, 24
synthesis in autistic children, 200, 201

serotonin pathway, 291, 292–293
serotonin syndrome, 604
serotonin transporter, 268
serotonin transporter gene, 292
sertraline (Zioloft)

in anxiety disorders, 299
availability, 594
efficacy, 598
for pediatric depression, 273
pharmacokinetics, 594

sexual activity, 47
sexual automatisms, 457
sexual dimorphism, 104–105
sexual drives, 47
shaken baby syndrome, 528–529
shaping, 691, 693–694
Shh gene products, 17
Shprintzen syndrome. 

see velo-cardio-facial syndrome
shyness, 324
sibutramine, 307
sickle cell anemia, 386
sickle cell disease, 386–388
sign languages, 413, 414, 415, 417–418
sign tests, 77
Signing Exact English, 413
single-gene disorders, 672
single-nucleotide polymorphisms (SNPs),

671
single photon emission computed 

tomography (SPECT). 
see also functional neuroimaging

in anorexia nervosa, 310
in autism, 121–122
in bulimia nervosa, 314
in cerebrovascular disease, 124–125
functional imaging, 109
ictal, 114, 115, 115–116
interictal, 115
in MDD, 268
methodology, 110
postictal, 116

Tourette’s syndrome, 126
traumatic brain injuries, 537

sinovenous thrombosis, 390
sixth nerve palsy, 566
skating injuries, 526
skiing injuries, 526
Skinner, B. F., 690
sledding injuries, 526
sleep

active, 35
non-REM, 367
normal, 366–367

sleep—wake transitions, 379
sleep-disordered breathing, 369–372
sleep disorders

categories, 368–380
in children, 365–384
clinical guidelines, 367–368
meningomyelocele and, 552
pharmacological guidelines, 368
pseudoseizures and, 469
restless legs syndrome, 375–376

sleep-onset association disorder, 377–378
sleep paralysis, 373
sleep problems, 162, 311, 315, 368
sleep terrors, 367, 379–380
sleepwalking, 367, 379, 380
SLUG gene, 14
small for gestational age (SGA), 481, 491
Smith-Magenis syndrome, 190–191
smoking, 47, 229
Snail genes, 14
snoring, 369
snowboarding injuries, 526
soccer injuries, 525
Social and Attention Problem Scales, 490
social anxiety disorders, 141
Social Communication Questionnaire

(SCQ), 197
social development

in adolescence, 47
in blind children, 402
middle childhood and, 45

social-emotional functioning, 171
social histories, 52
social language use, 85
social learning theory, 691
social networks, 697
social phobia (SP)

course, 291
description, 288
genetic studies, 293
interventions, 300
SSRIs in, 598–599

social quotient (SQ), 706
Social Security Act, 716–717, 722
social skills, 407, 560, 689
social support, 697
socialization, 42, 46–47
socioemotional deprivation, 123
sodium oxybate (Xyrem), 374–375
sodium/potassium adenosine 

triphosphate pump, 23
soluble N-ethylmaleimide-sensitive factor

attachment (SNARE) proteins, 227
somatic mosaicism, 678
somatic symptoms, 532, 532
somatosensory examination, 64

sonambulism. see sleepwalking
Sonic hedgehog glycoprotein, 16
Sonic hedgehog (Shh) genes, 6, 10
Sotos syndrome, 191
Southern blotting, 670–671
span tests, 85
spastic cerebral palsy, 492
spastic diplegia, 124–125, 125
spastic hemiplegia, 494
spastic paraplegia, 673
special educational services, 487, 576
specific phobias, 288
speech, 59, 83–84, 348. see also

communication skills; language
speech perception, 349
spelling ability, 59
Spemann, Hans, 6
Spielmeyer-Vogt disease, 127, 127
spina bifida, 549–560, 550
spinal cord, 9, 11
spinal muscular dystrophy, 64
spinobulbular muscular dystrophy, 678
spinocerebellary atrophy, type I, 678
spiral cleavage, 4
spleen enlargement, 68
sports injuries, 522, 524, 525–526
sports-related injuries, 529–530
St. John’s wort, 595, 637
Stanford-Binet Intelligence Scale, 54, 56,

152
State, Thompson v., 726
state laws, 717
State v. Woody, 723
states of consciousness, 38
statistical parametric mapping (SPM), 207
status dystonicus, 430
status epilepticus, 529
stepping reflex, 37
stereocilia, 411
stereognosis testing, 61
stereotypies, 442
stereotypy, 404
“sticky fixation,” 162
Still, George, 215
stimulants

abuse of, 617
drug interactions, 617
duration of action, 613
initiation, 615–616
maintenance, 616
monitoring, 616
neuropharmacology, 612
overdoses, 618
pharmacokinetics, 612–613
safety, 616
supporting evidence, 593
in traumatic brain injury, 538

stimulants/amphetamines, 331
stimulus discrimination, 691
Stop Signal Paradigm, 221
story-telling tasks, 161
strabismus, 400, 488
stranger anxiety, 39, 40
Strategic Family Therapy, 335
strength, 65, 65
streptococcal (GABHS) infections,

289–290
stress, 296

Index 745

75191_Index.qxd  10/7/05  20:20  Page 745



striate cortex, 354, 404
striosomes, 427
strokes

ADHD and, 321
intracranial neoplasms and, 77
ischemic, 385–395

Stroop tasks, 56, 156, 269
structural theories, 31
Sturge-Weber syndrome, 68, 118, 118
subacute sclerosing panencephalitis, 128
subject selection, 97–98
substance abuse/dependence

assessment, 333–334
bulimia nervosa and, 315
chronic effects, 330–333
cravings, 326
development of, 325–327
genetic influences, 327
long-term effects, 331
maternal use, 333
mood disorders and, 270
physical dependence, 326
prevention, 334
reinforcement of, 325–327
treatment, 334–336
withdrawal, 326

substance P, 24
substance use disorders (SUD), 321–341,

322
acute detoxification, 334–335
community studies, 321
interventions directed toward, 335
mood disorders and, 264
neurological dysfunction, 323
neuropsychological deficits, 323–324
risk factors, 323, 323, 334, 335
temperamental traits, 324–325

substantia nigra pars compacta (SNC), 427
substantia nigra pars reticulata (SNR), 427
successive approximations, 691
succinylcholine, 662
sucking reflex, 35, 37
suicidal behaviors

adolescent-onset depression and, 266
in anorexia nervosa, 312
antidepressants and, 608–609
anxiety disorders and, 289
marijuana use and, 331
paroxetine and, 273
pediatric antidepressants and, 603–604
substance abuse and, 332
tricyclic antidepressants and, 612
venlafaxine and, 273
white matter hyperintensities and,

267–268
sulci, formation, 21
S.U.N.Y. Health Sciences Ctr. of Brooklyn,

Garcia v., 719
superior colliculus, 21, 412
superior olivary complex, 411, 412
superior temporal gyrus, 104
Supervised Children Manifest Anxiety

Scale, 298
Supplemental Security Income (SSI),

716–717
support groups, 680
support services, 707

supratentorial astrocytomas, 570
supratentorial tumors, 567
surgery, in brain tumors, 569–570
Sutton, Karen, 717
Sutton v. United Air Lines, 717
Sydenham’s chorea, 222, 434
symbol sequencing, 62
symbolic activity, 41
symbolic play, 158
symmetric tonic neck reflex, 37
symptom-triggered therapy, 335
synaptic pruning, 99, 114
synaptic vesicle docking fusion protein

25-kDa (SNAP-25), 227
synaptogenesis, 19, 23
synucleinopathies, 444
System to Plan Early Childhood Services

(SPECS), 704, 705
systematic desensitization, 691
systemic lupus erythematosus, 435

T
tabula rasa theory, 31
tactile defiensiveness, 155
tactile direction movement, 61
tactile discrimination, 399–400
tactile perception, 556
tardive dyskinesia, 434–435
task analysis, 691
TEACCH model, 202
Teacher Rating Scale, 171
tectorial membrane, 411
telencephalon, 11
temper tantrums, 41, 324
temperament

characteristics, 33, 33–34
in clinical practice, 35
definition, 33
profiles, 141
substance use disorders and, 324–325

Temperament and Atypical Behavioral
Scale (TABS), 703

temperamental theory, 32–33
templates, 702–703
temporal lobe epilepsy (TLE)

description, 453–455
diagnosis, 456
interictal FDG-PET, 114
treatment, 456

temporal lobectomy, 455, 456
temporal lobes

hypoperfusion in anorexia, 310
maturation, 104
tumors, 568

temporal profiles, 50–51, 51
tenacin, 18
Tennessee v. Lane, 720
teratogen exposures, 77
teratological exposures, 676
Test of Early Written Language (TWEL),

80, 82
Test of Word Reading Efficiency, 358
test-retest performance patterns, 91
test scores, 86–87
tethered cord, 555–556
tetrabenazine, 440
tetrahydrobiopterin, 681

Texas Consensus Conference Panel, 596
thalamic deep brain stimulation, 430
thalamic nuclei, 294
thalamus, 207, 426
The Origins of Intelligence (Paiget), 36
Theory of Mind tasks, 161
therapeutic drug monitoring, 591
thioridazine, 440
thiothixene, 440
Thomas, Alexander, 33
Thompson v. State, 726
thought disorders, 204
threat-response neurobiology, 293–294,

296–297
threshold of responsiveness, 33, 34
thrombospondin, 18
thrombotic vascular occlusion, 389
thumb sucking, 35
thyroid disease, 163, 270
thyroid hormones, 314
thyroid-releasing hormone (TRH), 309
tiagabine, 636
tiapride, 440
tic disorders, 437–441

ADHD and, 615
antidepressants in, 608–609
atypical antipsychotics in, 631
etiological classification of, 439
pathogenesis, 439–440
treatment, 440–441
tricyclic antidepressants in, 610

time estimation, 222–223
time-out procedures, 694
TOAD-64 gene, 22–23
tobacco, 330
tocolysis, 482
toddler years

behavioral inhibition in, 143
child development, 39–42
development in, 42
dyslexia in, 350–351
insomnia, 376
language development, 41–42
normal anxiety, 286

Todd’s paralysis, 389
token economies, 694–695
tone, 64, 65
tonic neck reflex, 496
topiramate

adverse effects, 628
in bipolar disorder, 275
for juvenile myoclonus epilepsy, 462
neuropsychopharmacology, 626–628
for temporal lobe epilepsy, 456
weight loss and, 627

TORCH infections, 410
total cerebral volume

age-related changes, 101, 101
in autism, 199–200
in children with ADHD, 223
in velocardiofacial syndrome, 172

Tourette, Georges Giles de la, 437
Tourette’s disorder

ADHD and, 218–219, 230
atypical antipsychotics in, 631
basal ganglia and, 428
description, 437–441

746 Index

75191_Index.qxd  10/9/05  23:19  Page 746



Tourette’s syndrome, 126
Tower of Hanoi, 198
Toyota Motor Manufacturing, Kentucky, Inc.

v Williams, 718
Trail Making Test, 198
transactional models, 32
transcription factors, 5
transductive reasoning, 41
transferrin receptor, 375
transplantation, neuronal, 17
transport-related accidents, 522
traumatic brain injuries, 507–547

age-at-injury, 534–535
ages, 522
behavior management strategies, 

539
behavioral disorders and, 534–536
definitions, 507
diagnosis, 536–537
education, 539–340
epidemiology, 521–523
falls and, 77
incidence rates, 522
inflicted, 529
lesion location, 535–536
levels of severity, 520–521
management in acute settings,

537–538
mechanisms of injury, 522–526, 524,

524–525
methylphenidate in, 615
mild, 527
neurodiagnostic studies, 537
neurological deficits, 531, 533
outcomes, 530–536
pathophysiology, 526–630
psychiatric disorders and, 534–536,

536
psychosocial factors, 535–536
rehabilitation, 539–340
severity ratings, 521, 522, 534

trazodone, 606–607, 608
treatments, legal rights and, 723
tremor, 430, 444
tricyclic antidepressants, 609–612

activation/switching, 612
for blind patients, 407
initiation, 611
interactions, 612
monitoring, 611
overdoses, 612
pharmacodynamics, 610
pharmacokinetics, 609–610
pharmacotherapy, 610–612
safety, 611–612
suicidality, 612
supporting evidence, 593

trifluoperazine, 440
trigonocephaly, 67
trihexyphenidyl, 433
triiodothyronine (T3), 309
trisomy, 673
trisomy 21. see Down syndrome (DS)
trypsin secretion, 5
tryptophan, 122
tryptophan depletion testing, 313
tuberous sclerosis, 68, 119, 672

tuberous sclerosis complex (TSC), 14, 15,
119

Turner syndrome (TS), 163–165
behavioral aspects, 164
epidemiology, 163
genetics, 163–164, 191
learning disability in, 121
management, 165–166
neurocognitive profile, 164
neuroimaging studies, 165

twin studies
on anxiety disorders, 291
of dyslexia, 356
Environmental Risk Longitudinal Twin

Study, 347
schizophrenia, 676
of tics, 440
of Tourette’s syndrome, 440

TWIST genes, 9–10, 14
tympanic membrane, 411
tyrosine hydroxylase, 228

U
ulcerative colitis, 163
ultrasound, head, 69
unc-33 gene, 23
uncovering reflex, 37
uniparental disomy, 677
United Air Lines, Sutton v., 717
United Parcel Service, Inc., Murphy v., 718
United States Constitution, 715
unstable repeat sequences, 678
Unverricht-Lundborg disease, 436–437
upper airway resistance syndrome,

370–371
upper motor neuron, 64
urinary tract infections, 555
use-dependent development, 297
“use it or lose it” hypothesis, 103–104, 351
Usher’s syndrome, 409–410
utricle, 411

V
vagal nerve stimulation, 456
valproic acid

for absence epilepsy, 461
in aggressive behaviors, 623
birth defects and, 549
initiation, 624
interactions, 625–626
for juvenile myoclonus epilepsy, 462
for Landau-Kleffner syndrome, 464
monitoring, 624
in mood disorders, 620, 623
for myoclonus, 437
overdose, 625
pharmacodynamics, 620
pharmacokinetics, 620
side effects, 624–625
for Sydenham’s chorea, 434
for temporal lobe epilepsy, 456

value system development, 47
variable-number tandem repeats (VNTRs),

671
vascular congestion syndrome, 530
vascular development, 25–26
vasculitis, 386

velocardiofacial syndrome (VCFS),
169–172, 190

appearance, 169
genetic features, 169, 171
management, 172–173
neurocognitive profile, 170
neurological features, 170
psychiatric aspects, 170–172
total cerebral volume, 172

venlafaxine, 273, 606–607
ventralizing gene, 6
ventricle/brain ratios, 314
ventricular enlargement (VE), 485–486,

550. see also lateral ventricles
ventricular-to-brain volume, 101
Vernanimalcula, 6
very-low birthweight (VLBW) infants,

229, 481, 486
viloxazine, 375
vimentin, 17
visceromegaly, 68
VISION 2020 initiative, 398
visual acuity, 399
visual-evoked potentials, 355
visual impairment, 397–398, 488–489
visual-motor impairment, 489
visual-motor skill testing, 45
visual system, 398–400, 401, 488–489
visuoconstructional function, 83
visuoperceptual function, 83, 556
visuospatial function

assessment, 83
attention/executive function testing, 57
in children with DS, 159
impairment, 558
in mental status exams, 54
testing, 61–62
Turner syndrome and, 164

vitamin A deficiency, 398
vomiting, 310, 566, 568

W
Waardenburg-Shah syndrome, 409
Waardenburg’s syndrome, 409
walking, blindness and, 402
Wechsler Intelligence Test for Children,

198, 417, 516
Wechsler Preschool and Primary Scale of

Intelligence (WPPSI), 54, 56
Wechsler series of intelligence tests, 80, 152
weight gain, 632
weight loss, 307, 310, 627
Weinberg Symbol Language and Commu-

nication Battery (SLCB), 57, 60
Weinberger’s neurodevelopmental model,

206
Wernicke’s area, 57, 120, 354
West syndrome, 117. see also infantile

spasms
wg genes, 10
white matter

age-related changes, 101, 102–103
in anorexia nervosa, 310
cerebral palsy and, 483
in children with autism, 199
frontal, 102
glial fibers, 18
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neuroblast migration, 21
parietal, 102
prematurity and, 230
temporal, 102
in velocardiofacial syndrome, 172

white matter damage (WMD), 484–485,
581

white matter hyperintensities, 267–268
Whitlock v. Mac-Gray, Inc., 718
“why” questions, 41
Williams, Toyota Motor Manufacturing,

Kentucky, Inc. v, 718
Williams syndrome (WS)

academic achievement, 162
appearance, 160
behavior profile, 190
brain structure and function, 162
description, 189–190
ERPs in, 145
genetics, 160, 189–190
hypersociability, 161–162
incidence, 160
management, 163

neurocognitive profile, 160–161, 190
neuropsychiatric disorders, 162

Wilson’s disease
description, 442–443
diagnosis, 443
Kayser-Fleisher ring, 50
neurofunctional imaging, 128
ruling out, 431

Wisconsin Card Sorting Test, 198, 218
withdrawal, 326, 434–435
Wnt-1 gene, 6, 10
Wnt (Wingless) gene family, 11
Woodcock-Johnson Tests of Achievement

(WJ-III), 59, 80, 82
Woodcock Reading Mastery Test, 59
Woody, State v., 723
word blindness. see dyslexia
working memory, 161
writing ability, 82

X
X-inactivation site (XIST), 163
X-linked inheritance, 672

xerophthalmia, 398
Xnot (Cnot) gene, 10
Xyrem (sodium oxybate), 374–375

Y
Yakovlev Brain Collection, 97
Yale Global Tic Severity Scale, 610
Young Mania Rating Scale, 623

Z
ZIC2 gene, 13
zinc fingers, 10
Zioloft. see sertraline
ziprasidone

in bipolar disorder, 276
metabolism, 634
neuropsychopharmacology, 

628–629
for tics, 440

zonisamide, 636
Zukle v. Regents, 720
Zurich Longitudinal Studies, 366
Zz’ra-3 gene, 9
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