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HANDICAPS AND DEVELOPMPITAL DISABILITIES

Developmental disabilities such as cerebral palsy, mental retardation', learning dis-
abilities and autism make up the majority of neurological problems seen in infancy
and childhood. The prevalence of learning handicaps per 1,000 children is con-
servatively estimated at 75;1 cerebral palsy between 4 and 5;2 mental retardation
with intelligence quotients of under 50 at about 3,3 and infantile autism at 0.5 per
thousend.4 It must be stressed that terms such as "cerebral palsy," "mental retarda-
tion," "infantile autism" and "epilepsy" are used as diagnoses, but they really
describe a constellation of symptoms and signs and not a disease..These handicaps
result from many diseases, some of which are known and others that are yet to be
described.

In each of the developmental disabilities-that we have enumerated, recent advances
in care and the i,eed for future research to improve that care may be described as
follows: () an increased understanding of the causes and pathophysiology that
result in these symptoms and signs; (2) prevention of the occurrence or a decrease in
the severity of developmental disabilities by treatment of their causes; (3) treatment
of the symptoms and signs themselves without reference to their etiology.

Cerebral Palsy

A. Recent Ad,.ances

For the purpose of this discussion, we will accept the definition of cerebral palsy as
"a disorder of movement and posture due to a defect or a lesion of the immature
brain."5 The incidence of epilepsy, mental retardation and learning disabilities is
higher in children whothave cerebral palsy, but these symptoms do not form an
emotial part of the definition Of the disorder. The most common motor manifesta-
tions of cerebral palsy are abnormalities of tone, which either can be decreased
(hypotonia) or increased (hypertonia or spasticity). Charges in tone generally are
associated with some weakness and with decreased dexterity in peNorming fine
motor movements. Dystonia, athetosis apd chorea may occur in some patients.
Ataxia and tremor when making voluntary movements are less common signs of
cerebral pals

A vari y of insults that can occur during pregnancy and delivery are associated with
a high ri 1251terebral palsy in the infant. Intrauterine insults such as viral infec-
tions, a epartum hemorrhage or toxemia haYe been identified as resulting in a
probable increase in the incidence of this disorder. Many children who develop
cerebral palsy, however, have a history of problems at or soon after birth. Risk
factors at his time include prematurity or postmaturity, low birthweight for gesta-
tional age, perinatal trauma, perinatal hemorrfOge, severe hyperbilirubinemia and
repeat co vuisions in the neonatal period.6

A in io contribution to the understanding of the pathogenesis and prevention of
cerebral palsy in children is that (a) in most instances, high risk factors occur at or
near the time of delivery, and (b) the pathology of the brains of many children with
cerebral palsy is consistent with their having been subject to a hypoxic-ischemic
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Insult. The description by Ranker et al.7 that periventricular leukomalacia .vas

common pathologic lesion in preterm infarcts with motor disabilities led to an examt-

naition of the fetal circulation, which indicated that thecerive.ntricular white matter
the preterm infant was a watershed area,8 which h-Ni a tenuous blood supply.

Lesions in term infants also have been more severe in watershed areas, such as those

between the anterior and middle cerebral arteries. When hemiparesis is a part of the
cerebral palsy syndrome, it often is associated with atrophy of one hemisphere, or

with a large porencephalic cyst in the vascular diStribution cf one vessel supplying
blood to that hemisphere, usually the middle cerebral artery. However, in many
instances cerebral palsy is not clearly related to vascular disease and occurs)n term
infants who have not had obvious problems during pregnancy and delivery. There-
fore, continued pathology and epidemiologic investigations of this population are
apt to be fruitful in identifying new risk factors.

Major advances have been made in reducing the incidence of cerebral palsy by
identifying high risk pregnancies, by the introduction ofletal monitoring to be sure
that prolonged periods of hypoxia and/or hypotension do not occur, by instituting
immediate resuscitation at the time of delivery, and by continuing care of compro-
mised infants in high-risk neonatal intensive care units.9' 10 Piompt treatment of
associated metabolic .derangements that may lead to seizures and further comoro-
&Ilse of the infant's cerebral circulation and oxygen supply also have improved the
management of the high-risk infant. Hypoglyce ia, hypocalcemia, hypomagnesemia
and hyperbilirubinernia can be recognized and tr ated prior to producing significant
symptoms, and thus decrease the risk of the d elopment of cerebral palsy in the
compromised neonate. Unfortunately, because f the great success in reducing
mortality by intensive perinatal care, the morbidity actually may have increased, and

it is not clear that the incidence of cerebral palsy really has decreasedsince many
neonates who might have died survive to acquire the disorder.

Substantial advances have been made in predicting infant populations that are at risk
for cerebral palsy or other developmental disabilities prospective y.'' In this
country, the major population study has been that of the collaborative perinatal
project of the National Institute of Neurological and Communicative Disorders and
Stroke.' 2 An assumption exists that states that if those children who are at high risk
for cerebral palsy are identified early, it might be possible to treat their symptoms
early in life and diminish their severity,. Recent experimentail investigations into the
plasticity of the nervous system, especially the visual system, indicate that environ-
mental manipulation does have an effect on the structure of the developing nervous
system.' 3. 1 4 It has been shown in subptimates that when targets for developing
axons are injured, these axons may enervate other areas. This observation, along
with the observation that the sensory motor area acts as a unit, and that motor
discharges are profoundly dependent upon sensory input,' 5 forms a theoretical basi
for the early treatment of cerebral palsy. Unfortunately, it has never been estab-,
lished that the motor cortex of the human infant can be modified sigr ificantly by
early regulation of basic motor patternsli or by altering sensory input.' 7

Knowledge of the identity, number and interactions of neurotransmitters with one
another through the investigation of the metabolism and iocatization of amines and



ammo acids viW-lin limited areas of the nervous system has led to the ernoincal
treatment of disorders of movement and posture with drugs designed to mimic
neurotransmitter function or alter the levels of such neurotransmitters as GABA,
dopamine, norepinephrir4 or acetylcholine. No drug or combination of drugs has
been entirely successful in relieving a motor disability in dosages that du not pro-
duce significant, deleterious side effects.' 8 Methods of surgically treating the dis-

abilities of cerebral palsy also have been developed. These include thalmotomy for
dystonia ano atheteisis, and chronic cerebellar stimulation for disorders of tone and
movement. Recent double-, , Ind evaluations of the latter surgical procedure suggest

that it may not Achieve its purpose." However, a better understanding of the
interrelationships of motor pathways within the central nervous system may lead to
improved surgical techniques fcr controlling the symptoms of cerebral palsy.

B. Research Goals

1. Continuing investigation of the biochemical basis of the development of r 'mal
movement directed at identifying the factors that control interrelationships b, veen

neurotransmitters at the synapse; the ways in which drugs may mimic or modify the
effects of putative neurotransmitters; and the developthent and testing of new drugs
that will be more effective in relieving the symptecs of cerebral patsy with minimal
side effects. Such studies first need to be undertalAn in suitable animal models and
later the informatio 1, applied to the study of children with cerebral palsy.

2. Further study int the physiologic interrelationships of neuronal populations,
emphasizing the potential of these interrelationships to influence movement dis-
orders. Animal models need to be used to better define the interrelationship be-

tween motor pathways in the damaged nervous system and whether ablation or
stimulation of one pathway can ameliorate the effects of injury in another. In
particular, the effects of sensory stimulation on the structure and function of the
damaged motor cortex needs to be evaluated in animal models.

Studies of the plasticity of the developing nervous system at all levels of cellular
organization and organ function need to be encouraged, using animal models with
defined lesions.

Further clinical studies are needed. (a) io correlate the incidence and prevalence of
nonprogressive movement disorders with etiology (if possible, the type of movement
disorder should be related to cause); (b) to develop new methods to reduce the
incidence of intrautern# infection, perinatal hemorrhage and hypoxicischemic
disease; (c) to establish what other parameters of change in the intrauterine environ-
ment create an increased risk for cerebral palsy; (d) to develop more sophisticated

ft.
tools for the measurement of the,severity and the rate of change of a movement
abnormality during therapy.
Current methods of treatment, including physical, occupational, drug, electrical and
neurosurgical procedures, should be evaluated on a double-blind basis. Relatively
homogeneous populations of chifdren need to be identified for these trials. There-
fore, accurate methods have to be developed to identify these populations in infancy
or very early childhood when intervention should potentially be most effective.
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Even if methods of early diagnosis of specifft groups of children are succetsful,
several problems exist before the effects of early treatment can be assessed ade-
quately. First, children with motor deficits are more likely to suffer from i trier
die lities, such as-psychomotor retardation or epilepsy, which may be difficult to
diagnose in'infancy. Second, any treatment requires a control population who would
not have the benefit of a specific intervention in order to account for the effects of
normal development. Yet, ethically, some form of habilitati,on will have to be pro-
videeor these children. The/6*ot habilitation supplied to the control population
must be sufficiently different from. that given to the study population to assure the

lidity of the investigation. Third, we are evaluating complex aspects of human
development over time, not just an isolated physiCal finding. For example, a drug or
a series of therapeutic maneuvers may improve tone or sitting posture, but does that
meant flas improved mental function or emotional control? Perhaps it has had the
opposite effp-. It will not be sufficient to limit the study of a treatment modality
to effe&s on motor control. This- means that a team of professionals will need to
cooperdte i designing and evaluating longitudinal studies during development.

Physicians, psychologists, educators, social scientists, therapists, physiologists and
biostatisticians will have to increase the coordination of their efforts In each treat-
ment study. This kind of cooperation has been rare in the past, but must be a
requirement for future research involving the care of disabled infants.and children
during development. The theoretical basis of many of these treatments has been
established, but their applicability to the human neonate eno developing infant and
child. has not bek proven because of the difficulties recounted above. It is essential
that the problems be recognized and overcome so that treatment programs that h-ede
been proven successful can be used to care for children with cerebral patsy.

Mental RetardJnon

A. Recent Advances

The definition of mental retardation we shall use is "Mental retardation refers to
significantly subeverage general intellectual functioning existing concurrently with
deficits in adaptive behavior, and manifested during the developmental period."'
The etiology of mental retardation may be broadly divided into three subcategories

) Destructive brain lesions that occur in utero or at about the-time of delivery. (hi
general, the same risk Motors discussed under the heading of cerebral palsy also are
associated with a higher incidence of mental retardation.) In addition, mental re-
tardation can result from hemorrhagic or inflammatory lesions that cause progressive
hydrocephalus, or retardation may be associated with chromosomal abnormalities or
problems in morphogenesis of unknown cause. (2) Disorders that are associated with
inheritect metabolic diseases. (3) Di ;orders that are the result of abnormal endocrine
function during pregnancy or in the neonatal period, such as hypothyroidism or
hyper- or hypoglycemia.

In recent decades, there have been major advances in defining the specific causes for
an individual's psychomotor retardation. Techniques for analyzing the accumulation
of substrates, such as amino acids, organic acids, fatty acids, hnids, mucopoirac-
chartdes or sugars, have become highly sophisticated 2 In whiny instances, -Jnknc.wn
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substrates can be identified by so:-.!utrorfietry d ;r1,3 ttil:r of hours to this,
rather than weeks to months as in th., past. In moss, disorders where substrat?.s
accumulate or are excreted .n excess quantities, it often has been passible to estab-
lish which enzyme is deficient and to what degree 22, 23 Fundamental hibchernical
research that established the concept of isoenzymes that act under different con-
ditions, often in different tissues, has beei seminal to understandiry the metabolic
basis of many cf these inherited cfsorders.24 Similariirarnatic advances have been
made in the field of chromosome analysis. Banding techniques have made it easier to
establish the existence of deletions, reversals or improper transfer if genetic material
watnin a chromosome or from onP chromosome to another. This has resulted in a
proliferation f.f chromosomal disorders in which retarded children with dysmorphic
features have been shown to have too much or too little genetic materia1.23 Rs
cently, families of retarded males, who usually have no dysmorphic features, have
been shown, have an anomaly of the X chromosome when the cells are grown in a
foiate-defitient media.26

A technology has been developed thdt-rnat<es it economically feasible to apply the
advances made in the diagnosis of causes of mental retardation to a large population.
Thus, screening for phenylketonuria is now mandatory throughout most of the
United States. Screening for other amino acid disorders also is possible, as is screen,
ing for the storage of galactose early in infancy, and for such endocrine disorders as
hypothyroidism. 27 Culture techniques for fibroblasts, amniotic cells and white
blood cells have become standardi4ed and relatively inexpensive, making it possible
to perform enzymatic or chromosomal analyses on small numbers of an individual's
cells grown in culture. These types of analyses allow for early identification cf
patients suspected of having an inherited metabolic disease (such identification, in
many instances, may be made in utero), and for the identification of carriers 23' 29

There remains the large number of retarded patients whose symptoms have no known
cause. Some of these patients have brains that appear to he grossly normal, .while
others have obvious developmental abnormalities such as hydrocephalus, lis-
senceohaly, or polymicrogyria. The recognition that intrauterine viral infections can
produce developmental as well as destructive lesions of the nervous system has been
a major landmark in understanding the possible cause of retardation in some chil-
dren who are born with major brain anomalies. The production of hydrocephalus in
utero by mumps,and other viruses in experimental animals, as well as the production
of cerebellar dysgenesis by an Intrauterine viral infection, have been major dis-
coveries." Awareness that, even when the brain appears to be grossly normal,
abnormalities in the microscopic structure of the neurons, particularly of the den-
dritic spines and their synapses, may be associated with mental retardation ts an-
other landmark in the investigation of the pathogenesis of retardation.31

The recognition that intrauterine and extrauterine disturbances may summate to
produce profound disturbances in brain growth and function, when a single insult
produces considerably less of a d urbance, has to be considered potentially impor-
tan t in understanding the et 'mental contribution to some retardation
syndromes.
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When the causes of mental retardation can Pc iderihried, often an be
vented or treated. Prey tendon involves idt;ntifcatinii of the fez tIdS d disease
titer° by enzymatic, or chromo;,ornal analysis and termination of toe pretjnancy, if
that is the family's desire. In many families in ,,,./I-hch the fetus is Kno,vn to he at risk,
this determination can be made at the end of the first rrinester of pregnancy with a
very high degree of accuracy.

Other disorders can now be treated. For example, pheriyikeonur.a, maple syrap
urine disease and other amino acidurias, which .,,volve the accumulation of ammonia
or organic acids, such as methylmalonic acid, can be treated by withholoiny sub-
strate32 or, in certain instances, by the addition of pharmacologic amounts of
co- factors such as vitamin B, or 8,2 ;33 hypol.hyroidism can be treated by replace-
ment of the hormone. If these therapies are instituted early Iii postnatal life, the
incidence of retardation from these causes drops markedly.34 Similarly, the Preven-
tion of severe hydrocephalus, either by repeated lumbar punctures, the use of
dehydrating agents such as glycerol, or shunting cerebrospinal fluid to the heart or
abdominal cavity, has resulted in improved intellectual functioning in that popu-
lation of infants and young children in which the hydrocephalus is the result of
obstruction of the flow of cerebrospinal fluid ratner than destruction of brain tissue.
Mental retardation that is the result of external insults, such as those enumerated VI
the section on cerebral palsy, or caused by poor fetal or infant nutrition, also :an Pe
prevented in whole or in part b/ early treatment.

The treatment of mental retardation as a symptom involves a positive-Toporoach
toward the education of these individuals. Perhap, the most significprtidvance in
this area is the realization that even the most profoundly retarded can be trained to
some degree by extending the 'techniques of operant conditioning to modify be-
havior rod to teach these children to perform some of the simple tasks needed for
everyday hving.3 5

B. Research Goals

Further research needs in the field of mental retardation are many. Valid animal
models should be developed that can be u..ed to study the putative causes of mental
retardation by appropriate anatomic, physiologic. and biochemical techniques. This
means that attempts have to be made not only to standardize cognitive tests used in
animal models and correlate these tests with alterations in physiologic, anatomic and
biochemical parameters in the brain, but also to develop metricris by which psycho-
logical tests validated in animal models will have some meaning in terms of hur-'an
psychometric function in disease.

It also is important to continue to study the effects of manipulation cif the env,ron-
ment in animal models, i.e., nutrition, overcrowding, sensory stimulation and de-
privation, etcetera, to better define the pattern of impaired f anction in later
correlating these environmental insults with anatomic physiologic and biochemical
factors in brain development. The effects of multiple insults should he studied, since
this is apt to occur in economically and socially deprived human ponula.,ons.
Studies of the effects of reversal of such insults should bit emphasized.
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It is important to continue research into vie prt:venftion of rental retardat on iahumans by continuing to define specific causes. Epidemiologic studies, th-2refore, arenecessary to establish the size of tne population in which triF.L. cause of this symptomremain.) unknown and to search for new clues about etiology. Studies are needed todefine the chances that a family will have a second retarded chil).1 if their first childis retarded and has no known inherited metabolic or degener bye disease. LGrigi-Ltudmal studies of the development of populations at reater ri for psyc'nornotorretardation, such as the preterm infant, are in progress,:" ano further investigationsneed to be encouraged.

Where causes are known, it is important to continu,e research into treatment. Forexample, continued exploration is desirable of technIques for the introduction ofenzymes into the nervous system and other organs to treat lipid and mucopolysac-charide storage disease. We know that certain disorders can be improved by the useof Co-factors, particularly vitarnins. Do other substances which act as co-factors forenz,symes, such as trace metals, have a similar heneficial effect with some suboopuia-bons of children with inherited mental retardation caused by a metabolic disorder?
4I t Is important to continue investigation of the environmental influences that mayresult in retardation, ooth in utero, i.e., maternal nutrition, placental function, andcontact with toxic substances, and in extrauterine life, i.e., the effects of adequatepostnatal nutrition. Early correction of minor sensory impairments, use of increasedsensory stimulation and the greater use of behavior modification programs to stimu-late learning or to improve behavior, beginhing in preschribl years, should beemphasized.

Investigations should be undertaken to look systematically for endocrine :nd neuro-transmitter abnormalities in populations of retarded children with the hone offinding more speci 'if: modes of therapy to improve Lehaylor and rrotiyaton.

Learning D;sabihties

A. Recent Advances

Learning disabilities are a heterogeneous group of disorders and may be defined intwo ways. The first definition concerns those people who, despite normal intelli-gence, are unable to acquire one or more selected school skills at a normal rate. Fora variety of reasons, such individuals have difficulty with either reading, writing,mathematics, or spelling. These individuals are said to have a specific learning dis-ability. A broader definition of learning disabilities involves people of normal orborderline intelligence who are unable to learn at a rate consistent with expectationsbased upon their intelligence quotient. This inability to learn may be caused byproblems with behavior, particularly_ with attention, as well as with an inability tograsp concepts or learn specific skills. Such children may have deviations that be-come manifest by various comhinatinns of impairmen+, of perception, corceptuaii-zation, language function, memory and control of attention, impulse or motorfunction.3

The causes of learning disabilities, be they specific or general, are poorly understood.There is certainly a higher incidence of learning disabled individuals in certain
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famili,s. It is not clear, however, ,itiether genetic vari,Ions, biochemical irregulari-
ties or insults to the brain durtrg development are responsible for these extremely
common and serious problems. f he majority of these children have not been sub-
rcted to recognizable stresses during pregnancy or birth. Endogenous or exogenous
insults, other than those commonly seen with cerebral palsy or mental retardation,
are probably etiologically related to the majority of children who have a learning
disability. Perhaps the major clue to the type of insult that may be looked for in the
future has been the observation that chronically elevated securn lead levels, insuf-
ficient to produce overt neurologic disease, may be associated later in life ;pith
deficits in attention and in learning.` 8

Despite a lack of specific etiologic causes for learning disabilities, the neural sub-
strate of these disorders has been investigated actively in recent decades- It has been
recognized that directed attention is fundamental to appropriate behavior and to
learning. The physiological mechanism by which groups of brain cells act in concert
to direct attention has been investigated, with considerable information 'derived
about the way in which cells in the association cortex filter sensory input and
control motor responses to that input.39

The biochemical basis of attention and behavior also has been investigated carefully
and the relationship of central noradrenergic and doparninergic synapses to hehavior
have been partially elucidated.' ° it is clear, however, that there are other suustances
apart from putative neurotransmitters that regulate the individual's ability to re-
spond to external stimuli. Intrinsic brain peptides probably exert a neuroregulatory
effect. Thus, the biochemical pharmacology of enkephalins, beta-endorphins, sub-
stance P, vasoactive intestinal polypeptide and othe} such substances clearly are
going to be important in the study of attention and behavior in the`fu tura, as is the
interrelationship between the production of hormones and brain function.
This purely biochemical approach to activity and attention has been challenged
repeatedly.41 This challenge stresses the fact that a child's behaviors are to a great
degree controlled by the demands of his environment. Hyperactivity, and by impli-
cation attention deficits, are felt to be best approached using biopsychosccial
models in which the child's interaction with the home and school environment is
considered at least equally with his constitutional makeup. Long-term follow-up
stut.lies of hyperactive children suggest they remain impulsive and fail to develop
good social skills or work habits. It is not clear from the few studies of older
hyperactive children that have been undertaken whether treatment of this disability
(a) needs to be continued into adolescence or even adulthood, (b) is effective in
inockfying adolescent behaviors if begun early in childhood, and (c) can be instituted
for the first time in adolescence with any benefit to the child.
The concept that there are critical periods in the development of behavior is an
exceedingly important one, especially when linked to the observation that the be-
haviors that develop during such periods in mammals or birds may be regulated by
enclogervusly riroduced substances, such as hormones, as well as by manipulation
of the external environment." 2' 4 3

Few, if any, remark'a le advances have been made in the treatment of ireirning
disabilities such as a developmental dyslexia or general disabiiitres resulting from
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behavaa. it problems or lack of a_ ttention Perhaps tie greatest step forward has been
the widespread recognition that these syndromes exist, that they represent a medical
disability, and that the children who suffer from them require special help. Many of
the procedures suggested for helping children with learning disabilities have not
received wide acceptance in the medical community and are extr,imely controversial
This includes the use of stimulants or other drugs that will alter the level of neuro-
transmitters in brain, the reduction of sugar and the removal of additives from the
diet, and the application of behavior modification techniques in the school situation.
Of the three approaches, the la ter may he the least controversial, since it is ouite
possible that drug therapy, in -iart, is effective because it readjusts the attitudes of
parents and teachers." Severa rolled studies have failed to demonstrate clearly
that a diet deficient in glucose an food additives increases att,ation appreciably,"
or that a small group of favorable responders to diet therapy waa affected adversely
by adding artificial colorings to their diet.4 6

There is a group of children whose attention and behavior ar e reasonably good, but
who have difficulty processing information either by the visual or auditory rout, It
has been po,a-ahle to achieve some rie.dree of success with these children by teaching
them the information they need to know to he effective citizens by alternative
methods. For example, poor auditory readers may be able to memorize what words
look like and develop a sufficient reading. vocabulary, rereembering and using the
information when it is presented in that manner. Children who cannot manipulate
numbers on paper may be able to Jo se with the use of a calculator. Innovative use
of electronic equipment is becoming recognized as a teaching n thod for treating
the symptoms of a learning disability and reelt: the functinnal impairment they
cause.

B. Researa h Goals

Research into (earning disabilities in the future depends upon better defining the
causes cif these disabilities. Specific syndrom, a need to be defined and epidemiologic
studies done to estimate their prevalence and incidence and to identify associated
risk factors. The possible genetic basis for such syndromes needs to he better estab-
lished.

Attempts need to be made to develop valid animal models for disorders of attention
and emotional lability which may inter fere with learning. This, in turn, means that
psychological tests have to be devised for animals that have some validity when
compared to standardized tests in humans. The development of such animal models
is a necessary prerequisite to understanding alterations in regional neurochemical
and physiological function that may underlie disorders of attention and behavior.
Such models also can be used to further elucidate the types of insults that may alter
learning and behavior, the period at which the organism is most susceptible to those
insults, and the biochemical basis for that susceptibility.

Irrespective of whether such models can be develooed in animals, it is important to
continue the investigation of the rieurophysiologcal and neurochemical substrates
that control normal animal huhavior during development and in adult life It is
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particularly important to clarify further the neurophysiologic mechanisms that
underlie the organism's ability to attend to a specific stimulus while eliminating
extraneous ones.

There is a need to characterize further specific syndromes that make up the hetero-
geneous population of learning disabilities in children. The development of test
procedures that will best identify these syndromes, and, if possible, predict them,
must receive a high priority.

It is extremely important to define whether or not there are critical periods for the
development of behavior apid learning in humans and, if so, during what stage in
development they occur, how they are regulated, how long they last and whether or
not the time at which they occur and their duraLion can be modified by externai
agents.

The treatment of symptoms needs to be improved. research is 'needed to provide
adequate information concerning the indications for drug treatment of children with
learning disabilities, the length of time these drugs should be administered, thei
long-term effects, and how to predict which drugs may be best for an individual
child. In addition, the development of new drugs and their testing need to be
encouraged. The mechanisms by which these drugs modify behavior should be
studied in human populations by studies of the turnover of neurotransmitters, levels
of ileuroregulators, and neuroendocrine funct4ort.

Populations of children with specific syndromes need to be studied, in order to
determine if exposure to organic or metallic substances in the environment at !ow
levels affects learning.

It is important to evaluate, in well-defined groups of children with learning prob-
lems, whether practices currently used in special educatio enhance the capacity of
these children to learn. 1f at all possible, such studies should be controlled.

Infantile Autism

A. Recent Advances

Autism ,vill be described as a s'iniptoin complex in which children have (a) a
delay in language development and abnormal speech characterized by bizarre
sounds, echolalia and jargon; (b) a lack of inteicst in other human beings
with poor eye contact,

marked
emotional attachments and an appearance of

Maloofness; and (c) a resistance to change in the ennment (al-
though unexpected changes that ordinarily elicit a sta.-de in normal infants
%nd children frequently fail to do so in the child with autism). These chil-
dren also may have periods of hyperactivity or hypoactivity and a short
attention span. They often exhibit a relative insensitivity to pain. Rutter
noted that such children do Netter when given tests of visual spatial function
or rote memory than they do with language or the processing of symbolic or
sequenced information. He felt a cognitive defect may be the primary handi-
cap in this disorder."
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The etiology of autism is unknown. There is no distinctive pathology described as
yet, although some have noted that the analysis of CT scans suggests that the
dominant speech area r'ilay be smaller with an enlarged left temporal horn when
compared to controls of the same age.46 Situations that put the fetus or infant at
risk to develop early infantile autism /irt the absence of mental retardation) have rut
been described.

The .investigation of the pathophystology of autism thus far has novielded particu-
lar benefits with regard .to the nature of the syndrome, its causes or its treatment,
though these studies tend to reinforce the idea that infantile autism is an organic
disorder." Physiological investigations have indicated a failure of sensory motor
integration and inadequate galvanic skin responses to auditory and visual stimuli in
autistic children, consistent with the observation that these children do not show an
adequate startle response. Vestibular nystagmus appears to be suppressed in many
autistic children. The rapid eye movement activity of the REM phase of sleep also is
decreaseu in infantile autism. Many of these responses resemble those seen in normal
infants at a younger age, suggesting a delay in maturation due to unknown causes:5°

A second line of research involves the metabolism of indoles in peripheral blood,
blood platelets, and most recently, in the cerebrospinal fluid. It also is possible that
ther' are abnormalities in brain dopamine and norepinephrine metabolism. However,
no consistent biochemical abnormality has yet been found.51

The treatment of the syndrome has proven to be as difficult as defining its causes.
Megavitamin therapy, particularly with pharmacologic doses of B6 has been advo-
cated,52 but the results have riot been consistent nor the studies designed to be
clearly double-blind and prospective. The same may be said,for the use of L-dopa in
the treatment of this disorder. Educationaldkerapy oriented toward a highly struc-
tured approach, using behavior modification techniques, has proved to have some
effect among a subgroup of autistic children.

B. Research Goals

1. Epidemiologic studies of the disorder to ascertain incidence, prevalence, and risk
factors. These studies should include detailed histories concerning pregnancy, birth,
and the neonatal period, to attempt to define early injuries that might interfere with
normal brain maturation.

2. Coqtinued physiologic, psychologic, genetic and biochemical studies to deter-
mine cause of autism. Objective measures, which do not require cooperation on
the part of the patient, designed to test the child's ability to integrate different
modalities of sensory stimuli should be developed.

3. Evaluation of the pathology of the brains of autistic children, including use of
the Golgi technique.

4. Expansion of long-term prospective controlled studies on the efficacy of various
treatment methods.

5. Attempts to develop animal models for segments of the syndrome (it will prob-
ably be impossible to produce a model of the entire syndrome of infantile autism),
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in order that the developmental; anatomy and regional biochemistry of these animals
can be evaluated and perhaps lead to a better understanding of the syndrome in the
human population.

epilepsy

Epilepsy will be defined as two or more seizures occurring without fever and in the
absence of an acute insult to brain, such as trauma, infection, or a serious metabolic
disorjer stuch as hypoglycemia: Where specific types of epileptic seizures are dis-
cussed, we will use the International Classification whenever possible.53

TABLE 1

Tradifional Classification

A. -Generalized Seizures
Generalized seizures are bi-
laterally sytrimetrictl without
local onset.
1. Petit Mal
2. Grand Mal (tonic, clonic, or

tonic-clonic)

Unclassified Disorders
1. Myoclonus
2. Atonic seizures
3. Akinetic seizures
4. Infantile spasms

Focal Motor or Jacksonian SeizuresI
Temporal Lobe or Psychomotor
Seizures

International Classification

A. General,ed Seizures
Generalized seizures are bilaterally
symMetrioat without local onset.
1. Absence seizures
2. Tonic-clonic seizures
3. Clonic seizures
4. Tonic seizures

5. Myoclonus
6. Atonic seizures
7. Akinetic seizures
8,jnfantile spasms

B. Partial Seizures ( -,e cures beginning
locally)

1 With elementary or simple symp-
tornatology (generally without
impair ed consciousness)

a. Motor symptoms
b. Sensory symptoms
c. Autonomic symptoms
d. Compound forms

2 Temporal Lobe or Psychomotor
Seizures with Complex Sympto-
matology (generally withmpair-
ment of consciousness)
a. Impairment of conscious-

ness only
b. o mptoms
c. Effective symp
d. Psychosensory
e. Psychomotor automatisms
f. Compound forms

Partial Seizures that become
secondarily generalized

3.
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The prevalence of epilepsy in the entire population of the United States iapproxi-
mately 5 to 6.5 per 1,000 people.54 However, seizures are more commo in chil-

dren, and in the first 5 years"' 55, 56 of life the incidence of convulsions
estimated to range between 2% and 6%, the majority being febrile seizures. While
prevalence and incidence vary eiidely from one study to another, epilepsy is a
childhood disorder, because about 75% of alt epileptics develop their symptoms

prior to 21 years of age.57

A. Recent Advances

In the past decade, primarily because of the excellent statistics gathered in the
collaborative perinatal project of the NINCDS, it has been possible to better define
the symptoms and consequences of febrile seizures as compared to epilepsy. It
always had beer. recognized that there were families that had a tendency to have
seizures with fever during infancy and early childhood. However, these were thought

to be generalized and brief; when prolonged or focal, such seizures frequently were
diagnosed as epilepsy, even though they occurred with fever in children who were
otherwise perfectly normal. Thanks to the excellent epidemiologic investigations
resulting from the perinatal study, we now know that these complex febrile seizures

are not associated with a significantly higher incidence of epilepsy later in life, unless
the patients already have other signs of neurologic damage or there is a family
history of epileptic seizures." The distinction has saved many children from being
treated unnecessarily and many families from years of concern that their child might
be an epileptic. Tots evaluation of febrile seizures should serve as a model for needed
future epidemiologic stud JS concerning the prognosis of specific seizure subtypes.

Perhaps it is necessary to follow the if histories of patients with epilepsy more than
the children with, any other developmental disability, because over the centuries,
epilepsy, which often is benign, has been considered a catastrophic and permanently
disabling illness. There are now two excellent studies that indicate that seizures cease

in a proportion of childhood epileptics as the brain develops."' 6

Further investigations are necessary to better define which populations of epileptic
children have the best prognosis, whether there is any d'fference in their life span
compared with that of the normal child before or after puberty, whether they
continue to be at greater risk for injury while performing tasks required in an
industrial society, qnd whether the intelligence of epileptic children remains stable

over the years and is commensurate with their educational achievement. Epidemio-
logic information remains a necessary prerequisite for many cif the clinical studies
that should be undertaken on populations of epileptic chydren in the next decade.

The biochemistry and physiology of epilepsy and its eff is on the developing brain
have been described much more clearly in recent years, udy of the neurochemistry
and neurophysiology of epilei,t;c discharges has bee771 anced by the use of several

kinds of animal models. One strain of mice has a heredit ry susceptibility to audio-
genically induced seizures. Generalized seizures also ca be provoked by electro-
shock or the use of drugs administered systemically, such as strychnine or pentylene-

tetrazol.61 Focal seizures have been produced by direct application of drugs to
brain, notably penicillin62 and cobalt. Topical applicatic of acetylcholine to the
cortical surface also produ 'ces focal seizure activity.
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While excitatory neurotransmitters, such as acetylcholine and glutamic acid and
chemicals that deplete the brain of an inhibitory neurotransmitter, gamma amino
butyric acid, can produce seizures, the exact mechanism is known by which these
biochemical alterations produce neuronal depolarization and repetitive firing of
nerve cells. Energy is required for the maintenance of an electrochemically stable
cell membrane, and drugs that interfere with energy metabolism or wit embrane
transport of sodium and potassium will result in a cell that is more likely to roduce
an epileptic discharge.63 This, in turn, may be affected by cyclic nucleotide I els in
different brain areas." A number of directand indirect methods are available now
to measure energy metabolism in relation to a seizure. One of the major discoveries
of the las' decade has been that 2-deoxyglucose will be taken up at a rate propor-
tional to the use of glucose in a brain area, but is not further metabolized. There-
fore,fore, radio-labelled 2-deoxyglucose can serve as a measure of glucose utilizatio.
animal models." It also is possible to freeze brains rapidly and measure levels of
high energy phosphate compounds directly.66 In the human, both cerebral blood
flow, glucose utilization and depletion of high energy phosphates during an epileptic
discharge can be measured by the use of positron emission %tomography" and
nuclear magnetic resonance. There is no doubt thk these- techniques will be im-
proved in the next decade to make more precise measurements possible in children
with various kinds of seizure disorders.

Studies of developing animals make it clear that without artificial respiration during
a sustained seizure, the brain incurs a severe oxygen and energy debt and acidosis
occurs.6 8 Even with artificial ventilation, the brain cannot sustain its normal rate of
DNA, and protein synthesis and seizures during development may result in perma-
nent damage." There is little reason to believe that these biochemical changes,
which have been elucidated in animal models, are not applicable to humans.70

Knowledge of the neurophysiologic substrate of epileptiE seizures also has been
expanded in the last decade. Normal neuronal function is basic to the understanding
of the seizure mechanism. It long has been known that the neuronal membrane is .

not impermeable to sodium, potassium and chloride, and that while they are dis-
tributed unequally in the intra- and extracellular splaces, they can move across the
cell membrane. It is known now that excitatory neufotran ers directly affect the
flux of both sodium and potassiur, resulting in arization of the membrane,
while inhibitory neurotransmitters stabilize the membrane by increasing the selective
permeability to chloride. It still is not clear hoW4he interaction of inhibitory and
excitatory postsynaptic potentials occurs on the surface of,a single cell membrane to
permit or inhibit the call's discharge. Apparently the potentials of many synapses
summate, resulting in excitation that overcomes the protective hyperpolarizing
action of the cell that follows a single discharge. The cell then begins to fire at an
abnormally high frequency. These oscillationssare recurring depolalzations and,
when they occur in many cells at. the same time, they reflect on the surface.of the
brain as a spike. An epileptic seizure, therefore, represents the oscillations of de-
polarized membranes of many thousands of cells. Seizure termination is associated
with hyperpolarization which may be caused by the actions of a sodium pump and,
in part, from the removal of extracellular potassium from the area of excitation by
gl ial cel I s.71
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The basic neurophysiology of the epileptic cortex needs a great deal of further
study. The mechanism; that have been described are simple ones, and in order to
understand the effect of antiepilep tic drugs in preventing focal seizure discharges
and their spread to other cells, a great deal more must be learned about the surface
membrane of the neuron, its response to putative neurotransmitters, and thit,control
of the ionic environment of the cell in relation to the summation of excitatory
postsynaptic potentials. There is every reason to expect that fundamental investi-gations of membrane neurophystology and cell neurochemistry eventually will
further our ability to control epilepsy.

Even more striking advances have been made in the diagnosis and treatment ofepilepsy over the last decade, and these may be expected to continue in the future.
Epilepsy is a symptom that is cl. gnosed by evaluating the patient's history. The
electrical evaluation of brain active y (the electroencephalogram, or EEG) only as-
sists the physician in making the agnosis of an epileptic seizure. The EEG, how-ever, can be very helpful to corn ate unusual symptoms and signs with disturbed
cortical electrical function. Ext sled recordings, with Cito without concurrent tele-vision monitorinof the patient, can aid in this correlation. Suph recordings may be
made on tape or on regular EEG paper. The informatiOn is transferred to a computercapable- of analyzing the frequency of paroxysmal transients during a specific time
interval. ,Extended EEG recordings with monitoring of the pa4ient's behaviors by
television have proved useful in defining the clinical repertoire seen with petit mal
seizure disorders72 An the treatment of intractable epilepsy73 and in identifyingpatients whose unusual paroxysmal movements may,not be epileptic (possible
pseudoseizures).74

While it is unusual for epileptic seizures to occur in children as the result of a tumoror va,cular malformation withi2ut the presence of other symptoms and signs of
neurologic disease, some children with focal seizures do have silent lesions, especiallyin the frontal or temporal lobes that now can be identified easily and safely, using
computerized tomography.75' 7b
There are three important methods of treating epileptic seizures: the use of anti-
convulsant drugs, the ketogenic diet, and surgical procedures to reduce or eliminate
seizures. During the last decade, three major drugs have been added to our arma-
mentarium for the treatment of seizures in children clonazepam, which is effective
primarily against myoclonic, atonic and akinetic seizures; carbamazepine, which iseffective against partial seizures with either simple or complex symptomatology; andsodium valproate, which is effective against a wide range of generalized seizures, butis particularly useful in treating infantile spasms, massive infantile myoclonus,
akinetic seizures and petit mal. Our understanding of the pharmacokinetics of thesedrugs is incomplete, and we .know very little about how they or any other anti-
epileptic medicine works in the nervous system at the cellular level.77 There is nodoubt, howevf , that these drugs, taken singly or in combination, have made itpossible to obtain satisfactory control of seizurertfra4kaber of children who were
hitherto considered hopeless. Sodium vOproate is a drug that is of particular interest
because it is a branched-chain fay acid, unlike all other drugs now in use forcontrol of epilepsy. It therefore introduces the concept that antiepileptic drugs may
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not need to have a barbituric-acteor other ring structure in order to be effective.The biopharmacologyAf these medications needs to betetter understood. In fact,much more work needs to be done to understand the biokinetics of drugs that havebeen in use for much longer periods of time, such as phenytoin.78 The toxic effectsof antiepileptic medications when used in pregnancy only recently have been de-scribed, and the magnitude of the danger has yet to be estimated accurately."The ketogenic diet is not a new form of therapy; it was introduced in the 1920s."Ithas been resurrected in recent years, however, with considerable success in thetreatment of atonic, akinetic and myoclonic seizures. Once again, as is the case withmany new and old antiepileptic drugs, the mechanism of action of the.ketogenic dietis not certain. It seems to be related, however, to the utilization ofketone bodiesand ketoacids rather than glucose as energy sources by brain. Why this confers aprotectiveeffect is uncertain.8° Prolonged uele of the ketogenic diet creates prob-lems that have yet to be evaluated thoroughly. It is known that the absorption ofcalcium and vitamin D is reduced, and that these substances must be supplementedin patients receiving the ketogenic diet for any length of time. The long-terth cardio-vascular effects of a high fat d:et have not been well studied. Since the ketogenicdiet is a valuable addition to the armamentarium of the physician treating theepileptic child, these matters require investigation over a period of years.Major strides have been made in the surgical control of seizures. f sically, thesurgical control of epilepsy still centers about removal of an identifidble seizure
focus. Until recent years, however, such foci had to be identified ctinifally or by the
scalp EEG. Neither method was highly ,successful in identifying either frontal ormesiai-temporal foci that produce a great many focal seizures with or without sec-owery generalization. Seizures originating from these areas are often especiallydifficult to control. Advances in electrophysiology have been applied to the clinicalidentification of seizure foci. Depth elecAdes r)pw can be placed in the mesial-temporal cortex to identify electrical

discharges associated with partial seizures withcomplex symptornatology.81 Batteries of ext- Aural electrodes can be placed forlong periods of time and the patient seizure activity recorded simultaneously withhis EEG on a split-screen
television monitor. It is possible therefore to see EEGchanges in dural electrodes prior to the onset of clinical seizure. This allows preciseidentification of the focus.82

It frequently is necessary 'to know whether t e focus lies in an area that is active,
ne that controls important language, mov meat or sensory functions). There is
II no foolproof way of identifying whether seizure focus in the dominant hemi-here inf the posterior frontal, parietal or posterior temporal region is involvedactively in language function, It is possible, however, by recording evoked responses

from the cortical surface to identify the sensory motor area and the primary audi-tory and vis4a1 cortices. The technique allows the surgeon to evaluate whether an
area of danzhed

epileptogenic cortex still is involved in important sensory motorfunctions, or serves as an auditory or visual receptive.area. It is to be hoped that inthe near future techniques will be devised to allow similar identification of areas thatare essential for the processing of language and for conceptual speech.
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Other surgical techniques have been advocated for control of epileptic seizures, but
their effects are much less certain. Chronic cerebellar stimulation is thought to
inhibit cortical, seizure foci and lessen seizure activity, although recent studies sug-
gest that this may not be the case.8384 Section of cerebral commissures, notably
the corpus callosum, is felt to reduce the incidence of generalized seizures where a
focus cannot be identified.85 This type of surgery nceds to be evaluated much more
carefully in the next decade. It differs in principle from removal of an epileptic
focus in that the object of the surgery is to prevent spread of the seizure activity and
its generalization to the opposite hemisphere, while the object of removal of a
seizure focus is to eliminate the source of theepileptic activit .

B. Research Goals

Over the next decade improved care of the child with epilepsy is going to depend
upon research on many levels. We must improve our biochemical and physiological
understanding of what happens to a single neuron and a population of neurons
before, during and immediately after an epileptic discharge. The metabolic pre-
requisites for membrane depolarization, as well as the metabolic consequences of
prolonged seizure activity, need to be clarified. Basic knowledge of this kind is a
necessary prerequisjte to our understa ';ng of how drugs may work to abort epi-
lep/ic seizures. It is also essential to . his type of information if we are to learn
about the ways in which repeated or prolonged epileptic seizures diminish brain
function in some children, and how to prevent those unfortunate results.
The development of new drugs for the treatment of epilepsy cap evolve in three
ways: serendipitously; by systematically altering the structure of existing drugs; and
by developing drugs of new and unique structures based upon our knowledge of how
existing drugs prevent the development or spread of seizure activity. No major drug
has been developed by this last method of approach, yen though it would appear to
be the most logical. The reason for that is that we know almost nothing about how
any of the major antiepileptic drugs affect cell function at a molecular level. It is
extremely important that this research continue, in order to see whether there are
common effects that are responsible for the success of different drugs that prevent
seizure activity. En addition to animal models for testing drug effects on seizures and
studying their biochemical effects on neuronal populations, it is now possible to
evaluate these drugs in cell culture" and in isolated organ cultures, such as the
hippocampus which has been transplanted to the anterior chamber of the eye.87 It
is also important that we better understand the effects of the ketogenic diet on
neuronal metabolism and seizure prevention. Answering the question of why a nerve
cell is more resistant to depolarization when metabolizing ketones and ketoacids
instead of glucose may reveal basic information about the excitability of neuronal
cell membranes.

While investigations are taking place at this la 'el, more clinically oriented studies are
ne to test the efficacy of new drugs and new surgical techniques. The toxic

roperties of drugs used to control seizures during pregnancy and in prematures and
neonates should be investigated much more carefully and compared to the possible
benefits of seizure control.
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Control of epilepsy by surgical excision of brain tissue must De made as safe as
possible. Many epileptic foci removed surgically exhibit changes that are consistent
with a chronic encephalitic protess,88 although to the best of our knowledge, a virus
never has been cultured or isolated from this tissue. Since this appears to be one of
the common. pathologic substrates of uncontrolled seizure activity, continued inves-
tigation is extremely important of patients with chronic uncontrollable partial sei-
zures for a possible infectious cause of a low grade focal encephalitis.

Similarly, there are certain types of seizures, such as those seen in the Lennox-
Gastaut syndrome and infantile spasms; that result in a high incidence of retardation
in children who were normal prior to the onset of seizure activity. The source and
cause of these seizure syndromes are unknown, and their strong association with
mental retardation remains a mystery.89 Techniques to investigate these problems,
using the PET scanner or other noninvasive, methods, should be given the highest
priority, because so rtieny of these children deteriorate mentally.

The general association of various types of seizure activity with psychomotor func-
tion, and particularly with the stability of psychomotor function over time, needs to
be investigated prospectively. Does good seizure control improve psychomotor func-
tion or school performance over a period of years? It is true that many children with
epilepsy do poorly in school, even though their psychometric functions are not
significantly below 'normal. The relationship between school performance, psycho-
metric performance and seizure activity needs to be studied. The psychosocial ef-
fects of epileptic seizures have been described but not quantitatively evaluated.90
Methods of doing so need to be developed, in order to gain some insight into why
many epileptic patients, who are not severely incapacitated, do not work.9 1

These are but a few of the problem; that face the medical community if it wishes to
reduce the inc ence of seizures in American children and improve the adjustment of
those who do de glop epilepsy so that they may live normal lives.

Summary

Approximately 8% to 10% of the pediatric population suffers from one or more
developmental disabilities. The most common of tnese are learning disabilities,
whic.1) include some behavioral problems, such as attention deficirchsorde.rs. Cere-
bral palsy, mental retardation, epilepsy and autism are other disabilities that occur
frequently in the pediatric opulation. While these terms are used as diagnoses, they

*"....,,actually refer to a constel atioe of symptoms and signs and not to a cl.sease. Fre-
quently, several of these cl,isorders coexist in the same child, who may have both
cerebral palsy, mental retardation and epilepsy,or epilepsy and a learningdisability.
The nature and severity of these disabilities vary from one individual to another. In
fact, each child is unique. One of the major problems for clinical investigators
working in the field of developmental disabilities is to define a population of chil-
dren that is relatively homogeneous, while still accounting for individual variables, in
order to evaluareethe effects of treatment. In order to do tins, the definition of
subcategories of developmental disabilities has to be made more strict, and the
description of test populations more precise.
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In many instances, no cause is found for a developmental disability. In other in-
stances, the end result may be an outcome of 'multiple causes, some genetically
determined or the result of disorders during intrauterine development; and others,
the result of external stresses superimposed upon the infant after birth. The ways'in
which multiple insults interact with one another to produce a deleterious effect on
brain structure and function require further investigation in human populations and
in animal models during the next decade. In addition, it is important to-study-41'6w
an advantageous extrauterine environment possibly may ameliorate the effects of
genetically determined or intrauterine insults. The study of the effects of multiple
insults almost certainly will make use of the concept of critical periods durifig
development. These are limited periods of time during which negative stresses or
positive reinforcements may be most potent in modifying the effects of a les(on.

Developmental handicaps result from mare! diseases that damage brarriaut the
symptoms and signs that they cause may be similar. It is possible that a symptom
told to the physician for example, a description of a partial seizure with complex
symptomatology or a sign he notices, such as spasticity, may have a common
pathophysiology irrespective of the cause that brought on that symptom or sign.

Past advances in the diagnosis and treatment of developmental disabilities and, in all
probability, future progress' depend upon: 11) an increased understanding of the
causes of this disorder; (2) prevention by treatment of causes; (3) an increased
understanding of the pathophysiology of the symptoms and signs that constitute a
developmental disability; and (4) realization that, in many instances, the symptoms
and signs themselves can be treated by understanding their pathophysiology and
without reference to their et:ology.

',Recently, there have. been remarkable advances in understanding the course of some
developmental disabilities, notably epilepsy, mental retardation and cerebral palsy.-,
But our knowledge about others, such as learning disabilities and autism, is still very'
limited. Understanding the darniged Prato, which is the source of a developmental
disability, is dependent directly upon knowledge of normal brain development.
Research into all aspects of normal brain development, such as neuroanatomy,
neurophysiology and neurochemistry, must continue.

Much of our knowledge of the principles of normal brairtdevelopment comes from
the study of animal tissues. Furthermore, animal models are required to study many
forms of brain damage, since it is possible to limit variables by restricting the extent
or duration of a lesion in an animal and to structure their environment; whereas,
lesions in humans are experiments of nature and thus Haphazard. It is not clear,
however, that an external injury inflicted upon an animal is a model for a genetic
disease in the human, even if the biochemical or structural changes produced are
similar.IMuch of the future work to be done in the field of developmental disabilities
must he done on human populations that suffer from these disorders. Contiued
intensive. epidemiologic Investigation is neec....-A1 of risk factors associated with cere-
bral palsy, mental retardation, epilepsy, and, in particular, with autism and learning
disabilities. Future epidemiologic studies should emphasize the possible additive
effects of multiple risk factors. It is to be expected that further advances in human
genetics, especially those in the identification and analysis of chromosomal defects
and in intermediary metabolism, will increase the number of treatable or preventable
Causes of developmental disabilities.
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It is even more important to realize that the effects of intervention can be defined
only in human populations. What are the effects of early treatment of motor or
mental deficits or the prevention of repeated seizures? Only studies of well-defined
populations,df children who suffer from these disorders may answer these questions.
As we indicated, every attempt has to be made to restrict variables and to attempt to
define a relatively homogeneous population, but we must accept the fact that we
will never find a group of identical children all having exactly the same background
and the same handicap. All research concerning the treatment of developmental
disabilities over time will require techniques for defining, ordering arid manipulating
one or more.primary and multiple secondary variables. This means that the future
study of the treatment of developmental disabilities will become increasingly
dependent upon progress in fundamental research in biostatistics.
We have reached a point where ve are beginning to translate some of our knowledge
of the development of the normal human brain into the treatment of the brain
damaged child. Diet, use of chemical co-factors to correct metabolic disorders, early
childhood 'training programs and programs to prevent the causes of developmental
disabilities are burgeoning. These disorders are chronic problems that are especially
stressful to parents who, in their frustration and their love for their children, often
seek any source of help that offers some hope or the possibility of cure. Past
experience shows, however, that this is no* a field where there are going tia be many
remarkable break throughs. Reliable, controlled investigation to define causes, to
treat them, and to prove the value of a specific therapy in reducing the consequences
of a specific symptom or sign is the kind of research that is needed. Given patience
and determination, the slow but steady protram of the medical, psychological and
educational communities will win this race.
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