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This pz2per summarizes the recent advances achieved by
research in the area of developmental disabilities, and discusses
directions for future research in this area. Approximately 8.to 10
per centr of the pediatric population suffers from one, or more "
developmental disabilities. The most common of these are learning
disabilities, which include some behavioral problems, such as
attention deficit disorders. Cerebral palsy, mental retardatign,
epilepsy, and aytism are other disabilities that occur frequently in.
the ped:atr:c population. Recently, there have been remarkable
advances in understanding the cause of some developmental
disabilities, notably epilepsy, mental retardation, and cerebral
palsy. However, knowledge about other disabilities, such as learnxng
disabilities and autism, is still very limited. Future progress in
the diagnosis and treatment of developmental disabilities depends
upon (1) an increased understanding of the causes of this disorder;
(2) prevention of the occurrence or a decrease in the severity of
developmental disabilities by treatment of their czuses; (3) an
increased understanding of the pathophysiology of the symptoms and
signs that Fonst:tute a developmental disability; and (4) a
realization that, in many instances, the symptoms and signs
themselves can be treated by understanding their pathophysiology and
without reference to their etiology. (Author/MP)
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HANDICAPS AND DEVELCPMENTAL DISABILITIES

- fud

Developmental disabilities such as cerebral paisy, mental retardation, learning dis-
abilities and audism 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;' cerebral palsy between 4 and 5:2 mental retardation
with intelligence quotients of under 50 at about 3,% and infantile autism at 0.5 per
thousand.* 1t must be stressed that terms such as “cerebrai paisy,” “mental retarda-
tion,” “infantile autism’’ and "epilepsy’’ are used as diagnoses, but they really
describe a constellation of symptoms and signs and not 2 disease. These handicaps
result from many diseases, some of which are known and others that are yet to ke
described, , .

In each of the developmental disabilities: that we have enumerated, recent advances
in care and the i1.ced for future research to improve that care may be described as
follows: (1) an increased understanding of the causes and pathophysiology that
result in these symptoms and signs; (2) preventian 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.

Qerebra] Palsy

i Recent Admnc_gs_

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 thie immature
brain.””> The incidence of epilepsy, mental retardation and learning disabilities is
higher in children who*have cerebral palsy, but these symptoms do not form an
esseatial part of the definition 6f 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). Changes in tone generally are
associated with some weakness and with decreased dexterity in performing fine
motor movements. Dystonia, athetosis apd chorea may occur in somé patients.
Ataxia and tremor when making voluntafy movements are less common signs of

cerebral pziIS)/. )

A varigty of insults that can occur during pregnancy and delivery are associated with
a highdy i3k T8 eerebral palsy in the infant, Intrauterine insults such as viral infec-
tions, ahNteparium hemorrhage or_toxemia have 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 this time include prematurity or postmaturity, low birthweight for gesta-
tional age)\perinatal trauma, perinatal hemorrt@ae, severe hyperbilirubinemia and

mpeij:(bco vuisions in the neonatal period.®

A mgjor/contribution to the understanding of the pathogenesis and p.evention 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
L 4
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insult. The description by Banker et al.’ that perwventricular leukornalacia was @
common pathologic lesion in preterm infartts with motor disabifities lad to an examt-
nation of the fetal circuiation, which indicated that thaxperiventricular white matter
i the praterm infant was a watershed area,® which had a t2nuous blood-supply.
Lesions in term infants also have been more severe in watiershed areas, such as those
between the anterior and middle cerebral arteries. When hemiparesis is a part of the
cerebral palsy syndrome, 1t often is associated with atrophy of one hemisphere, or
with a large porencephalic cyst in the vascular distribution cf one vassel supplying
blood to that hemisphere, usually the middle cerebral artery. However, tn many
instances cerebral palsy-is not clearly related to vascular disease and occurs n term
infants who have not had obvious problems during pregnarcy and delivery. Thera-
fore, continued patl;\ology 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 pregnancigs, by the introduction of*%etal monitoring to be sure
that prolonged periods of hypoxia and/or hypotension do not occur, by instituting
immedhiate rasuscitation at the time of delwery, and by continuing care of compro-
mised infants in high-risk neonatal intensive care units.® '% Péompt treatment of
associated metabolic derangements that may lead to seizures and further comuro-
rmise of the infant’s cerebral circulation and oxygen supply also have improved the
management of the high-risk infant. Hypoglycemia, hypocaicemia, hypomagnesemia
and hyperbilirubinernia can be recognized and trgated prior to producing significant
symptoms, and thus decrease the risk of the deyelopment of gerebral paisy in the
compromised neonate. Unfortunately, becausep! the great success in reducing
mortdlity by intensive perinatal care, the morbidity actually may have increased, and
it is not clear that the incidence of cerebral palsy really has cecreasedgsince many
neonates who might have die« survive to acquire the disorder. ﬁ

Substantial advances have been inade in predicting infant populations that are at risk
for cerebral palsy or other developmental disabilities prospectivey.'' 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.'? An assumption exists that states that if those children who are at high risk
for cerebral palsy are identified early, it might be possibie to treat their sympioms
parly it hife and diminish their severity, Recent experimentdi 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.'® ' It has been shown in subprimates that when targets for developing
axons are injured, these axons may enervate other areas. This observation, aleng
with the observation that the sensory motor area acts as a unit, and that motor
discharges are profoundly dependent upon sensory input,' > forms a theoretical basis
for the early treatment of cerebral palsy. Wnfortunately, 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 patterns'® or by altering sensory input.’’

Knowledge of the identity, number and interactions of neurotransmitters with ane
another through the investigation of the metabolism and iocalization of amines and
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amino acids within limited areas of the nervous sysiem has led to the empiricai
treatment of disorders of movement and posture with drugs designed to mimnic
neurotransmitter function or aiter the levels of such neurotransmitters as GABA,
dopamine, norepinephrin& or acetylcholine, No drug or combinatien of drugs bas
been entirely successful in relieving a motor disability in dosages that do not pro-
duce significant, deleterious side effects.'® Metnods of surgically treating the dis-
abilities of cerebral palsy also have been developed. These include thaimotomy for
dystonia ana athetosis, and chronic cerebellar stimulation for disorders of tone and
movement. Recent double-:- 1nd evaluations of the latter surgical procedure suggest
that 1t may not gchieve 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 paisy.

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 bc  veen
neurotransmitters at the synapse; the ways in which drugs may mimic or rnodify the
effects of putative neurotransmitters; and the development and testing of new drugs
that wil! be more effective in relieving the sympteqns of cerebral pajay with minima;
side effects. Such studies firsi need to be undertggn in suitabie animal models and
later th2 mformatio&pphed to the study of children with cerebral palsy.

2. Further study intb the physiologic interrelationships of neuronal populations,
emphasizing the potential of these interrelaticnships 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 al! levels of cellular
organization and organ function need to be encouraged, using animal models w:th
defined lesions. )

Further clinical studies are needed. (a) to correlate the incidence and prevalence af
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 intrauteriné infection, perinatal hemorrhage and hypoxicischemic
disease; (c) to establish what other parameters of change in the intrauterine environ-
ment create angncreased risk for cerebral palsy; {d} to develop more scphisticated
tools for the measurement of the.severity and the rate of change of a movement
abnormality during therapy.

Current methods of treatment, includind 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 eftective.

D-3




Even if methods of early diagnusis of specific groups of children are succesiul,
several problems exist before the effects of carly treatment can be assessed ade
quately. First, children with motor deficits are more likely to suffer fromy ¢ tner
dic ilites, such as-psychomotor retardation or epiiepsy, which may be difficult to
diagnose in‘infancy. Second, any treatment requires a control population who woutd
not have the benefit of a specific intervention in order to account for the effects of
normal development, Yet, ethically, some form of habilitation will have to be pro-
vided®or these children. The/fa?r\n\of habilitation supplied to the control population
' must be sufficiently different from that given to the study population to assure the
~\;alidity of the investigation. Third, we are evaluating complex aspects of human .
tevelopment over time, not just an isolated physical finding. For exampie, a drug or )
a series of therapéutic maneuvers rmay improve tone or sitting posture, but does that ‘
meant has improved mental function or emotionai control? Perhaps it has had tre
opposite effege. It will not be sufficient to imit the study of a treatment modality
to effedts o motor control. This means that a team of professionals will need to
cooperdte ié 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 trest-
) ment study. This kind of coowveration 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 cf these treatments has besn
establishad, but their applicability to thz human neonate sna ceveloping infant and
child. has not bedn proven because of the difficult:es recounted above, It 15 essentia
that the problems be recognized and overcome so that treatment pregrams that heye
been proven successful can be used to care for children with cerabral palsy.

H

+

= Mzntal Retardation

A. Recent Advances

The definition of mental retardation we shall use is “Mental retardation refers 0
significantly sub~verage general inteliectual 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 subcategorizs
(1) Destructive brain lesions that occur in utero or at about the'time of delivery. (In
general, the same risk fdctors discussed under the Yeading of cerebral palsy also are
associated with a higher inciderce of mental retardation,) In addition, mental e
tardation can result from hemorrbagic or inflammatory lesions that cause progressive
hydrocephalus, or retardation may be associated with chromosomal abnormalit:es or
problems in morphogenesis of unknown cause. {2) Disorders that are associated with
inherited metabolic diseases. (3) Disorders that are the result of abnormal endocrine
function during pregnancy or in the neonatal period, such as hypothyroicdhism 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 accumulatinn
of substrates, such as amino acids, organic acids, fatty ucids, limids, mucopoty-ac-

A

- charides or sugars, have become highly sophisticated 2! In many instznces, unkrncwn
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substrates can be identiticd by rass spectrometry within g matter of hours 1o days,
rather than weeks to months a5 In the past. In tnose disorders where substratzs
accumulate or are excreted .n excess quantities, 1t oiten has been possibie to estab-
tish which enzyme s deficient and to what degree 22,23 Fyndamental bibchemical
research that established the concept of 1soenzymes that act under different con-
ditions, often in different tissues, has bee seminal to understandirg the metabolic
basis of many cf these inherited dorders.?? Similar giramatic advarces have been
made in tne field of chromosome aralysis. Banding technigues have made it easier to
establish the existence of deietions, reversais or improper transfer bf genetic material
witnin a chromosorne or frorm one chromosome to another, This has resulted in a
proliferation « f chromosomal disorders in which retarded children with dysmorphic
features have: been shown to have too much or too hittle genetic material.?® Re-
cently, farnilies of retarded males, who usually have no dysmorphic featurss, have
been shown ta have an anomaly of the X chromosome when the cells are grown in a
foiate-deficient media. 28

A technology has been developad thdt -makes 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.?’ Culture techniques for fibrobiasts, amniotic cells and white
blcod cells have become standardized and relatively inexpensive, making it possible
to perform enzymatic or chromosomal analyses on small numbers of an individual’s
celis yrown in culture. These types of analyses allow for early identification ¢
patients suspected of having an inherited metabolic disease (such identification, in

many instances, may be made jn utero), and for the irlentification of carriers 23 2°

There remains the large number of retarded patients whose symptoms have no known
cause. Some of these patients have brains that appear to be grossly normal, whiie
others have obvious developmental abnormalities sucn as hydrocephaius, i
sencephaly, 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 chi!-
dren who are born with major brain anomaliés. The production of hydrocephalus in
utero by mumps.and other viruses in experimental animals, as well as the production
of cerebellar dysgenesis by an ntrauterine viral infection, have been major dis-
coveries.’® Awareness that, even when the brain appears to be grossty normal,
abnormaltties in the microscopic structure of the neurons, particularly of the den-
dritic spines and their synapses, may be associated with mental retardation is an-
other landmark in the investigacion of the pathogenesis of retardation,3’

The recognition that intrauterine and extrauterine disturbances may summate to
produce profound disturbances in brain growth ard function, when a single insult
procuces considerably less of a ¢ urbance, has to be considered potentially impaor-
tant an understanding the e ‘mental contribution to some ritardation
syndromes.
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When ihe causes of mental retardation carn be identified oLy afe
vented or treated. Prevention involves identification of the fo: 5 =0t
uterc by epzymatic or chromosomal analys:s and termination o° tha preynancy, if
that s the famuly’s desire. In many farilies 1n whioh the “2tus 1s knoan to be at risk,
this determiration cen be made at the end of the first trimestor of pregnancy with 4
very high degree of accuracy.

Other disorders can now be treated. For example, phanyiketonur:a, maple syrap
urine disease and other amino acidurias, which .nvolve the cccumulation of ammonia
or organic acids, such as methylmaionic acid, can be treated by withholaing sui-
strate®? or, in certain instances, by the addition of pharmacologic amounts nf
co-factors such as vitamin B, or B, ,;** hypothyroidism can be ireated by replace-
ment of the horrmone, If these therapies are instituted early 1n postnatal life, the
incidence of retardation from these causes drops markedly.? Similarly, the oreven-
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 impraved intellectual functioning in that popu-

lation of infants and young children in which the hycrocephalus 1s the resuit 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 enumeratad 11
the section on cerebral palsy, or caused by poor fetal or infant putrition, also -an oe
prevented in whole or in part b, early treatment.

The treatment of mental retardation as a symptom invoives a positivesaporoach
toward the education of these individuals. Perhap, the most siynificamt ddvance in
this area is the realization that even the most profounrily retarded can be trained to
some degree by extending th= "techniques of operant conditioring to modify ha
havier end to teach these children to perform some of the simple tasks needed Tor
every clay hiving.3®

B. Rescarch Goals

Further research needs in the field of mental retarcation are many. Vahd ammal

models should be devetoped that can be used to study the putative causes of rnental
retardation by appropriate andtomic, physiologic and brochamical techmgues. This
means that attempts have to be made not only to standarcize cognitive tests used In
animal models and correlate these tests with alterations in phystologic, anatomic and
biochemical parameters in the brain, but also to develop methcds by which psycho-
logical tests validated n animal models will have some meaning in terms of hurman
psychometric function in disease.

It also Is important to contidue to study the effects of manmpulation of the enviror-
ment in animal models, i.e., nutrition, overcrowding, sensory stimuiation and e
privation, etcetera, to better define the pattern of impaired tunction in {ater L
corr@lating these environmental insults with anatomic nhysiologic and binchemical
factors in brain development. The effects of muitiple insulis should be studiad, sinca
this is apt to occur in economically and socially deprived human populatons,
Studies of the effects of reversal of such insults should be ermphasized,

DA
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It 1s important to continue research into tne prevestion of rrentai retardat on 1
humans by continuing to define speciic causes. Epidemioiugic studies, th-refore, are
recessary to establish the size of tne population in which tne cause of this symptom
remains unknown and to search for new clues about etiolegy. Studies are needed to
define the charices that a faintly il have a second etarded ch:lﬂ if thair first chiid
's retarded and has no known tnheritad metabolic or degenerdtive disesse. Lonig-
tudinal studies of the development of populations at reater r for psychomotor
retardation, such as the preterm infant, are n progress,36 ang further irvestications
need to be encouraged,

Where causes are known, it 1s important to continug research into treatment. For
example, continued exploration 1s desirable of techniques for the introduction of
EnzZymes into the nervoys system and other organs to treat lipid and mucopolysac-
charide storage diseases. \We knowy that certain disorders €an be improved by the use
of E’:o-factors, particularly vitarnins, Do other substances whicn act as co-factors for
enZymes, such as trace metals, have a similar beneficial effect with some subbopuia-
tions of children with inherited mental retardstion caused by & metabolic disorder?
1Y

It is important to continue investigation of the environmental influences that may
result in retardation, noth /n utero, i.e., maternal nutrition, placental turiction, and
contact with toxic substances, and in extrauterine life, i.e., the effects of adequata
postratal nutrition, Early correction of minor sensory irnpairments, use of 1ncreased
sersory stimulation and the greater use of behavior modification programs to stimy-
late learning or to improve behavior, beginhing in preschgo years, should be
emphasized, '

Investigations should be undertaken to lock systematically for endocrine ond neuro-
transmitter abnor malities 1n populations of reiarded children with the Foupe of
finding more speci 1 modes of therapy o Improve Lehavior and rotivation,

Learning Disabilityos

A. Recent Advances

Learning disabilities are 4 heterogeneous group of disorders and may be defined in
two ways. The first defimtion concerns those people who, daspite normal inteti-
yence, are unable to acquire one or more selected school skills at a normal rate, For
3 variety of reasons, such indwiduais 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 or
borderline intelligence who are unzble to learn at & rate consistent with expectations
based upon their intelligence quotient, This inability to learn may be caused by
problerns with behavior, particularly with attention, 1s vell as with an inabihity to
grasp concepts or learn specfic skills, Such children may have deviations that be-
come manifest by variouys combmnatinns of impairmen*, of perception, carceptuan-
zation, language function, memory and control of attention, impulse or notar
funiction, 3’ ’

The causes of learning disabilities, be they specitic or general, are poorly understooed,
There s certainly a higher incidence of learning disabled mrdividuals 1 cortamn
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famibias, It s not clear, howev=r, whether genetic variations, tiochemical irreqular-
ues or insults to the brain duriry development are respons.bie for these extraerrely
common and serious problems. [he majority of these children have not been sub-
jected to recognizable stresses during pregnancy or birth. Endogenous or exogerous
insults, other than those commonly seen with cerebrai palsy or mental retardation,
are probably etioiogically related to the majorty of children who have a iearning
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 serum lead levals, irsuf-
ficient to produce overt neurologic disease, may be associated later in life .yith
deficits in attention and 1n learning ®8

Despite a lack of specific etiologic causes for learnipg disabnlities, the neural sub-
strate of these disorders has been investigated actively in recent decades. !t has been
recognized that directed attertion is fundamental to appropriate behavior and o
fearning. 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 znd
control motor responses to that input.39

The biochemical basis of attention and behavior also has been investigated carafully
and the relationship of centrai noradrenergic and dopaminergic synapses to Hehavior
have been partially elucidated.®® it s clear, however, that *here are other suustances
apart from putative neurotransmitters that regulate the individual’s ability to re-
spond to external stimuli. Intrinsic brain peptides probably exart a neuroreguiatory
effect, Thus, the biochemical pharmacology of enkephalins, bata-endorphins, sub-
stance P, vasoactive intestinal polypaptide and othet such substances clearly are
yoing to be important in the study of attention and behavior in the'future, as is the
interrelationship between the production of hormones and brain function.

This purely biochemical approdch to activity and attention has been chailznged
repeatediy.®’ This challenge siresses the fact that a child’s behaviors are to a great
degree controlled by the demands of his environment. Hyperactwity, 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 rakeup. Long-term follow-up
studies of hyperactive children suqggest they remain impulsive and fail to develop
good social skills or work habits. It 1s not clear from the few studies of older
hyperactive children that have heen undertaken whether treatment of this disability
(a) needs to be continued into adolescence or even aduithood, (b) is effective in
‘noditying adolescent behaviors 1f begun early in childhood, and {c) can be inst..utad
for the first time in adolescence with any benefit to the chiid.

The' concept that there are critical periods in the davelopment of behavior 15 an
exceedingly important one, especiaily when linkea to the observation that the be-
haviors that develop during such periods in mammals or birds may be regulated by
endogeneously groduced substances, such as hormones, as well as by manipulation
of the external environment.42. *3

Few, if any, remarka le advances have been made in the treatment of iearning
disabilities such as a developrnental dyslexia or general disabinties resulting from
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behaviur il problems or lack of attention Perhips the yreatest sieo forward has been
the wirdespread recognition that these syndromes exist, that they represent a medical
disability, and that the children who suifer from them require special help. Many of
the procedures suggested for helping children with learning drsabilities have not
received wide acceptance in th= medical community and are extremely controvers:al
This includes the use of stimulants or other driugs that will alter the ievel of neuro-
transmitters in brain, the reduction of sugar and the removal of additives from *ha
diet, and the application of behavior modification technigues in the school situation,
Of the three approaches, the laxer may be tha least controversiai, since it is quite
possible that drug therapy, inpart\ s effective because i1t readjusts the attituues of
parents and teachers.?® SeveralNccrdrolled studies have farled to demonstrate clearly
that a diet deficient in glucose and food additves increases att ntion appreciably,®
or that a small group of favorable responders to diet therapy vas affected adversely
by addiny artificial colorings to their giat,%9 ’

There 15 o group of children whose attention and behavior ar < reascnably geod, but
who have difficulty processing information aither by the visuar cr auditory routs, It
has been poszible to achieve some deyree of success with these children by teaching
them the information they need to know to be effective citizers by alternative
methods, ~or example, poor auditory readars may be «ble to memorize what words
look like and develop a sufficient reading vocabutary, rerrembering and using the
information when it 1 presented 1n that manner. Children who cannot rnanipulate
numbers on paper may be able to Jo so with he use of a calculator, Ipnovative use
of electronic equipment 1s becoum:ing recognized as a teaching ¢~ :thod for treating
the symptoms of a learning disability ard red ing the functional impairment they
cause.

B, Resear h Guuais

Research into learming disatnlities in the furure depends upon better defining the
causes of these disabilities, Specific syndrom’ s need to be defined and epidemiologic
studies done to estimate ther prevalence and incidence and to identify associated
risk factors. The possible genetic hasis for such syndromes needs to be better estab-
lished.

Attempts need to be made to develop valid animal models for disorders of attention
and emotional lability which may interfere 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 deveiopment of such animal models
is @ necessary prerequisite to understanding alterations in regional neurochemical
and physiological function that may underlie disorcers of attention and behavior.
Such models alsn can be used te further elucidate the types of insults that may alter
learning and behavior, the period at which the organism 1s most susceptible to those
insults, and the biochemical basis for that susceptibility,

Irrespective of whether such modeals can be doveloned in anumnals, 1t is important to
continue the investigation of the neurophysiolog.cal and neurochemical substrates
that control normal ammal behavior during development and in adult hfe It 15
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particulerly 1mportant to clarify further the neurophysiologic mechanisms that
uriderhe the organism’s ability to attend to a specific stmulus while eliminatirg
_extraneous ones.

There is a need to characterize further specific syndromes 1'that make up the hetero-
genzous population of learming disabilities in children. The development of test
procedures that will best identify these syndromes, and, if possibie, predict them,
must receive a high priority.

It 1s extrermely important to define whether or not there are critical periods for the
development of behavior amd 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 duraiion can be modified by externai
agents. C

The treatment of symptoms reeds 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 <rugs should be administered, the:
long-term effects, and how to predict which drugs may be best for an individual
chiid. In addition, the development of new drugs and their testing need t0 be
encouraged. The mechanisms by which these drugs modify behavior should be
studizd in human populations by studies of the turnover of neurotransmitters, levels
of neuroregulators, and neuroencocrine function.

Populations of children with spicific syndromes need to be studied, in order to
determine 1f exposure to organic or rmetalic substances in the ervironiment at low
leveis affects learning.

It is important to evaluate, in well-defined groups of children with learning prob-
lems, whether practices currently used in special educatiop enhance the capacity of
these chuldren to learn. If at all possible, such studiss should be controiled.

Infantide Autism

A. Recent Advances

Autism will be described as a symptomn complex in which children have (a) a
delay n language development and abnormal speech characterized by bizarre
sounds, echolalia and jargon; (b) a lack of interest in other human beings
with poor eye contact, ;l)mnted emotional attachments and an appearance of
aloofness; and (c) a-miarked resistance to change in the envigonment (al-
though unexpected changes that ordinarily elicit a stactle in normal infants
tnd 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 better when given tests of visual spatial function
or rote remory than they do with language or the processing of symbol.c or
sequenced information. He felt a cognitive defect may be the primary hanci-
cap in this disorder.?’
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The etiology of autism i1s unknown. There is no distinctive pathoiogy described as
yet, although some have noted that the analysis of CT scans suggests that the
dominant speech area May be smaller with an enlarged left temporal horn when
compared to controls of the same age. 48 Sjtuations that put the fetus or infant at
risk to develop early infantile autism lin the absence of mental retardation) have not
been described. - .

The .investigation of the pathophysiology of autism thus far has npt,yie!ded particu-
lar benefits with regard to the nature of the syndrome, its causes or its treatment,
though these studies tend to reinforce th2 idea that infantile autism is an organie
disorder.®® Physiological investigations have indicated a failure of sensory motor
integrat.on and inadequate galvanic skin responses to auditory and visual stimuli in
autistic children, consistent with the observation that these childrén 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 sl2ep 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.>°

- A second line of research involves the metabolism of indoles in peripheral blood,

blo%d platelets, and most recently, in the cerebrospinal fluid. It also is possible that
there are abnormalities in brain dopamine and nofepinephrine metabolasm However,
no consistent biochemical abnormality has yet been found,>’

The treatment of the syndrome has proven to be as difficult as defining its causes,
Meqavitamin therapy, particularly with pharmacologic doses of B¢ has been advo-
cated,®? but the results have not 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. Educationalsjzerapy oriented toward a hignly struc-
tured approach, using behavior modificatibn 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, birtn,
and the neonatal period, to attempt to define early injuries that might mterfer° with
normal brain maturation.

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

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 effacacy of various
treatment methods.

5. Attempts to develop animal mod-=ls for segrnents of the syndrome (it will prob-
ably be impossible to produce a model of the entire syndrome of infantite autism),

D-11




in order that the developmental, anatomy and reqional biochemistry of these animals
can be evaluated and perhaps lead to a berter undarstanding of the syn¢rome in the
. huinan 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
disorder such as hypoglycemia. Where specific types of epileptic se:zures are dis-
cussed, we will use the lnternatoonal Classn‘xcatnon whenever possible.53

. [ e

, . ; ,TABLE1
Tradifional Classification International Classification ’ (
A. .Generalized Seizurss A. Genera!\..ed Seizures
« Generalized seizures are bi- Gener_aiized seizures are bilaterally
laterally sylnmetrictl without symmietrical without local onset.
local onset. 1. Absence ceizuras
1. Petit Mal 2. Tonic-tlon:ic seizures
| 2. Grand Mal (tonic, clonic, or 3. Clonic seizures
{ ton.c-clonic) 4, Tonuc seizures
P'B. Unclassified Disorders ,
. ! 1. Myoclonus 5. Miyoclonus f
e 2. Atonic seizures 6. Atonic seizures
3. Akinetic seizures 7. Akinetic seizures
' 4. !nfantile spasms B Jnfantile spasms
C. Fgcal Mc‘tor or Jacksontan Seizures  B. Partial Seizures (seizures beginning
|
{ D. Temporal Lobe or Psychomotor locally)
i Seizures 1. With elementary or simple symp-
tomatology {generally without
; impaired consciousness)
‘ a. Motor symptoms .
b. Sensory symptoms '
¢. Autonomic symptoms ’
: d. Compound forms
r 2 Temporal Lobe or Psychomotor ,
5 Seizures with Complex Sympto- i
. : matology {(generally withimpair- -
| ment of consciousness) ;
3. Impairment of conscious- i
[ ness only '
e b. Co mptoms :
- c. Effective symp f
. e ]
& i d. Psychosensory symptoma™——..
e. Psychomotor automatisms ‘
f. Compound forms ’
3. Partial Serzures that hecome |
. secondanly gﬂreml:zed J
D-12
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The prevalence of epilepsy in the entire population of the United States isﬁ}approxv
mately 5 to 6.5 per 1,000 people.®* However, seizures are more common in chil-
dren, and in the first 5 years®®: 5 58 of life the incidence of convulsions 13
estimated to range between 2% and 6%, the majority being febrile seizures. White
prevalence and incidence vary vudely from one study to another, epilepsy is a
childhood disorder, because about 75% of all epileptics dévelop their symptoms
prior to 21 years of age.®’

A. Recent Advances

In the past decade, primarily pecause of the excelI}m statistics gathered in the
collaborative perinatal project of the NINCDS, it has been possible to better define
the symptoms and consequences of febrilz seizures as compared to egilepsy. 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
:0 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 alreadv have other signs of neurologic damage or there is a family
history of epileptic seizures.®8 The distinction has saved many children from being
treated unnecessarily and many families from years of concern that their child might
be an epileptic. Tus evaluztion of febrile seizures shouid serve as a model for needed
future epidemiologic stuc & concerning the prognosis of specific seizure subtypes.
Perhaps it is necessary to follow the life 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 iliness. There are now two excelient studies that indicate that seizures cease
in a proportion of childhood epileptics as the brain develops.3®: *°

Further investigations are necessary to better define which populations of epileptic
children have the best prognosis, whether there is any dfference in their life span
compared wRb that of the normal child before or after puberty, whether thzy
continue to be at greater risk for injury while performing tasks required in an
industrial society, and whether the intelligence of epileptic children remains stable
over the years and is commensurate with their educational achievement. Epidemio-
logic information remains a necessary prereguisite for many &f the clinical studies
that should be undertaken on populations of epileptic chydren in the next decade.

The biochemistry and physiology of epilepsy and its effegts on the developing brain
have been described much more clearly in recent years. $udy of the neurochemistry
and neurophysiology of epileptic discharges has been adyanced by the use of several
kinds of animal models. One <train of mice has a hereditlry susceptibility to audio-
genically induced seizures. Generalized seizures also can be provoked by electro-
shock or the use of drugs adinistered systemically, such as strychnine or pentylene-
tetrazol.8' Focal seizures have been produced by direct application of drugs to
brain, notabiy penicillin®2 and cobalt. Topical applicatic of acetyicholine to the
cortical surface also produses focal seizure activity.
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While excitatory neurotransmitters, sych 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 witthpembrane
transport of sodium and potassium will result in a cell that is more Iikel%duce
an epileptic discharge.®3 This, in turq, mav be affected by cyclic nucleotide levels in
different brain arkas.®* A number of direct‘and 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, rad:o—labelled 2- deoxyglucose can serve as @ measure of glucose utnhzatlon)k
animal models.8% It also is possible to freeze brains rapidly and measure levels of
high energy phospiiate compounds directly.6 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 that these techniques will be im-
proved in the next decade to make more precise measurements possibile in chiidren
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.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.”®
<«

Knowledge of the neurgphysiologic substrate of epileptic 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 chioride, and that while they are dis-
tributed unequally in the intra- and extracellular sTces, they can move across the
cell membrane. It is known now that excitatory neud;?l:ﬁﬁers directly affect the
flux of both sodium and potassium, resulting in arization of the membrane,
while inhibitory neurotransmitters stabilize the membrane by increasing the selective
permeability to chloride. It still is not clear how-$he interaction of inhibitory and
excitatory postsynaptic potentials occurs on the surface of,a single cell membrane to
permit or irhibit the cpll's discharge. Apparently the potentials of many synapses
summate, resuiting in excitation that overcomes the protective hyperpolarizing
action of the cell that follows a single discharge. The cell then begins to fire at ap
abnormally high frequency. These oscillationsyare recurring depola-izations and,
when they occur in many cells a1 the same time, they reflect on the surfaceof the
brain as a spike. An epileptic seizure, therefore, represents the oscillations of de-
polarized membranes of many thousands of cells. Seizure termination is assaciated
with hyperpolarization which may be caused by the actions of a sodium pump and,
in part, from the removal of extraceilular potassium from the area of excitation by
glial cells.” -
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The basic neurophysiology of the epileptic cortex needs a great deal of further
study. The mechanisms that have been oescribed are simple ones, and in order to
understand the effect of antiepileptic 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 tha,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 neurophysiology and cell neurochemistry eventually will
further our ability to control epilepsy. -

Even more striking advances have been made in the diagnosis and treatment of
epilepsy over the last decade, and these may be expected to continue in the future.
Epilepsy is a symptom that is gnosed by evaluating the patient’s history. The
electrical evaluation of brain aciiv) y {the electroencephalogram, or EEG) only as
sists the physician in making the dlagnosis of an epileptic seizure, The EEG, how-
ever, can be very helpful to correfate unusual symptoms and signs with disturbed
cortical electrical function, Extefided recordings, with - without concurrent tele-
vision monitorind’ of the patient, can aid in this correlation, Suyh récordings may be
made on tape or on reqular EEG paper. The information is transferred to a computer
capable of analyzing the frequency of paroxysmal transients during a specific time
interval. Extended EEG recordings with monitoring of the pajient’s behaviors by
television haye proved useful in defining the clinical repertoire seen with petit mal
seizure disorders’? Jin the treatmment of intractable epilepsy’3 and in identifying
patients whose unusual paroxysmal n.ovements may.not be epileptic (possible

I3

pseudoseizures).”4 ~

While it is unusual for epileptic seizures to occur in children as the result of a tumor
or va.cular malformation withQut the presence of other symptoms and signs of
neurologic disease, some children with focal seizures do have silent lesions, especially
in the frontal or temporal lobes, that now can be identified easily and safely, using
computerized tomography.’ 5. ’ '

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 myoclenic, atonic and akinetic seizures; carbamazepine, which is
effective against partial seizures with either simple or complex symptomatology; and
sodium valproate, which is effective against a wide range of genéralized seizures, but
is particularly useful in treating infantile spasms, massive infantile myoclonus,
akinetic seizures and petit mal. Our understanding of the pharmacokinetics of these
drugs 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.”” There is no
doubt, howew , that these drugs, taken singly or in combination, have made it
possible to obain satisfactory control of seizuresfrawymber of children who were
hitherto considered hopeless. Sodium v ate is a drug that is of particular interest
because it is a branched-chain fatty~acid, unlike all other drugs now in use for
control of epilepsy. It therefore introduces the concept that antiepileptic drugs may
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The biopharmacology f these medications needs to be.better understood. |n fact,
h more work negQs to be done to understand the biokinetics of drugs that have
been in use for much longer periods of time, such as nhenytoin.”8 The toxic effects
of antiepileptic medications when used in pregnancy only recently have been de-
scribed, and the magnitude of the danger has yet to be estimated accurately 79

The ketogenic diet is not a new form of therapy: it was introduced in the 1920s."1t
has been resurrected in recent years, however, with considerable success in the
treatment of atonic, akinetic and myoclonic seizures, Once again, as is the case with
many new and ofd antiepileptic drugs, the mechanism of action of the ketogenic diet
is not certain, |t seems to be related, however, to the utilization of ketane bodies
and ketoacids rather than glucose as energy sources by brain. Why th
protective effect is uncertain,89 Prolonged uae of the ketogenic diet creates prob.
lems that"have yet to be evaluated thoroughiy. it is known that the absorption of
calcium apd vitamin D is reduced, and that these substances must be supplementag
in patients receiving the ketogenic diet for any length of time, The long-term cardio-
vascular effects of 3 high fat det have not been well studied. Since the ketogenic

surgical control of epilepsy still centers about removal of an identifiuble seizure
focus. Until recent vears, however, such foci had to be identified cliniéally or by the
scalp EEG. Neither method was highly successful in identifying either frontal or
mesiai-temporal focj that produce 3 great many focal seizures with or without sec-

ggd!ry generalization, Seizures okiginating from- these areas are often especially

1fficult to control, Advances in electroghysiology have been applied to the clinical-

identification of seizure focj. Depth electrodes NPW can be placed in the mesial-
temporal cortex to identify electrical discharges associated with partial seizures with
complex sym.ptomatoiogy.‘e' -Batteries of ext: adural electrodes can be placed for
long periods of time and the patient’s seizure activity recorded simultaneously with
his EEG on 3 sphit-screen television monitor. It is possible therefore to see EEG
chenges in dural électrodes prior to the onset of 3 clinical seizure. This allows precise
dentification of the focys 82

It frequently is necessary to know whether the focus lies in an area that is active,

ne that controlsg important language, movdment or sersory functions). There is
s@ll no foolpropt way of identifying whether seizure focus in the dominant hem;-
Aphere inf the Posterior frontal, parietal or posterior temporal region is involved
actively in language iunction, It is possible, however, by recording evoked responses
from the cortical surface to identify the S€nsory motor area and the primary audj-
tory and visyal cortices. The technique allows the surgeon to evaluate whether an
area of damdged epileptogenic cortex still is involved in impor.ant sensory motor
functions, or Serves as an auditory or visual receptive area, It is to be hoped that in
the near future techniques will be devised to allow similar identification of areas that
are essential for the processing of language and for conceptual speech,

~
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Other surgical techniques have heen advocated for control of epileptic seizurés, but
their effects are much less certain. Chronic cerebellar stimulation is thought to
inhibit cortical seizure foci and lessen seizure activity, aithough recent studies sug-
gest that this may not be the case.’3:8* Section of cerebral commissures, notably
the corpus callosum, is felt to reduce the incidence of generalized seizures where a
focus cannot be identified.2% This type of surgery iiceds 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 the-epileptic 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 imzrove 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 prerequisite to our understar ‘ing of how drugs may work to abort epi-
leptic seizures, It is also essential to h.. . his type of information if we are to learn
about the ways in which repeated or protonged epileptic seizures diminish brain
function in some children, and tiow to prevent those unfortunate results,

The development of new drugs for the treatment of eptlepsy 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, gven though it would appear to
be the most logical. The reason far 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. (n addition to animal models for testing drug effects on seizures and
Studying their biochemical effects on neuronal populations, it is now nossible 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 |t
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 revea! basic information about the excitability of neuronal

cell membranes, \

While investigations are taking place at this 2 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 conirol 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 ve made as safe as |
possible. Many epileptic foci removed surgically exbibit changes that are consistent
with a chronic encephalitic protess,®® aithough to the best of our knowledge, a virus
never has been cultured or isolated from this tissue, Since this agpears 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 infectiaus cause of a low grade fucal encephaiitis.

Similarly, there are certain types of seizures, such as those scen 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 syndromas are unknown, and thesr strong association with
mental retardation remains a mystery.2® Techniques to investigate these problems,
using the PET scanner or other noninvasive methods, should be given the highest
priority, because so many 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 |wospectively. Does good seizure control imprcve psychomotor func-
tion or schoof rerformance over a period of years? |t is true that many children with
epilepsy do poorly in school, even though their psychometric functions are riot
significantly below incrmal. 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,®C
Methods of doing so need tc be developed, in order to gain some insight into why
many epileptic patients, who are not severely incapacitated, do not work 2!

These are but 2 few of the problems that face the medical community if it wishes 1o
reduce the incidence of seizures in American children and improve the adjustment of
those who do dewelop epilepsy so that they may hve niormal lives.
\ Summary

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

\\actuaHy refer to a constellatio.. of symptoms and signs and not to a d.sease. Fre-

quently, several of these djsorders coexist in the same child, who may have both
cerebral palsy, mental retartation and epilepsy, or epilepsy and a lea ning disability,
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 ¢linical 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 evaluate the effects of treatment. In order to do this, the defimtion of
subcategories of developmental disabihties 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 disurders during intrauterine develecpment; 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 tosNdy-Xow
an advantageous extrauterine environment possibly may ameliorate the effects of
genetically determired or intrauterine insults, The study of the effects of multiple
insults almost certainly will make use of the concept of critical periods duririg
development, These are limited periods of time.during which negative stresses or
positive reinforcements may be most potent 1n modifying the effects of a lesion.

Developmental handicaps result from manv diseases that damage bramut the
symptoms and signs that they cause may be similar. It is possible that a symptom
“told to the physician — for example, a desonptlon of a partial seizure with compiex
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 &li
probability, future progress’ depend upon: 1) an increased understanding of the
causes of this disorder; (2) prevention by treatment of causes; (3) an increased
understanding of the pathophysiotogy 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 remarkabie advances in understanding the course 6f some
developmental disabilities, notably epilepsy, mental retardatior and cerebral paisy.-
But our knowledge about others, such as learning disabilities and autism, 1s still very’

-himited. Understanding the damuaged brain, which is the source of a developmental
chsability, is dependent directiy 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 brain development comes from
the study of animal tissues. Furthermore, an:mal models are required to study many
forms of brain damage, since it is possibie to himit 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 1f the biochemiral or structural changes produced are
similar.]Much of the future work to be done in the field of developmertal disabilities
must be done on human populations that suffer from these disorders. Contigued
intensive. epidemiologic investigation is neeczd of risk factors associated with cere-
bral palsy, mental retardation, epilepsy, and, in particular, with autism and learning
disabilities. Future epidemiologic studies st.ould emphasize the possible additive
effects of multiple risk factors. 1t is to be expected that further advances in human
genetics, especially those in the 1dentification and analysis of chromosomal defects
and in intermediary metabolism, will increase the number of treatable or preventabln
causes of developmental disabilities,
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It is even more important to realize that the effects of interventicn 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 weli-defined
populations_&f children who suffer from these disorders may answer these nuestians.
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 concerrfing the treatinent of developmantal
disabilities over time will require techniques for defining, ordering and manipulating
one or more.primary and multiple secondary variables, This means that the future
study of the treatment of developmental disabilities will become increasingty
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-fac:tors to correct metabolic diso’rders, 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
seck 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 to be many
remarkable break throughs. Reliabie, 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 proyam of the medical, psychological and
educational communities will vvin this race.
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