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Age-related differences in outcomes following childhood
brain insults: An introduction and overview
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Abstract

Despite considerable sparing of function following some forms of early brain disease, neural plasticity is far from
complete. Many children with early brain insults, including those who sustain traumatic brain injury (TBI), are
susceptible to both immediate and long-term neurobehavioral impairments. To introduce this symposium, the
present article reviews existing research on the effects of 3 age-related factors on outcomes: age at injury, time since
injury, and age at testing. Research findings support the hypothesis that development is more adversely affected the
younger the child at the time of brain insult. Although we know less about how outcomes are related to the other
developmental factors, there is little evidence that sequelae resolve with age. Potential brain mechanisms
responsible for age-related differences are explored and methodological problems are considered. Emphasis is
placed on the importance of prospective designs, measurement of developmental change, comprehensive
assessments of outcome, and evaluation of factors contributing to variability in outcomes, such as premorbid status,
type of brain injury, and environmental influences. Papers in this series demonstrate the utility of these methods and
shed new light on developmental processes associated with childhood brain iddNIg&.1097,3, 555-567.)
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INTRODUCTION vestigators to ask if it is better to have your brain lesion

S . . ... early (Schneider, 1979), and one author to query if the brain
The consequences of brain injuries sustained early in Ilfef “really necessary” (Lewin, 1980)

have long been regarded as distinct from the sequelae o Evidence for plasticity, however, is based solely on se-

:)_ram tlrr:stults olgculrrmgtm a?qltrolod.dPtathologmal Cor.]t(.j"lected case studies. Review of larger-scale investigations of
C;on: at wouid a ;nols cerham y lead to sfleverelcé)og_nl '(;'.econditions such as hydrocephalus and infantile hemiplegia

ystunction in an adult, such as severe unilateral brain disgp, g ¢ group means on tests of cognitive ability are de-
ease or thinning of the cortical mantel secondary to hydro-

L ‘ ressed relative to normative standards (Levine et al., 1987).
cephalus, can have quite different consequences forchlldrth a classic case series, Myer and Byers (1952) described
Children with early left hemisphere disease, for example ’

; . e | b.[:he developmental sequelae of measles encephalitis in 16
Mmay go on 1o acquire many age-appropriate fanguage ablisy;qap, age 1 to 10 years. The investigators observed that
ities, free from obvious symptoms of aphasia (Heywood &

c 1987). Similarl | ¢ hvd hal the consequences of disease were frequently less evident
anavan, ) Similar y, early-onset hydrocephalus neeg, IQ testing than on specialized tests of attention, mem-
not preclude normal or higher intellectual and academic

: . - ory, learning, and perceptual abilities. Effects on 1Q, how-
achievements (Sm'th.& Sugar, 1975). _The .pOSSIbllllty. Qfever, became more apparent over time, with several of the
grossly normal cognitive development in spite of signifi-

oS : i . . children in the study showing diminishing 1Q scores over
cant early brain injury is consistent with theories of early

wolasticity” of th tral ¢ L b 1967_1‘ollow-up. Adverse long-term consequences were espe-
plasticity” of the central nervous sys .e.m( enneberg, 196 cially apparent in the younger children in the sample, prompt-
Bishop, 1981). Suggestions of plasticity have led some in

ing the authors to conclude that “the younger ones had to
attempt the acquisition of the more elementary adaptations
with defective tools” (pp. 552-553). Hebb (1942) reached a

Reprint requests to: H. Gerry Taylor, Department of Pediatrics, Rain-_. i lUSi . h Iv brain d limi
bow Babies & Childrens Hospital, 11100 Euclid Avenue, Cleveland, oH Similar conclusion, arguing that early brain damage limits

44106-6038. intellectual capacity (Intelligence A) and in so doing con-
555

https://doi.org/10.1017/51355617797005559 Published online by Cambridge University Press


https://doi.org/10.1017/S1355617797005559

556 H.G. Taylor and J. Alden

strains the formation of new cognitive products (Intelli- SUMMARY OF AGE-RELATED EFFECTS
gence B) over the growth span. The latter proposal has been
rleggérlr)ed to as the early “vulnerability” hypothesis (Taylor, Age at Injury

A survey of more recent research on the developmentaDn the whole, the existing research literature provides much
outcomes of early brain insults fails to provide unequivocalstronger support for the possibility of early vulnerability to
support for either the plasticity or vulnerability hypothesis. CNS insult than it does for early plasticity. Findings from
Although brain damage sustained prior to birth or duringstudies of diffuse postnatal lesions, due for example to TBI
infancy or childhood clearly impacts on development, out-or cranial irradiation, suggest that cognitive and academic
comes vary from child to child. Normal or better cognitive development is more likely to be compromised when insult
and academic achievement is possible in spite of significanbccurs in infancy or early childhood as compared to middle
early brain damage. The critical issue, therefore, is nothildhood or adolescence (Shaffer et al., 1980; Chadwick
whether there are sequelae, but the extent to which normait al., 1981; Fletcher & Copeland, 1988; Packer et al., 1989;
development is possible in spite of early brain insult. With Silber et al., 1992; Radcliffe et al., 1994; Anderson & Moore,
attention shifted away from the more extreme positions 0fL995; Dennis et al., 1995; Levin et al., 1995; Barnes et al.,
plasticity versusvulnerability, emphasis can be appropri- 1996). In the present series of papers, studies by Ewing-
ately placed on how development is affected and on factor€obbs et al. (1997) and by Anderson et al. (1997) offer fur-
associated with the extent of “developmental sparing,” suchiher support for the hypothesis that recovery following TBI
as the type of brain insult and environmental influences (Tayis less complete in younger children than in older children
lor et al., 1992). or adolescents.

To set the stage for the research advances represented inPerceptual-motor and spatial skills appear to be particu-
this symposium, the present article provides a brief overlarly susceptible to early insult (Rovet et al., 1988; Banich
view of research on outcomes of brain injuries sustainecat al., 1990; Wills et al., 1991; Taylor et al., 1993, 1995b;
either prenatally or at some point during infancy or child- Anderson & Moore, 1995; Christie et al., 1995; Dennis
hood. Although the research papers in this series pertain tet al., in press). However, earlier age at insult also has been
sequelae of childhood TBI, a comprehensive review of agelinked to greater impairments in overall cognitive function-
related influences on outcomes requires examination of studag (Radcliffe et al., 1994; Levin et al., 1995), verbal and
ies of diverse forms of early brain disease. At the same timewritten language abilities (Shaffer et al., 1980; Chadwick
it is important to emphasize that the impact of age-relatectt al., 1981; Dennis et al., 1987; Ewing-Cobbs et al., 1987,
factors on outcomes is likely to depend on the etiology 0f1989; Chapman, 1995), attention (Kaufmann et al., 1993;
the brain insult. Age-related differences in the outcomes oDennis et al., 1995), and metacognitive functioning (Dennis
congenital brain lesions or of brain tumors or CNS irradia-& Barnes, 1996).
tion, for example, may have limited implications for chil-  Findings from several studies suggest that the deleterious
dren with TBI. effects of younger age at insult apply only within a re-

In keeping with previous reviews (Dennis & Barnes, stricted age range. Age-related effects have been most clearly
1994), the consequences of brain damage are evaluated wigvident in comparisons of children younger than age 7 years
reference to the factorege at insulftime since insujtand  to older children and adolescents (Oddy, 1993; Radcliffe
age at testingAssessment of developmental outcomes re-et al., 1994; Dennis et al., 1995), and of infants and young
quires consideration of each of these factors. Although inpreschoolers to somewhat older children (Ewing-Cobbs
terest to date has focused primarily on the effects of age ait al., 1989). The relationship between age at insult and out-
insult, the possibility of either catch-up growth (Feldmancome is less certain for children who sustain brain lesions
et al., 1992; Stiles & Thal, 1993) or progressive deteriora-during the school-age years. Whereas some researchers have
tion in functioning (Myer & Byers, 1952; Radcliffe et al., observed greater deficits following TBI in children than in
1994) makes it imperative to examine consequences ovedolescents, findings in this regard are not consistent across
an extended period of time postinjury (St. James-Robertsstudies (Levin et al., 1995; Yeates et al., 1995). Age-related
1979). Given the possibility that sequelae may depend odifferences, however, may depend to some extent on how
developmental expectations or the complexity of processeutcome is assessed. Recently, Barnes et al. (1996) com-
ing required of the child (Eslinger et al., 1992), it is also pared the reading outcomes of children injured prior to age
important to take age at testing into account in evaluatind.5 years, between 6.5 years and 9 years, and after 9 years.
injury consequences. Reading decoding skills were poorer in children who sus-

The specific aim of this article is to summarize currenttained TBI prior to 6.5 years of age than in children injured
knowledge pertaining to each of these age-related factorat later ages, whereas differences between the two older age-
After a brief review of the current literature on age-relatedat-injury groups were nonsignificant. Reading comprehen-
factors, potential mechanisms responsible for age effects asgon, in contrast, was poorer in both younger age-at-injury
described. Methodological needs and future directions argroups compared to the older group. These findings suggest
also discussed, with reference made to the papers includdbat the age range over which age-at-injury effects are ob-
in this symposium. served may be wider for later-emerging skills than for skills
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that are mastered at an earlier point in development (Dendifferences have been observed in cross-sectional compar-
nis & Barnes, 1994). isons of children treated with cranial irradiation (Christie
Follow-up studies of children with focal lesions are alsoet al., 1995; Dennis et al., in press).
generally consistent with the early vulnerability hypoth- The findings from several longitudinal studies also sug-
esis. Despite considerable sparing of function following earlygest that cognitive and academic skills progress less rapidly
unilateral lesions (Vargha-Khadem et al., 1985, 1992; Levinavith age in some children with early brain insults. Evidence
et al., 1987; Aram & Eisele, 1992; Feldman et al., 1992;in this regard comes from studies of children with TBI, very
Stiles & Thal, 1993), recent findings suggest that these intow birth weight, hypothyroidism, genetic disorders such
sults do, in fact, have adverse effects on later developmenas fragile X, unilateral right-hemisphere disease, and expo-
Early left, as well as right, unilateral lesions can result insure to prophylactic cranialirradiation (Hagerman etal., 1989;
long-term deficits in lexical-semantic and syntactic pro-Fletcheretal., 1990; Rovet, 1990; Marlow etal., 1993; Aram
cesses, with subtle differences in the nature and extent & Eisele, 1994; Radcliffe etal., 1994; Thompson etal., 1994;
language impairment depending on the side of the lesioMnderson & Moore, 1995; Miller et al., 1995). In studies of
(Stiles & Thal, 1993; Bates et al., 1995; Eisele & Aram, the sequelae of cranial irradiation treatments and TBI, a lack
1995). Visual-spatial impairments are likewise evident fol-of age-appropriate cognitive development has been most
lowing both early and later unilateral right-hemisphere le-clearly evident in children who have sustained brain insults
sions (Woods, 1980; Nass et al., 1989; Vargha-Khadenprior to age 7 (Radcliffe et al., 1994; Anderson & Moore,
et al., 1991; Stiles & Thal, 1993). 1995). The relative lack of normalization in cognitive and
Studies of unilateral brain lesions that have investigatedicademic skills following TBI in infants and young chil-
the relationship of age at insult to outcomes have yieldediren stands in marked contrast to the substantial recovery
inconsistent results. Several investigations have revealeid these abilities observed after TBI in school-age children
more extensive language impairments in persons with lategnd adults (Chadwick et al., 1981; Jones, 1992).
compared to earlier, unilateral left-hemisphere lesions (Lans- Unfortunately, it is not clear if the apparent suppression
dell, 1969; Woods & Carey, 1979; Vargha-Khadem et al.,of normal growth rates after early brain injury reflects de-
1985; Levine et al., 1987). In contrast, Aram and Eiseleterioration in skills, failure of children to develop at age-
(1994) and Riva and Cazzaniga (1986) found that youngeappropriate rates, or age-related changes in task complexity.
age at insult was related to poorer 1Q outcomes in individudt is also difficult to determine if the adverse consequences
als with left-hemisphere vascular lesions. Differences in thef insult become progressively more pronounced over time,
type of lesion, age at insult, time postinjury, or the nature ofor if sequelae remain relatively stable, at least after an ini-
the outcome measures may account for these discrepancig¢wl recovery period. There are several case studies, more-
Butthereislittle doubt that early neural reorganization, when-over, that show a pattern of relatively stable if not increasing
ever it occurs, comes at a long-term developmental cost. cognitive abilities over time postinjury (St. James-Roberts,
1981). In a recent study of outcomes in children with con-
genital hydrocephalus, Brookshire et al. (1995) found rela-
tively constant neuropsychological deficits across a 4-year
The effects of time since insult on the outcomes of earlyfollow-up interval. There was no evidence in this study that
brain insults have been less frequently examined than thehildren with shunted hydrocephalus were either catching
effects of age at injury. Results from cross-sectional studiesp to a comparison group over time in verbal and nonverbal
have revealed that cognitive weaknesses among childreabilities, or showing age-related declines in these skills.
with early brain insults are more prominent in older than inDifferent patterns of age-related effects may well be asso-
younger age groups. Dennis et al. (1987) compared differeiated with different types of brain insult. Delayed neuro-
ent age groups of children with congenital hydrocephalugpathological changes secondary to cranial irradiation, for
to same-age normal controls on linguistic tasks. Accordingexample, may help account for the progressive decline in
to their findings, the older the age group, the greater théQ seen in some children treated for cancer (Dennis et al.,
impairments in children with hydrocephalus compared toin press), whereas more static brain lesions may result in
controls on tasks of efficiency of word finding, grammat- different patterns of change over time. Seizure disorder may
ical comprehension, and metalinguistic awareness. Willslso contribute to the failure of some groups of children with
et al. (1991) found a similar relationship in children with early insults to maintain age-appropriate progress (Vargha-
myelomeningocele. In this sample, the older the child at th&Khadem et al., 1994). A focus on developmental change, as
time of testing, the lower the child’s Wechsler Performanceexemplified by the studies in this symposium, is needed to
IQ and scores on an arithmetic test. In a third cross-sectionaxamine these various possibilities.
study, Banich et al. (1990) examined Wechsler IQ scores in
different age groups of children with acquired or congenital .
hemiplegia. The results from this study showed that timeAge at Testing
since insult for children with congenital hemiplegia, which Of the three age-related factors considered in this review,
is equivalent to age at testing, was negatively correlated witlthe influence of age at testing is the least well researched.
Verbal, Performance, and Full-Scale IQ scores. Similar agén essence, this factor represents latent or time-lagged se-

Time Since Insult
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quelae of early brain injury that result from failure to meetabilities during the early childhood years, this phase of
new developmental demands. Latent deficits are conceptuwdevelopment may be particularly liable to neurologic insult
alized as due to an inability to carry out a new skill or en-(Ewing-Cobbs et al., 1989; Locke, 1993; Neville, 1993;
gage in a specific cognitive process, as opposed to a sloweadhapman, 1995). Potential neural mechanisms underlying
rate of development or a cumulative impairment in func-age differences in disease sequelae include a greater sus-
tioning. An example of latent effects from the animal liter- ceptibility of the immature brain to insult, greater effects of
ature is the later emerging deficit in delayed response tasksarly compared to later insult on subsequent neural devel-
following early dorsolateral frontal lobe lesions in rhesusopment, or neural degeneration following early injuries (Ban-
monkeys (Goldman, 1974). Time-lagged effects in humangch et al., 1990; Rovet et al., 1990, 1992; Aram & Eisele,
are illustrated in a case report by Eslinger et al. (1992), whd 994). The possibility of a protracted period of vulnerabil-
describe the development of a girl who sustained a frontaity to neurologic insult is consistent with the fact that brain
lobe aneurysm at age 7 years. Although her childhood yeardevelopment continues throughout childhood (Huttenloch-
were relatively uneventful, a dramatic increase in social dif-er, 1990; Thatcher, 1991; Stuss, 1992; Anderson & Moore,
ficulties was noted in adolescence. 1995).

Other examples of possible age-at-testing effects include A proposed basis for time-since-injury effects is damage
greater verbal memory impairment following TBI in ado- to neural systems responsible for skill acquisition (Rourke,
lescents compared to children (Levin et al., 1988), greatet988; Aram & Eisele, 1992). Evidence that widely distrib-
deficits in adaptive behavior and memory in older com-uted cortical and subcortical systems are important for skill
pared to younger children with shunted hydrocephalus (Holacquisition early in life suggests that the learning capacities
ler et al., 1995), the emergence or worsening of behavioof young children may be especially vulnerable to brain in-
problems over time in children who have sustained TBI orjury (Stiles & Thal, 1993; Dall’Oglio et al., 1994). Alterna-
other neurological disorders early in life (Brown et al., 1981;tively, early insults may limit the brain’s capacity to develop
Thomsen, 1989; Taylor et al., 1992; Max et al., 1997), anchormally or interfere with the timing of neural development
decreases with age in the cognitive abilities of males with(Banich et al., 1990; Dennis & Barnes, 1994). Increasing
fragile-X syndrome (Hagerman et al., 1989; Hodapp et al.deficits over time may also be attributed to disruptions in
1990). In interpreting the age differences observed in theithe child’s ability to interact with the environment at ages
study, Levin et al. (1988) proposed that advanced memoryhen these interactions are critical to further development
strategies are especially vulnerable to TBI and that adoleg+letcher et al., 1984; Greenough et al., 1987; Aram & Eisele,
cents need to make more use of these strategies to attal®994; Fischer & Rose, 1994; Anderson & Moore, 1995).
“normative” levels of performance. In similar fashion, Es- Latent effects are ascribed to delayed manifestations of
linger et al. (1992) attributed the changes seen in their paearly brain insults. According to the “functional immatu-
tient over time, which continued into adulthood, to a failurerity” account of latent effects, the consequences of injury to
to acquire “the executive and self-regulatory processes adrain regions that are prefunctional at the time of insult will
sociated with the frontal lobe . . . at a time when maturatiomot be fully apparent immediately postinsult. The sequelae
of such processes is critical to psychological developmentbf these lesions will only be realized when the damaged areas
(p. 768). are needed to subserve a later developing function (Gold-

It should be emphasized, however, that latent effects maynan, 1974; Banich et al., 1990).
be difficult to detect. Recognition of these effects requires The “crowding” hypothesis is a variant of this type of
that the investigator determine if sequelae are specificallygxplanation applicable to children with unilateral disease.
associated with the age of the child at testing or with devel-Crowding is said to occur when one brain region is dam-
opmental transitions in cognitive processes, as opposed #mged and another part of the brain takes over the functions
age at injury or time since injury. It is also relevant to note of the damaged area (Aram & Eisele, 1992). The intact brain
that time-lagged effects have not been consistently docuegion, in turn, has diminished capacity to subserve the func-
mented. Yeates et al. (1995), for example, were unable ttions for which it was originally intended. In other words,
replicate the age differences in verbal memory impairmentater dysfunction occurs because the brain region that would
following TBI observed by Levin et al. (1988). have subserved a given function has become committed to

other functions, rather than because of damage to that area

per se The crowding hypothesis typically has been used to
BASES OF AGE-RELATED explain the effects of early left-hemisphere disease on non-
DIFFERENCES verbal abilities (Satz et al., 1994). The "maturational gradi-

ent” hypothesis, which assumes that the left hemisphere is
To account for the greater impact of acquired brain insultsnore mature, and thus less compromised by insult than the
in younger children, researchers have proposed that skillsght hemisphere, has been proposed to account for the ap-
undergoing active development at the time of the insult ar@arent precedence given to sparing of verbal over non-
more susceptible to disruption than previously establishederbal skills following left-hemisphere insult. However,
abilities (Ewing-Cobbs et al., 1989; Dennis & Barnes, 1994).evidence for such a gradient is equivocal, and recent find-
Given the rapid changes in linguistic and other cognitiveings suggest that crowding effects can be observed follow-
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ing damage to either hemisphere (Aram & Eisele, 1992¢ruitment biases. In making cross-sectional comparisons, it
Levin et al., 1996). Additionally, although shifts in lan- is often difficult to know if all age groups are equally rep-
guage dominance are more likely when brain damage isesentative of disease severity. To the extent that clinical
sustained very early in life, we do not yet have a clearservices tend to lose contact with less severely affected chil-
understanding of the conditions necessary for transfer ofiren over time, recruitment of children from these sources
function to the nondominant hemisphere, or the extent ofmay yield artifactual age effects (Banich et al., 1990).
hemispheric equipotentiality for verbal and nonverbal abil- Other advantages of longitudinal designs include the op-
ities ( Satz et al., 1994; Vargha-Khadem et al., 1994; DeVoportunity they provide to examine change at the time it oc-

et al., 1995). curs rather than retrospectively, to explore cumulative risks
or chains of reactions between the child and environment,

METHODOLOGICAL NEEDS to chart the course of changes in the child and family over
L time, and to study correlates of growth or decline (Rutter,
Examination of the Separate Influences 1993; Fletcher et al., 1995). The study by Kinsella et al.
of Age-Related Factors (1997) in this symposium demonstrates the validity of post-

The frequent confounding of the three age-related factors iacute neuropsychological test findings as predictors of long-
studies of childhood brain injury is a major obstacle to un-term deficits in achievement.
derstanding of their unique effects. If testing is conducted A special virtue of prospective recruitment of children
within a limited age range, for example, children with ear-with TBI is that it permits the investigator to obtain infor-
lier brain insults will tend to be older than children with mation about premorbid child and family status soon after
later insults (Dennis et al., in press). If only the short-terminjury (Rutter et al., 1980; Rivara et al., 1994). Problems
consequences of brain injury are assessed, children who aagsociated with retrospective recall, although potentially an
younger at the time of insult will also be tested at earlierissue even when information is provided immediately after
ages than children with later-occurring insults. The factorsnsult, become even more problematic with increasing time
time since insult and age at testing are similarly confoundegbostinjury. Information regarding the child and family sta-
in following children with congenital brain disease. With a tus prior to the child’s brain insult enables the researcher to
few exceptions, researchers have typically failed to conmake a more precise determination of injury consequences.
sider these confounds (Banich et al., 1990; Silber et al., 1992\ ccording to findings reported by Yeates et al. (1997) in
Aram & Eisele, 1994; Dennis et al., in press). In the presenthis symposium, the status of the family prior to insult is
symposium, the studies of Anderson et al. (1997), Ewing-also useful in predicting injury consequences.
Cobbs et al. (1997), and Yeates et al. (1997) illustrate meth- An additional advantage of longitudinal designs is that
ods for distinguishing the influences age at injugrsus  they allow examination of the manner in which develop-
time since injury. ment is affected by brain insult. The hypothesis that skills
Afurther issue with regard to the study of age-related facthat are not yet well developed at the time of insult are more
tors has to do with the manner in which age is conceptualsusceptible to disruption than are already established abili-
ized. The use of broad-band age categoriesis warranted if theties (Dennis & Barnes, 1994) would lead one to anticipate a
is a reason to compare children above and below a preestapattern of disease effects similar to that shown in Figure 1.
lished age level. As an example, the above-cited evidence thatypothetical effects of brain insult on an established skill
childrenyoungerthan 7 years of age are more vulnerable thaare illustrated in Figure 1a. Data from studies of children
older childrento TBI and cranial irradiation (Radcliffe et al., with TBI (Chadwick et al., 1981; Jaffe et al., 1995) indicate
1994; Anderson & Moore, 1995; Dennis et al., 1995) wouldthat the initial effect of insult at, may be the most dra-
help justify comparisons of these two age groups. Frequentlynatic, resulting in a deficidin Figure 1a. Improvements in
however, there is little basis for categorizing children into ageperformance with age would then occur at some linear or
groups. As illustrated by the findings of Barnes et al. (1996) nonlinear growth raté. Growth over time in an unaffected
it is also conceivable that age differences vary for differentchild would be predicted based on either practice effects or
measures of outcome. In light of these considerations, and tekill development across the follow-up interval. For a child
enhance statistical power (Cohen, 1988), it may often be prefwith a brain insult, however, recovery would also be occur-
erable to analyze age as a continuous variable. ring, and would potentially result in an even steeper slope
of change than that found in an unaffected individual. At
some point in timet,, recovery would be expected to reach
an asymptotic level, corresponding to residual deficiA
A major benefit of longitudinal follow-up is that it permits further possibility is that a child with brain insult may show
assessment of developmental sparing in terms of deviationgitial recovery to a levek, but then begin to fall further
from expected individual developmental trajectories, rathebehind as a skill becomes more complex or as new learning
than in terms of group differences at discrete time pointds required.
after insult (Fletcher et al., 1995). Analyses of individual In contrast, the impact of brain insult on a to-be-acquired
growth trajectories are more sensitive than cross-sectionar developing skill, illustrated in Figure 1b, may not be
comparisons to changes over time, and less subject to reeadily apparent at timg (parameter). The reason for

Longitudinal Follow-up
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(a) Some of the problems encountered in doing longitudinal
Ct research include the possibility of practice effects, selective

attrition, and the influences of study participation on out-
comes. Although there is no foolproof method for dealing
with the effects of repeated testing (Brooks et al., 1984),
one workable approach is to compare changes in the chil-
dren with brain insults to changes in a comparison group.
Attrition is problematic only if it potentially biases study
findings. It is therefore important to compare participants
who drop out with those who remain involved in terms of
background variables and outcomes obtained prior to drop-
out (Cicchetti & Nelson, 1994; Francis et al., 1994). Sus-
pected biases can then be taken into account in interpreting
the results. Attrition is minimized by arranging for ongoing
(b) contacts with families, providing clinical assistance and rea-
sonable stipends for participation, and being willing to ac-
commodate to family schedules (Streissguth & Giunta,
1992). Making referrals and recommendations based on as-
sessment results may have a positive influence on children,
but interventions can be monitored to explore relationships
between service provision and outcomes.

SCORE

Injury t 1 ty
Time

SCORE

Appropriate Assessments of Outcome

jury 1) 5 Studies of_the consequences of early brain ?njur.y fall Fo sug-
Time gest a unitary pattern of neuropsychological impairment
(Rutter, 1981). Certain skills, however, appear to be partic-
Fig. 1. Hypothetical developmental changes in establishedfd®)  y|arly vulnerable to disruption following TBI and other child-
ﬁﬁ:to-bz-gcqwr;d (1b) SKI”S in children Wlth brain insults (solid hood brain insults, including speeded performance, memory
) and in unatffected children (broken line). and learning, visuoperceptual and attentional skills, and ex-
ecutive function (Rutter, 1981; Goldstein & Levin, 1985;
Dennis, 1991; Knights et al., 1991; Levin et al., 1993; Tay-
this is that the skill would not yet have fully emerged, evenlor et al., 1996). Assessment of these skills is valuable in
in an unaffected child. Sequelae, nevertheless, would bedetecting more subtle degrees of brain damage and in track-
come more apparent over time as the child with brain insuling cognitive recovery. Assessment of specific cognitive pro-
fails to acquire the skill at the expected rate. In this instancegesses may also provide clues regarding the types of abilities
improvements in performance over time (paramieYevould  that are most vulnerable to earlier brain insults, or most
take place less rapidly in the child with brain insult than in closely associated with injuries to circumscribed brain re-
the unaffected child, and the former child’s deficiatt,  gions (Dennis, 1991; Dennis et al., 1995). An example of
would thus be greater than the initial defiait this approach is provided in the present symposium by Levin
The major advantage of this conceptualization of se-and colleagues, who show the value of a specific task in
guelae is the emphasis it places on developmental sparirexploring age differences in the vulnerability of executive
as a complex, multicomponent process. The influence ofunctions to frontal lobe damage.
age-related factors can be examined in relation to each of Assessments should additionally include measures of be-
the several components of this process. Although age ikavior, school performance, and academic achievement
typically considered in terms of performance relative to an(Brooks, 1990; Fletcher et al., 1990). One reason to include
“expected” level of functioning at a given point in time (pa- these assessments is that they may reveal brain-related im-
rametera in Figure 1), age-related factors may also be re-pairments not evident in traditional neuropsychological test-
lated to rates of change over time (paramdfeor to the ing (Dennis, 1991, Ylvisaker, 1993). A second reason is
extent of residual impairment present at the point at whichthat environmental factors may have stronger influences on
the child’s initial recovery reaches a plateau (parameter measures of behavior and academic competence than on
Isolating distinct parameters of the developmental impacheuropsychological skills (Taylor & Schatschneider, 1992).
of brain lesions may be of additional value in exploring Behavior rating scales developed for general use have had
biological and environmental influences on outcomes. Thamixed success in detecting sequelae of childhood brain dis-
paper by Yeates et al. (1997) in this series demonstratesase (Fletcher & Ewing-Cobbs, 1991; Perrott et al., 1991).
the benefits of this type of approach to longitudinal dataConsequently, it may be worthwhile to consider behavior
analysis. ratings developed specifically for children with brain in-
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sults (Rivara et al., 1994; Barry et al., 1996; Roberts & Fu-paring children with TBI to children with non-CNS trau-
ruseth, in press). It may also be useful to supplement behavignatic injuries is that it allows the investigator some degree of
ratings with interviews and observations (Fletcher & Ewing-control over the risks associated with accidental injury, the ef-
Cobbs, 1991; Max et al., 1997). fect of the accompanying non-CNS trauma on the child, and
A particularly vexing measurement problem encounteredhe influence of environmental stressors, such as hospital-
in following children over time and in comparing different ization experiences, missed school, and family distress, on out-
age groups relates to the fact that most outcome measureemes (Brownetal., 1981; Lescohier & DiScala, 1993; Taylor
are age limited. Tests appropriate for infants, for examplegt al., 1995a).
do not apply to preschoolers, and preschool test procedures Information pertaining to the child’s cognitive, aca-
can not be used in assessing older children. One approademic, and behavioral functioning prior to injury is espe-
to this problem is to use different tests according to the ageially relevant in evaluating the consequences of TBI. In
of the child, and then to treat tests that measure similar corlight of evidence of above average rates of preinjury behav-
structs as equivalent for the purposes of analysis (Ewingioral and academic problems in at least some subgroups of
Cobbs et al., 1989). The major limitation of this approach ischildren with TBI (Oddy, 1993; Goldstein & Levin, 1985),
that any age-related variation in outcome may be ascribedata on premorbid functioning is useful in interpreting group
to differences in test procedures rather than to age differdifferences in outcomes (e.g., severe T8l moderate—
enceer se(Mulhern et al., 1992). Variance due to type of mild TBI, or TBI vs non-CNS injury). Two recent studies
test may also obscure important developmental effects. Aailed to find higher-than-normal rates of preinjury prob-
means to contend with this problem is to restrict group comiems in children with TBI (Donders, 1992; Prior et al., 1994).
parisons or repeated measures analysis to subsets of ddavertheless, assessment of outcomes relative to preinjury
involving uniform test procedures. The major drawbacks offunctioning permits more precise determination of injury
this suggestion are the reduced sample sizes that result, ardquelae. Estimates of premorbid functioning can be based
the researcher’s inability to examine changes across broaden sociodemographic indices, the results of group-admin-
age ranges. Another possibility is to examine the effect ofstered school testing, or ratings of preinjury behavior and
change in type of test as a variable in the analysis (Silbeschool performance completed by parents and teachers
et al., 1992; Radcliffe et al., 1994). The studies of Ewing-(Levin & Eisenberg, 1979; Rutter et al., 1980; Rivara et al.,
Cobbs et al. (1997) and Anderson et al. (1997) reported i1994; Taylor et al., 1995a; Yeates & Taylor, 1997). The ef-
this symposium illustrate current efforts to grapple with thisfect of injury can then be examined in terms of differences
problem. between these estimates and postinjury ratings or test per-
A related measurement issue is that even tests with thieormances. An alternative method for reducing confounds

same or similar content may not measure the same prdsetween preinjury status and injury outcomes is to screen
cesses in younger and older children (Fletcher et al., 1984ut children with preexisting problems (Fletcher et al.,
Stiles & Thal, 1993). Changes over time in the degree 0fL990).
impairment due to brain insult may thus reflect age-related
differences in what tests measure, rather than any real im-
provements or declines in the sequelae of brain insult oveEvaluation of the Nature and Severity of
time. Appreciation of the cognitive processes that contrib-Brain Insult and of Other Individual Factors
ute to test performance is thus essential.

Because age differences in the consequences of early brain

disease depend on the nature and severity of brain insult, it
Examination of Factors That May Be is important for researchers to define the types of brain in-
Confounded With Outcomes sults sustained by children in the sample and, if possible, to

describe the size and location of brain lesions. Sequelae may
Developmental difficulties following early brain insults may be restricted to subgroups of children who sustained the most
not be due to the brain insult itself, but to other preexistingsevere insults (Shaffer et al., 1980; Chadwick et al., 1981;
or concurrent conditions. Sequelae can only be assessed bgvin et al., 1995; Dennis & Barnes, 1996). The level of
considering confounds, such as congenital conditions, neurdrjury severity needed to produce measurable sequelae may
logical disorders other than the brain lesion of interest, oreven be age dependent. Data reported in this symposium by
suboptimal environmental circumstances. Comparison of afGronwall (1997), for example, raise the possibility that youn-
fected children to normal siblings or to unaffected childrenger children are more susceptible to milder TBI than older
from similar socioeconomic backgrounds is one method foichildren. A further reason to investigate the nature of the
isolating the sequelae of brain insult (Taylor et al., 1992 brain damage is that the neuropathological consequences of
1996; Grimwood et al., 1995). To assess sequelae of TBkome types of insults may vary with the age of the child
several investigators have advocated for inclusion of ar{Packer et al., 1989; Anderson & Moore, 1995). In the lat-
other-injury group, such as children with orthopedic in-ter instance, differences in pathophysiology, rather than in
juries only (Rutter et al., 1980; McKinlay & Brooks, 1984; neural organization, may be responsible for age-related vari-
Goldstein & Levin, 1985; Oddy, 1993). The advantage of com-ations in outcomes.
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The severity of the insult can be assessed in terms of thevaluate contextually relevant family stressors, such as dis-
child’s neurological status during the acute phase of the infuptions in family routines caused by the child or the strain
jury or disease, as has been the case in studies of meningiti; parents associated with the child’s medical needs (Tay-
(Taylor et al., 1992; Grimwood et al., 1995), or, for chil- lor et al., 1995a; Rivara et al., 1996).
dren with TBI, in terms of the degree of coma, period of The pattern of relationships between social variables and
unconsciousness, or interval of posttraumatic amnesidifferent outcome measures may provide clues as to which
(Ewing-Cobbs et al., 1990). Other markers of pathology in-aspects of development are most subject to environmental
clude the amount of irradiation treatment given to a childmodification. Environmental factors may be especially im-
with cancer (Silber et al., 1992) and the locus and or extenportant determinants of outcomes that are highly experience-
of brain damage evident in imaging studies (Chadwickdependent, such as syntactic development, academic
et al., 1981; Dennis et al., 1981; Fletcher et al., 1992). Asachievement, and behavioral adaptation (Taylor etal., 1992;
demonstrated by Levin et al. (1997) in the present sympoTaylor & Schatschneider, 1992; Greenough et al., 1987,
sium, quantitative neuroimaging studies hold considerabl®eville, 1993). Discovery of associations between environ-
promise in this regard. mental factors and outcomes would suggest ways in which

The consequences of early brain injury may also be reto work with the child and family to promote more positive
lated to factors such as sex and social status (Taylor et aloutcomes. An additional benefit of evaluating the post-
1992). In some instances, the sequelae of early neurologicaljury environment is that it assists the researcher in sorting
insults have proved to be sex dependent, or sequelae hawet the primary consequences of brain insult from second-
varied in relation to social factors (Taylor et al., 1993; Bend-ary, environmentally mediated, sequelae (St. James-Roberts,
ersky & Lewis, 1994; Breslau, 1995). Investigation of age1979; Goldstein & Levin, 1985; Rutter, 1993).
differences may thus require that the latter factors be taken

into account. DISCUSSION AND CONCLUSIONS

Any viable explanation for the finding that sequelae of brain
insults are more pronounced or enduring in younger chil-
Justification for examining environmental influences on de-dren than in older children or adolescents must be able to
velopment following childhood brain insults is provided by account for two seemingly contradictory observations. The
studies showing that brain insults in children can have negimmature brain appears to be more vulnerable to injury, but
ative consequences for their families (Waaland & Rainesconsiderable sparing of function is also possible, and im-
1991; Taylor et al., 1995a; Rivara et al., 1996; Wade et al.plies a high degree of neural plasticity early in life (Aram &
1996). Family adversity, whether it is preexisting or stemsEisele, 1992; Vargha-Khadem et al., 1994). The major con-
from the injury itself, is associated in turn with problems in clusion of this review is that plasticity is incomplete. Al-
child functioning after insult ( Brown et al., 1981; Casey though developmental sparing can occur, the plurality of
et al., 1986). Additional justification for examining social studies in this area indicate that brain insults have more sig-
influences on sparing is provided by studies of laboratorynificant long-term consequences for infants and young chil-
animals indicating that early experience affects brain orgadren than for school-age children or adults. Current findings
nization, and that manipulation of the postlesion environ-further suggest that the sequelae of childhood brain lesions
ment influences subsequent learning capacities (Greenougdither remain relatively constant over time since insult, or
et al., 1987; Kolb, 1989; Neville, 1993; Fischer & Rose, worsen. With the exception of early focal lesions (Feldman
1994). Until recently, however, few studies of children haveet al., 1992; Stiles & Thal, 1993) and initial recovery from
included detailed and systematic assessments of family acute insults (Chadwick et al., 1981; Jaffe et al., 1995), there
other environmental variables (St. James-Roberts, 1979 no evidence for a lessening of the effects of injury with
1981; Fletcher et al., 1984). The study by Yeates et al. (1997age. Declines in functioning over age, when they occur, may
represents an effort to address this shortcoming. reflect a slowness in the rate of acquisition of new skills,
Environmental factors to consider include family dis- greater difficulties in higher-level, compared to lower-level,
tress and burden associated with the child’s condition, fameognitive abilities, or even pathophysiological processes.
ily functioning, and the resources the child and family have While the picture might seem bleak for individuals who
at their disposal to cope with their needs (Waaland & Raineshave sustained brain insults early in life, long-term se-
1991; Carlson-Green et al., 1995; Taylor et al., 1995a; Riquelae vary substantially depending on the nature of the
vara et al., 1996). Sociodemographic variables, parent psynsult, the manner in which outcome is assessed, and expe-
chological adjustment, and patterns of family interactionsriential factors (St. James-Roberts, 1979). Considerable spar-
may be useful in identifying families at greatest risk for dif- ing or attenuation of deficits over time is possible under some
ficulties adjusting to brain insults in children. Family vari- circumstances (Feldman et al., 1992; Stiles & Thal, 1993;
ables may be of additional value in identifying children at Dall'Oglio et al., 1994). Moreover, our current knowledge
risk for adverse long-term cognitive or behavior problemson age-related influences is limited and we are only begin-
(Wade et al., 1995; Yeates et al., 1997). Related researahing to come to terms with the methodological flaws of
involving children with chronic illness suggests the need toprevious research in this area. Due to frequent confounds

Consideration of Environmental Influences
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between age at insult, time since injury, and age at assesBendersky, M. & Lewis, M. (1994). Environmental risk, bio-
ment, as well as other limitations of study design, only logical risk, and developmental outconizevelopmental Psy-
tentative conclusions can be drawn with regard to the chology 30, 484-494.
unique effects of age-related factors on developmentaBishop, D.V. (1981). Plasticity and specificity of language local-
outcomes. ization in the developing braibevelopmental Medicine and
The practical goals of research on developmental sparing CNild Neurology 23, 251-255. , -
following early brain insults are to enhance our understand®resiau. N- (1995). Psychiatric sequelae of low birth weigip-
ing of which children are at risk, the type of risks they face, demiological Reviews.7, 96_106' .
. . . . _'Brooks, D.N. (1990). Behavioral and social consequences of se-
and how to optimize their development. Theoretical aims S
. . A vere head injury. In B. Deelman, R. Soan, & A. van Zomeren
are to |dgntlfy sourges of Yar'ab'“ty_m outcc')mes,' develop- (Eds.), Traumatic brain injury: Clinical, social and rehabili-
mental dlﬁerenceg mn braln_—behav_lor relationships and in  (ational aspect¢pp. 77-88). Amsterdam: Swets & Zeitlinger.
neural reorganization following brain damage, and the congqoks, D.N., Deelman, B., van Zomeren, A., van Dongen, H.,
tribution of biological and social factors to sparing (Rourke,  van Harskamp, F., & Aughton, M. (1984). Problems in mea-
1988; Aram & Eisele, 1992; Dennis & Barnes, 1994; Fletcher  suring cognitive recovery after acute brain injudpurnal of
etal., 1995; Taylor et al., 1995a; Dennis, in press). The cur- Clinical Neuropsychology6, 71-85.
rent symposium demonstrates a number of efforts to furtheBrookshire, B.L., Fletcher, .M., Bohan, T.P., Landry, S.H., David-
progress in these directions. son, K.C., & Francis, D.J. (1995). Verbal and nonverbal skills
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follow-up. Journal of Pediatric Psychology0, 785-800.
ACKNOWLEDGMENTS Brown, G., Chadwick, O., Schaffer, P., Rutter, M., & Traub, M.
(1981). A prospective study of children with head injuries: III.
H. Gerry Taylor, Department of Pediatrics; Jeremy Alden, now at  Psychiatric sequela®sychological Medicingll, 63-78.
the Universidad San Francisco de Quito, Quito, Ecuador. This pacarlson-Green, B., Morris, R.D., & Krawiecki, N. (1995). Family
per was supported in part by Grant MCJ-390611, Maternal and and illness predictors of outcome in pediatric brain tumaosr-
Child Health Bureau (Title V, Social Security Act), Health Re- nal of Pediatric Psychology20, 769-784.
sources and Services Administration, Department of Health angasey, R., Ludwig, S., & McCormick, M.C. (1986). Morbidity fol-
Human Services, H. Gerry Taylor, Principal Investigator. The au-  |Jowing minor head trauma in childreRediatrics 78, 497-502.
thors wish to thank Vicki Anderson for her comments on the manu-chagwick, L., Rutter, M., Shaffer, D., & Shrout, P.E. (1981). A
script and Keith Owen Yeates for his thoughts and discussion on  prospective study of children with head injuries: IV. Specific cog-
developmental change. nitive deficits Journal of Clinical Neuropsycholog$, 101-120.
Chadwick, O., Rutter, M., Thompson, J., & Shaffer, D. (1981). In-
tellectual performance and reading skills after localized head
REFERENCES injury in childhood.Journal of Child Psychology and Psychi-

Anderson, V. & Moore, C. (1995). Age at injury as a predictor of atry, 22, 117-139. . .
outcome following pediatric head injury: A longitudinal per- Chapman, S.B. (1995). Discourse as an outcome measure in
spective Child Neuropsychologyl, 187-202. pedlatrlc_ head injury. _In S._H. Broman & M.E. Michel (Eds.),

Anderson, V., Morse, S., Klug, G., Catroppa, C., Harintou, F., Trauma_tlc he_adlnjuryln childrefpp. 95-116). New York: Ox-
Rosenfeld, G., & Pentland, L. (1997). Predicting recovery from _ ford University Press.
head injury in preschool children: A prospective analysis. Christie, D., Leiper, A.D., Chessells, JM., & Vargha-Khadem, F.
Journal of the International Neuropsychological Socifityis (1995). Intellectual performance after presymptomatic cranial
issue). radiotherapy for leukaemia: Effects of age and skichives

Aram, D.M. & Eisele, J.A. (1992). Plasticity and recovery of higher ~ ©f Disease in Childhoad’3, 136-140.
cognitive functions following early brain injury. In I. Rapin & Cicchetti, D.V. & Nelson, L.D. (1994). Re-examining threats to

S.J. Segalowitz (Eds.Handbook of neuropsychology, Vol. 6:  the reliability and validity of putative brain-behavior relation-
Child neuropsychologgpp. 73-92). Elsevier Science. ships: New guidelines for assessing the effects of patients lost

Aram, D.M. & Eisele, J.A. (1994). Intellectual stability in children o follow-up. Journal of Clinical and Experimental Neuropsy-
with unilateral brain lesiondNeuropsychologia32, 85-95. chology 16, 339-343.

Banich, M., Levine, S., Kim, H., & Huttenlocher, P. (1990). The Cohen, J. (1988 tatistical power analysis for the behavioral sci-
effects of developmental factors on IQ in hemiplegic children. ~ ences(2nd ed.). Hillsdale, NJ: Lawrence Erlbaum Associates.

Neuropsychologia28(a), 35—-47. Dall'Oglio, A.M., Bates, E., Volterra, V., Di Capua, M., & Pezzini,
Barnes, M., & Dennis, M., & Wilkinson, M. (1996Reading after G. (1994). Early cognition, communication and language in chil-
closed head injury in childhood: Effects on accuracy, fluency, drenwith focal brain injuryDevelopmental Medicine and Child

and comprehensiorManuscript submitted for publication. Neurology 36, 1076-1098.

Barry, C.T., Taylor, H.G., Klein, S., & Yeates, K.O. (1996). The Dennis, M. (1991). Frontal lobe function in childhood and adoles-
validity of neurobehavioral symptoms reported in children with ~ cence: A heuristic for assessing attention regulation, executive
traumatic brain injuryChild Neuropsychology?, 193—-203. control, and the intentional states important for social dis-

Bates, E., Dale, P.S., & Thal, D. (1995). Individual differences course Developmental Neuropsycholqgy 327—358.
and their implications for theories of language development.Dennis, M. (in press). Acquired disorders of language in children.
In P. Fletcher & B. MacWhinney (Eds.Handbook of child In T.E. Feinberg & M.J. Farah (Eds.Behavioral neurology
language(pp. 96—151). Cambridge, MA: Blackwell. and neuropsychology

https://doi.org/10.1017/51355617797005559 Published online by Cambridge University Press


https://doi.org/10.1017/S1355617797005559

564 H.G. Taylor and J. Alden

Dennis, M. & Barnes, M. (1994). Developmental aspects of neuroFletcher, J.M., Bohan, T.P., Brandt, M.E., Brookshire, B.L.,

psychology: Childhood. In D. Zaidel (Ed llandbook of per- Beaver, S.R., Francis, D.J., Davidson, K.C., Thompson, N.M.,
ception and cognition, Vol. 15: Neuropsychologp. 219— & Miner, M.E. (1992). Cerebral white matter and cognition
246). New York: Academic Press. in hydrocephalic childrenArchives of Neurology49, 818—

Dennis, M. & Barnes, M. (1996). Appraising and managing knowl- ~ 824.
edge: Metacognitive skills after childhood head injubgvel-  Fletcher, J.M. & Copeland, D.R. (1988). Neurobehavioral effects

opmental Neuropsycholog¥2, 77-103. of central nervous system prophylactic treatment of cancer in
Dennis, M., Fitz, C., Netley, C., Sugar, J., Harwood-Nash, D., Hen-  children.Journal of Clinical and Experimental Neuropsychol-

dricks, E., Hoffman, H., & Humphreys, R. (1981). The intelli- ogy, 10, 495-538.

gence of hydrocephalic childreérchives of Neurology38, Fletcher, J.M. & Ewing-Cobbs, L. (1991). Head injury in children.

607-615. Brain Injury, 5, 337-338.

Dennis, M., Hendrick, E.B., Hoffman, H.L., & Humphreys, R.P. Fletcher, J.M., Ewing-Cobbs, L., Francis, D.J., & Levin, H.S. (1995).
(1987). Language of hydrocephalic children and adolescents. Variability in outcomes after traumatic brain injury in children:
Journal of Clinical and Experimental Neuropsycholp@y593— A developmental perspective. In S.H. Broman & M.E. Michel
621. (Eds.), Traumatic head injury in childregpp. 3—21). New York:

Dennis, M., Spiegler, B.J., Hetherington, C.R., & Greenberg, M.L.  Oxford University Press.

(in press). Neuropsychological sequelae of the treatment of chilFletcher, J.M., Ewing-Cobbs, L., Miner, M., Levin, H., & Eisen-
dren with medulloblastomaournal of Neuro-Oncology berg, H. (1990). Behavioral changes after closed head injury in

Dennis, M., Wilkinson, M., Koski, L., & Humphreys, R.P. (1995). children.Journal of Consulting and Clinical Psychology8,
Attention deficits in the long term after childhood head in-  93-98.
jury. In S.H. Broman & M.E. Michel (Eds.)Traumatic head Fletcher, J.M., Levin, H.S., & Landry, S.H. (1984). Behavioral con-
injury in children (pp. 165-187). New York: Oxford Univer- sequences of cerebral insult in infancy. In C.R. AImli & S. Fin-
sity Press. ger (Eds.)Early brain damagé€Vol. 1, pp. 189-213). Orlando,

DeVos, K.J., Wyllie, E., Geckler, C., Kotagal, P., & Comair, Y. (1995).  FL: Academic Press.

Language dominance in patients with early childhood tumors neaFrancis, D.J., Copeland, D.R., & Moore, B.D. (1994). Neuropsy-

left hemisphere language arebgurology 45, 349—-356. chological changes in children with cancer: The treatment of
Donders, J. (1992). Premorbid behavioral and psychosocial adjust- missing data in longitudinal studieNeuropsychology Review

ment of children with traumatic brain injuryournal of Abnor- 4, 199-222.

mal Child Psychology20, 233—-246. Goldman, P. (1974). An alternative to developmental plasticity:

Eisele, JA. & Aram, D.M. (1995). Lexical and grammatical de-  Heterology of CNS structures in infants and adults. In P.G. Stein,
velopment in children with early hemisphere damage: Across- J.J. Rosen, & N. Butlers (EdsBlasticity and recovery of func-
sectional view from birth to adolescence. In P. Fletcher & B.  tion in the central nervous systefpp. 149-174). New York:
MacWhinney (Eds.)Handbook of child languagépp. 664— Academic Press.

689). Cambridge, MA: Blackwell. Goldstein, F. & Levin, H. (1985). Intellectual and academic out-
Eslinger, P.J., Grattan, L.M., Damasio, H., & Damasio, A.R. (1992). come following closed head injury in children and adoles-
Developmental consequences of childhood frontal lobe dam- cents: Research strategies and empirical findiDgselopmental

age.Archives of Neurology49, 764—769. Neuropsychologyl, 195-214.

Ewing-Cobbs, L., Fletcher, JM., Levin, H.S., Francis, D.J., Da-Greenough, W.T., Black, J.E., & Wallace, C.S. (1987). Experience
vidson, K., & Miner, M.E. (1997). Longitudinal neuropsycho-  and brain developmenChild Development8, 539-559.
logical outcome in infants and preschoolers with traumatic brainGrimwood, K., Anderson, V.A., Bond, L., Catroppa, C., Hore, R.,
injury. Journal of the International Neuropsychological Soci-  Keir, E.H., Nolan, T., & Roberton, D.M. (1995). Adverse out-
ety (this issue). comes of bacterial meningitis in school-age survivéxsdiat-

Ewing-Cobbs, L., Levin, H., Eisenberg, H., & Fletcher J. (1987). rics, 95, 646—656.

Language functions following closed-head injury in children Gronwall, D., Wrightson, P., & McGinn, V. (1997). Effect of mild
and adolescentdournal of Clinical and Experimental Neuro- head injury during the pre-school yeadaurnal of the Inter-
psychology9, 575-592. national Neuropsychological Sociefthis issue).

Ewing-Cobbs, L., Levin, H., Fletcher, J., Miner, M., & Eisenberg, Hagerman, R., Schreiner, R., Kemper, M., Wittenberger, M., Zahn,
H. (1990). The Children’s Orientation and Amnesia Test: Re-  B., & Habicht, K. (1989). Longitudinal IQ changes in fragile X
lationship to severity of acute head injury and to recovery of males.American Journal of Medical Genetic33, 513-518.
memory.Neurosurgery27, 683—691. Hebb, D. (1942). The effect of early and late brain injury upon test

Ewing-Cobbs, L., Miner, M., Fletcher, J.M., & Levin, H.S. (1989). scores, and the nature of normal adult intelligerReceed-
Intellectual, motor, and language sequelae following closed ings of the American Philosophical Socie®p, 265-292.
head injury in infants and preschooledaurnal of Pediatric ~ Heywood, C.A. & Canavan, A.G.M. (1987). Developmental neuro-

Psychology14, 531-544. psychological correlates of language. In W. Yule & M. Rutter
Feldman, H.M., Holland, A.L., Kemp, S.S., & Janosky, J.E. (1992). (Eds.),Language development and disorders. Clinics in De-
Language development after unilateral brain injisain and velopmental MedicingNo. 101-102, pp. 146-158). London:

Language42, 89-102. MacKeith/Blackwell.

Fischer, K.W. & Rose, S.P. (1994). Dynamic development of co-Hodapp, R.M., Dykens, E.M., Hagerman, R.J., Schreiner, R.,
ordination of components in brain and behavior: A framework Lachiewicz, A.M., & Leckman, J.F. (1990). Developmental im-
for theory and research. In G. Dawson & K.W. Fischer (Eds.), plications of changing trajectories of 1Q in males with fragile
Human behavior and the developing brgipp. 3-66). New X syndrome.Journal of the American Academy of Child and
York: Guilford. Adolescent Psychiatryp9, 214-219.

https://doi.org/10.1017/51355617797005559 Published online by Cambridge University Press


https://doi.org/10.1017/S1355617797005559

Outcomes following childhood brain injury 565

Holler, K.A., Fennell, E.B., Crosson, B., Boggs, S.R., & Mickle, Lewin, R. (1980). Is your brain really necessaig@ience 210,
J.P. (1995). Neuropsychological and adaptive functioning in  1232-1234.
younger versus older children shunted for early hydrocephalud.ocke, J.L. (1993)The child’s path to spoken languag€am-

Child Neuropsychologyl, 63—-73. bridge, MA: Harvard University Press.
Huttenlocher, P.R. (1990). Morphometric study of human cerebraMarlow, N., Roberts, L., & Cooke, R. (1993). Outcome at 8 years
cortex developmenteuropsychologia28, 517-527. for children with birth weights of 1250 g or les&rchives of

Jaffe, K.M., Polissar, N.L., Fay, G.C., & Liao, S. (1995). Re-  Diseases of Childhogd8, 286—290.
covery trends over three years following pediatric traumaticmax, J.E., Smith, W.L., Jr., Sato, Y., Mattheis, P.J., Castillo, C.S.,
brain injury. Archives of Physical Medicine and Rehabilita- Lindgren, S.D., Robin, D.A., & Stierwalt, J.A.G. (1997). Trau-
tion, 76, 17-26. matic brain injury in children and adolescents: Psychiatric dis-
Jones, C.L. (1992). Recovery from head trauma: Acurvilinear pro- - orders in the first three monthgournal of the American
cess?InC.J.Long & L.K. Ross (Ed¢andbook of head trauma: Academy of Child and Adolescent Psychiag§, 1-9.
Acute care to recoverfpp. 247-270). New York: Plenum. McKinlay, W.W. & Brooks, D.N. (1984). Methodological prob-
Kaufmann, P., Fletcher, JM., Levin, H.S., Miner, M. E., & Ewing-  |ems in assessing psychosocial recovery following severe head
Cobbs, L. (1993). Attentional disturbance after pediatric closed  jnyjury. Journal of Clinical Neuropsycholog, 87—99.
~head injury.Journal of Child Neurology8, 348-353. _ Miller, C.L., Landry, S.H., Smith, K.E., Wildin, S.R., Anderson,
Klnsel!a, G.J., Prior, M., Sawyer, M., Ong, B., Murtagh, D., Eisen- A E. & Swank, P.R. (1995). Developmental change in the neuro-
majer, R., Bryan, D., Anderson, V., & Klug, G. (1997). Predic- oy chological functioning of very low birth weight infan@hild
tors and indicators of academic outcome in children 2 years  neyropsychologyl, 224—236.
following traumatic brain injuryJournal of the International Mulhern, R.K., Ochs, J., & Fairclough, D. (1992). Deterioration of

_Nﬁuropsychological Socieghis issue). vodli intellect among children surviving leukemia: IQ test changes
Knights, R.M., lvan, L.P., Ventureyra, E.C.G., Bentivoglio, C., Stod- iy estimates of treatment toxicityournal of Consulting
dart, C., Winogron, W., & Bawden, H.N. (1991). The effects of and Clinical Psychology60, 477—480.

head injury in children on neuropsychological and behawouralMyer’ E. & Byers, R. (1952). Measles encephalifisierican Jour-

functioning.Brain Injury, 5, 339-351. . .
. L nal of Diseases of Childhoo&4, 853-879.
Kolb, B. (1989). Brain development, plasticity, and behavioner- Nass, R., Peterson, H., & Koch, D. (1989). Differential effects of

Larll(;;ajr;IF?C(qggg;ssg;bﬁ%i;fiial factors in right hemisphere congenital left and right brain injury on intelligendgrain and
o : 9 P Cognition 9, 258-266.

speech: Relation to early neurological histalyurnal of Com- . . -
. : ; Neville, H.J. (1993). Neurobiology of cognitive and language pro-
arative and Physiological and Psychol , 734—738. . )
P y g ycholo@h cessing: Effects of early experience. In M.H. Johnson (Ed.),

L b E. (1967Biological foundati fl &N
enne .erg., ( Biological foundations of languagdlew Brain development and cognitigpp. 424—447). Oxford, U.K.:
York: Wiley. Blackwell

Lescohier, |. & DiScala, C. (1993). Blunt trauma in children: Causes . . .
and outcomes of head versus extra cranial inj@gdiatrics ~ 0dd, M- (1993). Head injury during childhooleuropsycholog-
91 721-725. ical Rehabilitation 3, 301-320.

Levin, H., Culhane, K., Mendelsohn, D., Lilly, M., Bruce, D., Packer, R.J., Sutton, L.N., Atkins, T.E., Radcliffe, J., Bunin, G.R.,
Fletcher, J., Chapman, S., Harward, H., & Eisenberg, H. (1993). D'Angio, G., Siegel, K.R., & Schut, L. (1989). A prospective
Cognition in relation to magnetic resonance imaging in head- stut_jy of cognitive function in children receiving whole-brain
injured children and adolescentsrchives of Neurology50, radiotherapy and chemotherapy: 2-year resulurnal of

897-905. Neurosurgery70, 707-713.

Levin, H. & Eisenberg, H. (1979). Neuropsychological impair- Perrott, S., Taylor, H., & Montes, J. (1991). Neuropsychological
ment after closed head injury in children and adolescéist- sequelae, family stress, and environmental adaptation follow-
nal of Pediatric Psychologyl, 389—402. ing pediatric head injuryDevelopmental Neuropsycholagy

Levin, H.S., Ewing-Cobbs, L., & Eisenberg, H.M. (1995). Neuro- _69—86- )
behavioral outcome of pediatric closed head injury. In S.H. Bro-Prior, M., Kinsella, G., Sawyer, M., Bryan, D., & Anderson, V.

man & M.E. Michel (Eds.)Traumatic head injury in children (1994). Cognitive and psychosocial outcome after head injury
(pp. 70-94). New York: Oxford University Press. in children.Australian Psychologis29, 116-123.

Levin, H.S., Song, J., Scheibel, R.S., Fletcher, J.M., Harwood, H.Radcliffe, J., Bunin, G.R., Sutton, L.N., Goldwein, JW., & Phil-
Lilly, M., & Goldstein, F. (1997). Concept formation and prob- lips, P.C. (1994). Cognitive deficits in long-term survivors of
lem-solving following closed head injury in childredournal childhood medulloblastoma and other noncortical tumors: Age-
of the International Neuropsychological Sociétlyis issue). dependent effects of whole brain radiatibmternational Jour-

Levin, H., High, W. Jr., Ewing-Cobbs, L., Fletcher, J., Eisenberg, nal of Developmental Neurosciende, 327-334.

H., Miner, M., & Goldstein, F. (1988). Memory functioning Riva, D. & Cassaniga, L. (1986). Late effect of hemispherectomy
during the first year after closed head injury in children and  data without functional plasticity of the braiNeuropsycholo-
adolescentdNeurosurgery22, 1043-1052. gia, 24, 423-428.

Levin, H.S., Scheller, J., Richard, T., Grafman, J., Martindowski,Rivara, J.B., Jaffe, K.M., Polissar, N.L., Fay, G.C., Liao, S., & Mar-
K., Winslow, M., & Mirvis, S. (1996). Dyscalculia and dys- tin, K.M. (1996). Predictors of family functioning and change
lexia after right hemisphere injury in infancrchives of Neu- 3 years after traumatic brain injury in childrekrchives of Phys-
rology, 53, 88-96. ical Medicine and Rehabilitatiqrv7, 754—764.

Levine, S.C., Huttenlocher, P., Banich, M.T., & Duda, E. (1987).Rivara, J.B., Jaffe, K.M., Polissar, N.L., Fay, G.C., Martin, K.M.,
Factors affecting cognitive functioning of hemiplegic children.  Shurtleff, H.A., & Liao, S. (1994). Family functioning and chil-
Developmental Medicine and Child Neurolo@p, 27-35. dren’s academic performance and behavior problems in the year

https://doi.org/10.1017/51355617797005559 Published online by Cambridge University Press


https://doi.org/10.1017/S1355617797005559

566 H.G. Taylor and J. Alden

following traumatic brain injuryArchives of Physical Medi- a nonintervention modeNIDA Research Monograpti17, 137—
cine and Rehabilitation75, 369-379. 154.

Roberts, M.A. & Furuseth, A. (in press). Eliciting parental report Stuss, D.T. (1992). Biological and psychological development of
following pediatric traumatic brain injury: Preliminary find- executive functionsBrain and Cognition 20, 8—23.
ings on the Pediatric Inventory of Neurobehavioral Symptoms.Taylor, H. (1984). Early brain injury and cognitive development.
Archives of Clinical Neuropsychology In C. Almli, & S. Finger (Ed.) Early brain damage: Research

Rourke, B.P. (1988). The syndrome of nonverbal learning dis- orientations and clinical observatioripp. 325-345). New York:
abilities: Developmental manifestations in neurological dis- Academic Press.
ease, disorder, and dysfunctid@linical Neuropsychologis®, Taylor, H.G., Barry, C.T., & Schatschneider, C.W. (1993). School-
293-330. age consequences bfaemophilus influenza&ype b menin-

Rovet, J.F. (1990). Congenital hypothyroidism: Intellectual and gitis. Journal of Clinical Child Psychology22, 196—206.
neuropsychological functioning. In C.S. Holmes (E&3ycho-  Taylor, H.G., Drotar, D., Wade, S., Yeates, K., Stancin, T., & Klein,
neuroendocrinology: Brain, behavior, and hormonal inter- S. (1995a). Recovery from traumatic brain injury in children:
actions(pp. 273-322). New York: Springer-Verlag. The importance of the family. In S.H. Broman & M.E. Michel

Rovet, J.F., Ehrlich, R.M., & Czuchta, D. (1990). Intellectual char-  (Eds.),Traumatic head injury in childrefpp. 188-216). New
acteristics of diabetic children at diagnosis and one year later. York: Oxford University Press.

Journal of Pediatric Psychologyl5, 775—788. Taylor, H.G., Hack, M., Klein, N., & Schatschneider, C. (1995b).
Rovet, J.F.,, Ehrlich, R.M., & Hoppe, M. (1988). Specific intellec-  Achievement in children with birth weights less than 750 grams

tual deficits in children with early onset diabetes meli@ild with normal cognitive abilities: Evidence for specific learning

Developments9, 226-234. disabilities.Journal of Pediatric Psychology0, 703—720.

Rovet, J.F.,, Ehrlich, R.M., & Sorbara, D.L. (1992). Neurodevel- Taylor, H.G. & Schatschneider, C. (1992). Child neuropsycholog-
opment in infants and preschool children with congenital ical assessment: A test of basic assumpti@imical Neuro-
hypothyroidism: Etiological and treatment factors affecting out-  psychologist6, 259-275.

come.Journal of Pediatric Psychologyl 7, 187—213. Taylor, H.G., Schatschneider, C., Petrill, S., Barry, C.T., & Owens,
Rutter, M. (1981). Psychological sequelae of brain damage in chil- C. (1996). Executive dysfunction in children with early brain
dren.American Journal of Psychiatry138 1533-1544. disease: Outcomes pdstemophilus influenzameningitis De-

Rutter, M. (1993). Cause and course of psychopathology: Some velopmental Neuropsychologl?, 35-51.
lessons from longitudinal dat®aediatric & Perinatal Epide-  Taylor, H., Schatschneider, C., & Rich, D. (1992). Sequelae of
miology; 7, 105-120. Haemophilus influenzameningitis: Implications for the study

Rutter, M., Chadwick, O., Shaffer, D., & Brown, G. (1980). A pro- of brain disease and development. In M. Tramontana & S.
spective study of children with head injuries: |. Design and meth- Hooper (Eds.)Advances in child neuropsychologyol. 1,
ods.Psychological Medicingl0, 633-645. pp. 50-108). New York: Springer-Verlag.

St. James-Roberts, |. (1979). Neurological plasticity, recovery fromrhatcher, R.W. (1991). Maturation of the human frontal lobes: Phys-
brain insult and child development. In H.W. Reese & L. Lipsett  iological evidence for stagind>evelopmental Neuropsychol-
(Eds.),Advances in child development and behayjmp. 253— ogy, 7, 397-419.

319). New York: Academic Press. Thompson, N.M., Francis, D.J., Stuebing, K.K., Fletcher, J.M.,

St. James-Roberts, 1. (1981). A reinterpretation of hemispherec- Ewing-Cobbs, L., Miner, M.E., Levin, H.S., & Eisenberg, H.M.
tomy data without functional plasticity of the brain: Intellec- (1994). Motor, visual-spatial, and somatosensory skills after
tual function.Brain and Languagel, 31-53. closed head injury in children and adolescents: A study of

Satz, P, Strauss, E., Hunter, M., & Wada, J. (1994). Re-examination changeNeuropsychologys, 333—342.
of the crowding hypothesis: Effects of age of ondéturopsy- Thomsen, 1.V. (1989). Do young patients have worse outcomes

chology 8, 255—-262. after severe blunt head traumBrain Injury, 3, 157-162.
Schneider, G.E. (1979). Is it really better to have your brain lesiorvargha-Khadem, F., Isaacs, E., & Muter, V. (1994). A review of
early: A revision of the “Kennard Principal Neuropsychol- cognitive outcome after unilateral lesions sustained during child-
ogy, 17, 557-583. hood.Journal of Child Neurology9 (Suppl. 2), 2S67-2S73.
Shaffer, D., Bijur, P., Chadwick, O., & Rutter, M. (1980). Head Vargha-Khadem, F., Isaacs, E., Papaleloudi, H., Polkey, C.E., &
injury and later reading disabilityournal of the American Acad- Wilson, J. (1991). Development of language in six hemispher-
emy of Child Psychiatryl9, 592—-610. ectomized patient®Brain, 114, 473-495.

Silber, J.H., Radcliffe, J., Peckham, V., Perilongo, G., Kishnani, P.Vargha-Khadem, F., Isaacs, E., Van Der Werf, S. Robb, S., &
Fridman, M., Goldwein, JW., & Meadows, A.T. (1992). Whole- Wilson, J. (1992). Development of intelligence and memory
brain irradiation and decline in intelligence: The influence of  in children with hemiplegic cerebral palsBrain, 115 315-—

dose and age on IQ scordournal of Clinical Oncology10, 329.

1390-1396. Vargha-Khadem, F., O'Gorman, A., & Watters, G. (1985). Aphasia
Smith, A. & Sugar, C. (1975). Development of above normal lan-  and handedness in relation to hemispheric side, age atinjury and

guage and intelligence 21 years after left hemispherectidey- severity of cerebral lesion during childho@tain, 108 677—-696.

rology, 25, 813-818. Waaland, P. & Raines, S. (1991). Families coping with childhood

Stiles, J. & Thal, D. (1993). Linguistic and spatial cognitive de-  neurological disability: Clinical assessment and treatment.
velopment following early focal brain injury: Patterns of def- Neuropsychological Rehabilitatiod, 19-27.
icitand recovery. In M.H. Reader (EdBrain developmentand Wade, D., Drotar, D., Taylor, H.G., & Stancin, T. (1995). Assess-
cognition(pp. 643—664). Cambridge, MA: Blackwell. ing the effects of traumatic brain injury on family functioning:
Streissguth, A.P. & Giunta, C.T. (1992). Subject recruitment and Conceptual and methodological issuszsurnal of Pediatric Psy-
retention for longitudinal research: Practical considerations for  chology 20, 737-752.

https://doi.org/10.1017/51355617797005559 Published online by Cambridge University Press


https://doi.org/10.1017/S1355617797005559

Outcomes following childhood brain injury 567

Wade, S., Taylor, H.G., Drotar, D., Stancin, T., & Yeates, K.O. injury. Journal of the International Neuropsychological Soci-
(1996). Childhood traumatic brain injury: Initial impact on the ety, 1, 78-87.

family. Journal of Learning Disabilities29, 652—661. Yeates, K.O. & Taylor, H.G. (1997Predicting premorbid neuro-
Wills, K., Holmbeck, G., Dillon, K., & McLone, D. (1991). Intel- psychological functioning following pediatric traumatic brain

ligence and achievement in children with myelomeningeocele. injury. Manuscript submitted for publication.

Journal of Pediatric Psychologyl5, 161-176. Yeates, K.O., Taylor, H.G., Drotar, D., Wade, S.L., Klein, S., Stan-
Woods, B. & Carey, S. (1979). Language deficits after apparentre- cin, T., & Schatschneider, C. (1997). Pre-injury family envi-

covery from childhood aphasi@nnals of Neurologys, 405—409. ronment as a determinant of recovery from traumatic brain
Woods, B. (1980). The restricted effects of right hemisphere le- injuries in school-age childrerlournal of the International

sions after age one: Wechsler test d&dauropsychologyl8, Neuropsychological Sociefshis issue).

65-70. Ylvisaker, M. (1993). Communication outcome in children and ad-

Yeates, K.O., Blumenstein, E., Patterson, C.M., & Delis, D. (1995). olescents with traumatic brain injureuropsychological Re-
Verbal learning and memory following pediatric closed-head habilitation, 3, 367-387.

https://doi.org/10.1017/51355617797005559 Published online by Cambridge University Press


https://doi.org/10.1017/S1355617797005559

