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Abstract

Neuropsychological outcome was evaluated in a prospective, longitudinal follow-up study of children age 4 months
to 7 years at injury with either mild-to-moderate & 35) or severeN = 44) traumatic brain injury (TBI).
Age-appropriate tests were administered at baseline, 6 months, 12 months, and 24 months after the injury.
Performance was compared on (1) composite IQ and motor, (2) receptive and expressive language, and (3) Verbal
and Perceptual-Performance 1Q scores. In comparison to mild-to-moderate TBI, severe TBI in infants and
preschoolers produced deficits in all areas. Interactions between task and severity of injury were obtained. Motor
scores were lower than IQ scores, particularly after severe TBI. Both receptive and expressive scores were reduced
following severe TBI. Expressive language scores were lower than receptive language scores for children sustaining
mild-to-moderate TBI. While severe TBI lowered both Verbal and Perceptual— Performance IQ scores, Verbal 1Q
scores were significantly lower than Perceptual-Performance IQ scores after mild-to-moderate TBI. Mild injuries
may produce subtle linguistic changes adversely impacting estimates of Verbal IQ and expressive language. Within
the limited age range evaluated within this study, age at injury was unrelated to test scores: The impact of TBI was
comparable in children ages 4 to 41 montessus42 to 72 months at the time of injury. All neuropsychological

scores improved significantly from baseline to the 6-month follow-up. However, no further change in scores was
observed from 6 to 24 months after the injury. The persistent deficits and lack of catch-up over time suggest a
reduction in the rate of acquisition of new skills after severe TBI. Methodological issues in longitudinal studies of
young children were discussedIS 1997,3, 581-591.)
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INTRODUCTION though children less than 5 years of age have the lowest rate
. S . . of TBI (117:100,000; Klauber et al., 1981), the severity of
T_raun_1_at|c br_aln injury (TBh)is amajor cause of dﬁath andinjury is disproportionately high. Kraus et al. (1990) found
disability during infancy and childhood. Nearly 40% of fa- that 24% of infants and young adults had moderate, severe,

tal_lt_les n ch|Id_ren from 1 to 4 years of age and 700/(_’ (_)f f_a'orfatal brain injuries, a rate that is higher than for other age
talities in all children ages 5 to 19 years are related to injuries

. . . _ranges. This reflects disproportionate injury in young chil-
Apprommately 30% of ".’l”. deathg re_lated to.Ch'ldhOOd 'N" 4ren since the overall incidence of severe injury requiring
jury result from a head injury (Division of Injury Control,

! ; .’ _hospitalization is 5%. Falls, motor vehicle accidents, and
1990). The Centers for Disease Control estimated the INCl3ssault accounted for the majority of injuries in infants and

Qence OfTBI at approximgt_ely 200400’000 children peryeaE)reschool-aged children. The male to female incidence ra-
in the United States (Division of Injury Control, 1990). Al- tio varies from 1.3 to 1.8 males per female injured in the

age ranges of 0 to 7 (Kraus, 1995).

) ) ) o . Within the pediatric age range, studies evaluating neuro-
Reprint requests to: Linda Ewing-Cobbs, Department of Pediatrics, Uni havi | followi TBI h f id ified
versity of Texas—Houston Health Science Center, 6431 Fannin, MSB 3.253,39 avioral outcome ftollowing ave often identitie

Houston, TX 77030. higher rates of mortality and morbidity in infants and pre-
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schoolers than in school-age children and adolescents. Thggiage (Ewing-Cobbs et al., 1989), reading (Shaffer et al.,
Traumatic Coma Data Bank reported a mortality rate of 62%1980), and visual closure scores (Wrightson et al., 1995). In
in children ages birth through 4 years and a mortality rateone study, I1Q scores were markedly lower and showed little
of 20% in children ages 5 to 10 years at 1 year following theincrease over time in preschoolers than older children and
injury (Levin et al., 1992) The less favorable outcomes inadolescents following penetrating brain injury (Ewing-
young children may be related in part to a higher incidenceCobbs et al., 1994).
of inflicted injuries secondary to physical child abuse, acom- Anderson and Moore (1995) compared change over time
mon cause of TBI for children less than 6 years of agein Verbal and Performance 1Q scores in children age 4 to 6
(Ewing-Cobbs et al., 1995). Inflicted injuries are often as-and 7 to 14 who sustained moderate to severe TBI. Analysis
sociated with severe brain injury (Duhaime et al., 1992;of variance did not reveal age differences in Wechsler Ver-
Ewing-Cobbs et al., 1995). Most studies examining differ-bal or Full Scale 1Qs obtained at 4 months or 2 years fol-
ent age groups within the pediatric population have identifowing the injury. These scores were stable over time, with
fied high mortality rates and less favorable neurobehavioraho significant change noted over the 2-year follow-up. Even
outcomes in infants and preschoolers (Jennett et al., 197%ough the Performance IQ score did not vary according to
Raimondi & Hirschauer, 1984; Luerssen et al., 1988;age at injury, a greater increase in the Performance 1Q was
Michaud et al., 1992). noted in the older group relative to the younger group by 2
Evaluations of neuropsychological outcome following pe-years after the injury. Although 1Q scores showed relative
diatric TBI have been focused almost exclusively on schoolstability during the 2-year follow-up, Anderson and Moore
age children and adolescents. Follow-up studies of severd995) inferred that injuries sustained during early child-
TBI in this age range have identified deficits on Perfor- hood were associated with lesser increases in cognitive abil-
mance 1Q, speeded motor, visual attention, verbal memonyty, especially as measured by the Wechsler Performance 1Q,
language, academic, and somatosensory areas (Klonathan in older children and adolescents.
et al., 1977; Levin & Eisenberg, 1979; Chadwick et al., In another longitudinal study, Ewing-Cobbs et al. (1989)
1981b; Winogron et al., 1984; Bawden et al., 1985; Ewing-followed 21 children age 4 months through 5 years of age at
Cobbs et al., 1987; Levin et al., 1988, 1994; Chapmarinjury over a mean follow-up interval of 8 months. Patients
etal., 1992; Jaffe et al., 1993; Kaufmann et al., 1993; Thompwith severe TBI were significantly more impaired than chil-
son et al., 1994; Kinsella et al., 1995; Yeates et al., 1995)dren with mild to moderate injuries on initial assessments
Few studies have examined cognitive and motor sequelagf intelligence, motor functioning, expressive language, and
following TBI in infants and preschool-age children. The receptive language. Although there was significant recov-
few studies that assessed the consequences of TBI for irry in intelligence, motor, and expressive language skills 8
fants andor preschoolers identified lower 1Q scores in in- months after the injury, children with severe injuries con-
fants and young children than in older children (Brink tinued to perform below children with mild to moderate in-
et al., 1970; Lange-Cosack et al., 1979). juries on all of the measures. Comparison of the ability areas
The relationship between age at the time of TBI and subindependent of injury severity indicated that motor scores
sequent cognitive development is unclear. In studies exanwere significantly more impaired than I1Q scores at both time
ining global outcome ratings for cognitive, social, academicpoints. Expressive language was initially reduced relative
and vocational domains, some investigators have noted th&b receptive language; however, performance was compa-
age at injury was not predictive of long-term outcome fol- rable in both areas at the final follow-up. Age-normed scores
lowing severe TBI (Costeff et al., 1990), while others haveon both intelligence and motor tests were comparable across
identified less favorable outcomes in children age 0 to &he age range. However, the youngest children, who were
than in older children (Filley et al., 1987; Kriel et al., 1989). less than 31 months of age at injury, had greater deficits in
Several psychometric studies of outcome failed to find asexpressive and receptive language abilities at the initial as-
sociations between age at injury and either severity of cogsessment compared to older children; the expressive lan-
nitive sequelae, rate of recovery of neuropsychological skillguage difficulty persisted through the follow-up.
(Klonoff et al., 1977; Chadwick et al., 1981a, 1981b), or In a longitudinal study of preschoolers with mild TBI,
behavioral disturbance (Fletcher et al., 1990). In contrastWrightson et al. (1995) failed to find differences between
other studies have found that TBI results in more severe imeontrols and children 2.5 to 4.5 years of age sustaining mild
pairments in language, attention, visual-motor, fine motofTBI on a variety of cognitive tasks soon after the injury.
speed, and tactile recognition in younger than in older chillHowever, 6 and 12 months after injury, the mild TBI group
dren (Ewing-Cobbs et al., 1987; Kaufmann et al., 1993;scored below controls on a visual closure task involving rapid
Thompson et al., 1994). identification of objects embedded in pictures. At age 6.5
Longitudinal studies examining neuropsychological de-years, low scores on the visual closure task were associated
velopment following TBI sustained during the preschoolwith low scores on a reading task in the mild TBI group.
years have suggested that certain skills are more vulnerabléowever, it is unclear whether these findings were a direct
than others to early injury. Early TBI has been related toconsequence of mild TBI. The mild TBI group may have
slower than expected rates of development over time on Pediffered from the control group in terms of developmental
formance 1Q (Anderson & Moore, 1995), expressive lan-factors independent of TBI, such as specific developmental
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learning disabilities or attentional deficits, which are not METHODS
manifested until later in development.

The influence of age at injury on developmental out-Research Participants
comes following early brain injury interacts with a variety
of factors. As noted by St. James-Roberts (1979), the fundNeuropsychological outcome was evaluated prospectively
tional maturation of the damaged substrate, age at injuryn children between the ages of birth and 7 years at injury
age at assessment, testing proceduresl type of brain injurWhO were hOSpitalized at either the Hermann Children’s Hos-
and environmental factors interact to influence outcomepitalin Houston, Texas, or John Sealy Hospital in Galveston,
More recently, researchers have questioned the hypothesl§xas, following either mild-to-moderat&l (= 35) or se-
that recovery is enhanced following early brain injury. In vere TBI (N = 44). Demographic and neurologic informa-
particular, a variety of evidence suggests that generalizeHon for each injury severity group is provided in Table 1.
brain injury may be associated with more severe conseMild-to-moderate TBI produced impaired consciousness, de-
quences for younger children (Levin et al., 1984; Andersorfined as an inability to follow a one stage command, for
et al., 1994; Radcliffe et al., 1994). A number of findings less than 1 day, as indicated by the motor scale of the Glas-
regarding the language and memory sequelae of TBI in indow Coma Scale score (Teasdale & Jennett, 1974). There
fants, school-age children, and adolescents are also consias no documented loss of consciousness or brief loss of
tent with the hypothesis that skills in a rapid stage ofconsciousness in 77% of the mild-to-moderate group. Se-
development at the time of TBI were more adversely af-vere TBI was defined by impaired consciousness persisting
fected than well-established skills (Ewing-Cobbs et al., 1987for at least 1 day. Since the Glasgow Coma Scale score was
1989; Levin et al., 1988). developed for adults, the motor scale was modified to ac-

Deve'opmenta| Consequences of ear'y brain injury mafommodate the behaVioraI Capabilities Of Children from b|rth
include the failure of more complex cognitive abilities to through 35 months of age. Spontaneous movement in in-
deve|op at age_appropriate rates. Assessment abtleef fants age 0 to 6 months and goal'direCtEd movements in
development over time is thus critical to identify develop- children 7 to 35 months were considered comparable to fol-
mental lags, developmental delays, or recovery of functiodowing commands in older children. The lowest postresus-
following a significant brain injury. As described by Fletcher Citation GCS scores ranged from 3 to 8 in 3 children placed
etal. (1987), a developmental analysis of behavior require the mild-to-moderate injury group since their inability to
assessment of the rate, sequence, onset, and degree of §dlow commands persisted for less than 24 hr (rarde3—
velopment of a particular ability. To date, however, there0.75 days). As indicated in Table 1, impaired consciousness
have been few longitudinal studies of children with TBI. Persisted for an average of 0.1 days in the mild-to-moderate
Additional work is needed to clarify relationships betweenTBI group and 8.4 days in the severe TBI group, with a
age atinjury, injury characteristics and severity, type of taskfange from 1 to 35 days. Criteria for exclusion from the study
and the course of recovery from TBI in young children. Avail- Were (1) preinjury neurological or developmental disorder,
able studies are limited in terms of the length of the follow-up(2) non-English speaking, (3) suspected child abuse, (4) pen-
interval, evaluation of age-related change over time, ranggtrating brain injury, and (5) prior or subsequent TBI. Since
of neuropsychological measures employed, inclusion of comI Bl was expected to produce significant sequelae in the
parison groups, careful characterization of injury severityyoungest children due to rapid development of cognitive and
and sample size. motor skills, age at injury was divided into two groups. The

The purpose of the present study was to evaluate acu@&ample was divided using a median split procedure, which
neuropsychological deficits and long-term recovery follow-Yielded younger (0—41 months) and older (42—71 months)
ing TBI sustained during infancy and early childhood. Fourdroups.
major hypotheses were evaluated: (1) severe TBI would be The injury severity groups were comparable in terms of
associated with widespread neuropsychological deficits agde at injury, ethnicity, socioeconomic status as indicated
indicated by reduced scores on measures of intelligence, m&Y the Hollingshead Two Factor Index, and sex. The sam-
tor skills, and language functions; (2) children between thePle was from predominantly middle-to-lower socioeco-
ages of birth and 41 months at injury would show a reducnomic backgrounds, and included major ethnic groups. The
tion in Verbal IQ and expressive language in comparison t&xternal cause of injury varied with injury severity: mild-
children who were 42 through 71 months of age at injury;to-moderate injury was produced most frequently by falls,
(3) the extent of neuropsychological impairment would varyWwhile motor vehicle—pedestrian injuries occurred most of-
across different areas of functioning, with expressive lani€n in the severe TBI group. Consistent with epidemiolog-
guage and motor functions being more impaired and showical studies of TBI in young children, the male to female
ing less recovery over time than composite IQ and receptivéatio was 1.4:1 (Kraus, 1995).
language functions (Ewing-Cobbs et al., 1989); and (4) most
recovery would occur within the first 6 months after injury, Procedure
with no significant change noted from 6 to 24 months on all
outcome measures (Chadwick et al., 1981a; Jaffee et alvritten informed consent to participate in the study was ob-
1993). tained during the initial hospitalization. Assessment proce-
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Table 1. Demographic and neurologic information according to dren were judged to have emerged from posttraumatic

severity of traumatic brain injury

Severity of injury

Mild—moderate Severe
Variable (N = 35) (N = 44)
Age at injury (months)
M 40.1 44.8
SD 21.9 215
Sex )
F 10 22
M 25 22
Socioeconomic status)
Low 7 12
Middle 26 32
High 2 0
Ethnicity (n)
African American 8 13
White 22 25
Hispanic 5 6
Glasgow Coma Scale)™
3-8 3 36
9-12 8 8
13-15 24 0
Glasgow Coma Scalfe
M 13.1 6.0
SD 2.4 2.4
Days of impaired consciousnesy {
0-.09 27 0
.1-0.9 8 0
1.0-6.9 0 24
7.0-35.0 0 20
Duration of impaired consciousness (days)
M 0.1 8.4
SD 0.2 8.2
External cause of injuryn)
MVA 8 12
MVA—pedestrian 6 26
Fall 15 4
Bike 2 0
Sports—Recreational 2 1
Other 2 1
CT scan findings
Normal 7 3
Extraaxial hematoma
Epidural 2 2
Subdural 3 8
Subarachnoid 2 10
Hemorrhagic contusion 3 17
Diffuse 0 6
Skull fracture 21 29

Note *p < .0001. MVA = motor vehicle accident.

amnesia based on Children’s Orientation and Amnesia Test
(Ewing-Cobbs et al., 1990) scores for 3- to 7-year-olds and
upon return to play activities for children age 2 years or
less. The evaluations were repeated at 6, 12, and 24 months
after the injury. Since no standardized assessment measures
extend from infancy through middle childhood, composite
scores were created based on age-appropriate assessment
instruments. Standardized measures of intelligence, motor
functions, and receptive and expressive language were se-
lected. Intellectual ability was assessed using the Bayley
Scales of Infant Development Mental Scale (Bayley, 1969),
Stanford-Binet Intelligence Scale, Form L-M (Terman &
Merrill, 1972), or the McCarthy Scales of Children’s Abil-
ities (McCarthy, 1972). Motor scores were obtained from
the Bayley Scales Physical Development Index or the Mc-
Carthy Scales Motor Scale. Receptive and expressive lan-
guage were assessed using the Sequenced Inventory of
Communication Development—Revised (Hedrick et al.,
1974). In children older than 48 months at the time of as-
sessment, expressive language was estimated using the Mc-
Carthy Verbal Scale, and receptive language was evaluated
using the Peabody Picture Vocabulary Test—Revised (Dunn
& Dunn, 1981). Verbal and Perceptual-Performance 1Q
scores were based on children’s performances on the Mc-
Carthy Scales.

Toincrease comparability across neuropsychological mea-
sures, scores from the McCarthy and Stanford-Binet were
restandardized to yield a mean of 100 and a standard devia-
tion of 15. The Sequenced Inventory of Communication
Development—Revised scores are expressed as receptive and
expressive communication ages. These scores were con-
verted into ratio IQ equivalents, yielding a mean of 100. The
standard deviation may not be directly comparable to the other
measures. The 1Q, motor, and language scores were com-
bined to yield summary variables for statistical analysis. The
composite intelligence variable was composed of standard
scores from the Bayley, Stanford-Binet, or McCarthy tests.
The composite motor score was based on the standard scores
derived from either the Bayley or McCarthy Motor Scales. The
receptive language composite score was based on perfor-
mance on the Sequenced Inventory of Communication
Development—Revised receptive scale or the Peabody Pic-
ture Vocabulary Test—Revised in the older children. Expres-
sive language was estimated using the Sequenced Inventory
of Communication Development Expressive Scale or the Mc-
Carthy Verbal Scale for older children. The composite group-
ings were derived based on face validity. Similar procedures
for creating test composites have been used successfully in
previous studies of TBI in young children (Ewing-Cobbs
etal., 1989). To estimate the influence of the component tests
on the composite 1Q, motor, and language variables, two pro-

dures and significance of the project were described to botbedures were performed. First, the means of each compo-
parents and children. Verbal assent to participate wasent (e.g., Bayley Index, Binet IQ, McCarthy Index) of a

obtained from children 3 to 7 years of age.

composite score were examined collapsing over time of test-

Neuropsychological evaluation was completed at baseing. Second, the correlation for the same test and for differ-
line following resolution of posttraumatic amnesia. Chil- enttests administered at adjacenttime points was calculated.
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Design Table 2. Mean 1Q, motor, and language scores by severity
of injury and time of testing

The design was mixed with age at injury (4-41, 42-71
months) and severity of injuryrfild—moderateseverg serv- Time of testing
ing as between-subject factors and time of testing (baselingygt gomain
6, 12, 24 months) and task as the within-subjects factors.
Using a multivariate approach to repeated measures anal§z0mposite 1Q

sis of variance (ANOVA), 2 (ageX 2 (injury severity)x 4 Mild-moderate

(time) X 2 (task) ANOVAs were completed. Age at injury M 98.7 101.6 102.5 99.2

Baseline 6-month 12-month 24-month

. . . . : SD 16.8 15.8 13.1 131
and the duration of impaired consciousness were examined Severe
as both continuous and dichotomous variables. As the re- —, 81.0 88.4 88.1 89.4
sults of analysis were similar using either approach, age at gp 20.0 18.9 20.4 20.7

injury, and injury severity were used as dichotomous vari-\otor
ables. Performance was compared across three task domainsild—moderate

to identify patterns of neuropsychological performance. Task M 92.0 102.1 99.8 102.9

comparisons included (1) composite i@rsusmotor, (2) SD 19.8 18.2 17.8 19.1

Verbal IQ versusPerceptual-Performance 1Q, and (3) re- Severe

ceptiveversusexpressive language scores. Similar compar- M 68.7 83.9 81.6 80.9
SD 17.5 194 18.3 22.3

isons have been made in other studies (Ewing-Cobbs et al. bal
1989). The fact that each pairing of measures was deriveger alQ

. " A Mild—moderate
f_rom a common te_s_t battery prowded additional justifica- M 92.8 99.8 98.9 97.8
tion for these specific comparisons. sSD 155 14.3 13.4 12.7
Severe
M 81.6 92.6 91.3 94.6
RESULTS SD 15.8 17.2 17.0 19.2
] ] Perceptual-Performance 1Q
Comparison of Performance in Mild—moderate
Neuropsychological Domains M 99.1 105.5 104.9 103.5
SD 13.6 13.0 14.9 16.0
The (1) composite 1Q and motor, (2) Verbal and Perceptual— severe
Performance 1Q, and (3) receptive and expressive language M 81.6 93.7 93.7 93.9
scores were compared to evaluate areas of relative deficit SD 16.2 14.3 16.8 18.7

following TBI. Table 2 contains mean and standard devia-Receptive language
tion values for each dependent variable by severity group at Mild-moderate

each assessment. Table 3 contains the F and p values for 92.8 96.8 96.2 93.3

main effects and interaction effects for the omnibus Sever- Severe 18.2 14.6 15.7 14.6

ity X Age X Task X Time repeated measures ANOVAS. M 80.8 82.0 84.8 80.8
SD 16.0 15.7 18.2 17.5

Composite 1Q and motor scores Expressive language

For the composite 1Q and motor scores, significant main Mild-moderate 82.2 926 89.8 954

effects for injury severity, task, and time were obtained. Chil-  gp 211 211 19.9 18.2

dren with severe TBI scored significantly lower than chil-  ggyere

dren with mild-to-moderate injuries throughout the 2-year M 79.1 85.8 85.4 86.8

follow-up. Motor scores were consistently lower than 1Q SD 16.6 19.5 19.4 23.6

scores at each time interval. Age at injury was not related te
either IQ or motor scores. However, the TitreSeverity X
Task interaction was significant, indicating greater improve-
ment over time following severe injury, particularly for mo- ever, the main effect of age was present only at the baseline
tor scores. This relationship is depicted in Figure 1, whichevaluation F(1,66) = 4.99,p < .03]. The mean perfor-
shows the steeper slope of the recovery curve for motor asiance of older children was lower than younger children
compared to 1Q scores in the severe TBI group from baseen both IQ and motor scores. Significant task effects were
line to 6 months after injury. obtained at the baselin& (1,66) = 21.3,p < .0001], and
Significant two-way interactions were obtained for the 1-year F(1,71) = 5.81,p < .02] follow-up intervals. Mo-
Time X Task, TimeX Age, and Task< Severity effects. To tor scores were lower than composite I1Q scores. The Task
examine the interactions involving time, age and task ef-x Severity interaction was significant only at the 2-year in-
fects were explored at each of the four time points. Age terval [F(1,72) = 14.74,p < .0003]. Motor scores were
Task interactions were not obtained at any time point. Howdower than 1Q scores following severe TBI.
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Table 3. Summary of analysis of repeated measures ANOVAs comparing performance in neuropsychological domains

Neuropsychological domain

Receptive and

VIQ and P-PIQ 1Q and motor expressive language

Effect F (df) p F (df) p F (df) p

Main effects
Severity 8.14 (1,31) .0376 23.41 (1,74) .0001 7.56 (1,75) .0075
Age 0.59 (1,31) AT75 00.53 (1,74) 4669 0.46 (1,75) .5014
Task 2.25 (1,209) .1354 12.54 (1,452) .0004 0.80 (1,477) .3730
Time 2.29 (3,209) .0791 14.01 (3,452) .0001 8.83 (3,477) .0001

Interaction effects
Severity X Age™ 0.00 (1,74) .9579 0.85 (1,75) .3598
Time X Task 0.40 (3,209) .7535 5.62 (3,452) .0009 5.39 (3,477) .0012
Task X Age 0.00 (1,209) .9720 0.22 (1,452) .6368 2.66 (2,477) .1033
Severity X Task 5.18 (1,209) .0238 5.30 (1,452) .0218 5.29 (2,477) .0219
Time X Task X Age 0.40 (3,209) .7558 1.09 (3,452) .3512 2.92 (3,477) .0337
Time X Severity X Task 0.69 (3,209) .5600 2.95 (3,452) .0323 0.21 (3,477) .8885

Note: "Due to the younger children in this analysis, the Sevexithge interaction was not computed for the VIQ and P-PIQ variables.

Verbal 1Q and Perceptual-Performance severity was significant: Scores were lower following severe
IQ scores injury. The Severityx Task interaction effect was significant.
Children with mild-to-moderate TBI had lower Verbal 1Q
The sample size was smallé¥ & 34) for the comparison than Perceptual-Performance |Q scoregl[75) = 7.48,
of the Verbal and Perceptual-Performance 1Q scores tham < .008]. In contrast, children with severe TBI performed
for the other dependent variables, since younger childremomparably on both the Verbal and Perceptual-Performance
received Bayley and Stanford-Binet tests, which yield alQ scores. As seen in Figure 2, the Verbal 1Q scores were
single composite 1Q score and could not be included in théower than Perceptual-Performance 1Q scores in both
analysis. As indicated in Table 3, the main effect for injury groups.

W Verbal IQ
B Composite IQ
O Perceptual-Performance 1Q
O Motor --- Mild-Moderate TBI
110 - --- Mild-Moderate TBI 110 s - OT;:"
—— Severe TBI  Severe
105 - 105 -
I - EEE S Wi -0
1007 g7 T - @ 100
g s - ;
a a] N 95 7
8 90 o
G ]
g 85 B 90
©
o S S
n
£ 801 851
(/2]
75 1 80 -
70
75 T T T T
65 T T T T B 6 12 24
B 6 12 24

Months After Injury

Months After Injury
Fig. 2. Severe TBI reduced both Verbal and Perceptual—

Fig. 1. Both IQ and motor scores were reduced by severe TBIPerformance IQ scores. Verbal IQ scores were significantly lower
throughout the 24-month follow-up. Motor scores were signifi- than Perceptual-Performance |Q scores following mild-to-moderate

cantly lower than composite 1Q scores. TBI.
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The main effect for time was not significant. This may be Time of Testing
due to more McCarthy scores being obtained at follow-up
intervals after the initial recovery has occurred. The SeverScores increased significantly over the follow-up period in
ity X Age interaction was not computed because there werlQ, motor, and language areas. To evaluate the extent of

few children in the younger group.

Receptive and expressive language

Analysis of receptive and expressive language composit
scores yielded significant main effects for injury severity
and time of testing (see Table 3). In comparison to mild-to-

change in composite scores over the follow-up period,
planned comparisons were performed. Performance at base-
line was contrasted with the average of scores obtained at 6,
12, and 24 months, to identify initial improvement consis-
tent with recovery of function. The baseline composite 1Q
and motor F(1,477)= 33.77,p < .0001], Verbal and
Perceptual-Performance 1Q scorE¢1,226)= 34.87,p <

moderate TBI, severe TBI was associated with a significant?001], and language composite scorfegl{489)= 20.56,

reduction on both receptive and expressive language con®
posite scores. A significant Time Task X Age interaction

<.0001], differed significantly from the average follow-up
scores. To assess further change over the follow-up period,

suggested differential change in composite language scor&§0'€s were compared at 6, 12, and 24 months. However,

according to age at injury and time of testing. To examin

gho significant change in scores from 6 to 24 months was

this interaction, task and age were evaluated at each tim@Pt@ined for the 1Q and motoF{2,477)= 0.01,p > .10],

interval. Neither main effects for age nor AgeTask inter-

action effects were obtained at any evaluation. However th€ -

task main effect was significant at the baselif€g9) =
6.25,p < .01] and 2-yeari(1,75) = 4.39,p < .04] in-
tervals. Expressive scores were lower at baseline whil

T\/Iethodological Issues

Verbal and Perceptual-Performance KJ3,226)= 0.04,
.10], or receptive and expressive languagé[489)=
0.90,p > .10] composite scores.

receptive scores were lower at the 2-year follow-up.

The Taskx Severity interaction was significant. Chil- None of the measures used in this longitudinal study en-
dren with mild-to-moderate TBI scored lower on expres-compassed the entire age range, necessitating the use of

sive than receptive scores([1,477)= 5.29,p < .02], while

composite scores for 1Q, motor, and language variables.

children with severe TBI had comparable expressive anéherefore, significant task effects could reflect either spe-

receptive scores.

cific findings related to specific tests or to broader con-
structs underlying the individual tests employed. To examine
the continuity over time within the composite scores, the
mean values of each score within the composite score were
compared. Component scores differed significantly on the
composite 1Q scoreH(2,76) = 3.14,p < .05]. The mean

110 - B Receptive Language
O Expressive Language Bayley score (98.7) was higher than the mean Stanford-
105 4 -~ Mild-Moderate TBI Binet (92.8) or McCarthy (91.7) scores. The component
—_ severe TBI scores for other composite scores did not differ from each
other.
2 100 + An alternative method for examining the stability of the
) e .. ..o composite scores is to evaluate the correlation of scores be-
8 95 - o.. “‘::;;,.:_;:_’_ tween adjacent time point using either the same or different
B w [RREEE - . tests. As seenin Table 4, the Pearson correlation coefficients
S 90 o’ ranged from.707to.823forthe sametestadministered on con-
s secutive occasions, indicating strong test—retest values. The
n 85 coefficients were much more variable when different tests
80
Table 4. Correlation between the same or different tests
75 L~ . . . administered at adjacent time points
B 6 12 24 Adjacent test
Months After Injury Composite score Same Different
Fig. 3. Both receptive and expressive language functions were sigrQ 823 805
nificantly lower in children with severe TBI than in children sus- Motor 707 631
taining mild-to-moderate TBI. The expressive language score waReceptive 773 688
significantly lower than the receptive language score following Expressive 776 341

mild-to-moderate TBI.
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were administered. Moderate to strong coefficients were obthe identification of linguistic sequelae in young children
tained for different 1Q, motor, and receptive language meafollowing mild, moderate, and severe TBI needs additional
sures given at adjacent time points. The components of thmvestigation. Analysis of performance on structured psy-
expressive composite score were weakly related to each oth@hometric tests, language samples, and discourse tasks in
suggesting thatthe construct of expressive language was maehildren injured at different developmental stages is needed.

heterogeneous than other constructs. All studies reporting lower Performance IQ than Verbal
IQ scores following pediatric TBI have used the Wechsler
DISCUSSION scales. As noted by Donders (1993), factor analysis of Wech-

sler 1Q scores following head injury in children disclosed

In comparison to young children sustaining mild-to-moderatefour different patterns of scores; only one of the four pat-
TBI, severe TBI in infants and preschoolers was associateterns contained a specific Performance IQ deficit relative to
with deficits on 1Q, motor, and language measures. Analythe Verbal 1Q. In the present study, the Verbal and Perceptual—
ses failed to reveal main effects for age in the omnibus testBerformance 1Q scores were obtained from the McCarthy
of the 1Q, motor, and language scores. Tests of the Age @ cales of Children’s Abilities. The content of the McCarthy
Injury X Severity of Injury interaction effects were also non- Perceptual-Performance scale differs from the Wechsler Per-
significant, suggesting that the influence of severe TBl waformance Scale in that it contains subtests evaluating the
comparable in the younger and older groups. Although sigdevelopment of early concepts of size, shape, color, and se-
nificant improvement in scores was noted from baseline taiation for which there is no parallel on the Wechsler Scales.
the 6-month follow-up, no significant change in scores wasAlthough the McCarthy has two subtests involving visual—
identified from 6 to 24 months after the injury. These re-motor skills (Draw-A-Design and Draw-A-Person), these
sults parallel the global and persistent decrement in neurcsubtests do not have a speeded motor component. There-
psychological functioning described following penetratingfore, the different response requirements of the McCarthy
brain injury in preschoolers (Ewing-Cobbs et al., 1994). Mo-versus Wechsler Scales likely influenced the recovery curves
tor scores were the most adversely affected by severe TBbbtained. The McCarthy Verbal Scale contains subtests as-
At the 2-year follow-up, the mean motor scores remainedsessing fluency, repetition, and verbal memory abilities in
22 points lower in the severe injury group than in the mild—addition to more traditional vocabulary and reasoning abil-
moderate injury group. Standard score differentials beities. The verbal fluency and memory items may be partic-
tween severity groups varied from 9 to 12 points for otherularly sensitive to both mild-to-moderate and severe TBI.
areas tested. The lack of an uninjured control group limits The use of composite scores to assess long-term outcome
characterization of the consequences of TBI, and limits thes problematic. Of the four composite scores employed, com-
detection of group differences, especially in children withponent scores were significantly different on the 1Q vari-
mild and moderate TBI. able. The test—retest correlation coefficients suggested good

Comparison of performance in different neuropsycholog+o adequate consistently across time intervals for the 1Q,
ical domains indicated specific area of weakness followingmotor, and receptive language composite scores. Both the
severe TBI. Severityk Task interactions were obtained in same test as well as different component tests administered
all three domains evaluated. Motor scores were lower thaat adjacent time intervals showed adequate reliability. How-
IQ scores, particularly in the children with severe injuries.ever, the components of the expressive composite variable
Severe TBI produced comparable reduction in both Verbalere heterogeneous. Stronger correlations may have been
and Perceptual-Performance IQ scores. In contrast, Verbabtained if specific expressive language measures had been
IQ scores were significantly lower than Perceptual-Perused for the children older than 4 years of age. Alternately,
formance 1Q scores after mild-to-moderate TBI. Both re-using only the McCarthy subtests that assess fluency, rep-
ceptive and expressive language composite scores wesdition, and naming may have provided a better estimate of
adversely affected by severe TBI. Expressive language scorexpressive language than the McCarthy Verbal 1Q score. To
were lower than receptive scores for children sustaining mildestimate the effect of changing tests, administering the over-
to-moderate TBI. lapping tests (e.g., Bayley and Binet) at a given age would

The finding that Verbal IQ and expressive language com-also clarify differences in scores that are attributable to task
posite scores were lower than Perceptual-Performance IQifferencesversusdevelopmental change in performance.
and receptive language scores in the mild-to-moderate inAdvances in 1Q, motor, and language assessment during the
jury group suggests vulnerability of language to the effectpast decade will enhance the characterization of neuropsy-
of early brain injury. Mild-to-moderate TBI may produce chological functions following TBI in young children.
subtle linguistic changes adversely impacting measures of Given the reduced performance in all areas following se-
Verbal IQ and language. Without a noninjured comparisorvere TBI, it appears that severe brain injury produced wide-
group, this question cannot be directly addressed by thepread and persistent reduction in the neuropsychological
present data. However, the present findings are consisteareas evaluated. The scores of the severe TBI group did not
with those of Chapman (1995) and Wrightson et al. (1995atch up to scores of the mild-to-moderate group. The fail-
in suggesting vulnerability of children sustaining TBI dur- ure of the severe injury group to catch up may reflect a re-
ing the preschool years to later linguistic deficits. Clearly,duction in the rate of development of neuropsychological
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abilities. Although the severely injured children continue tothan is the case for populations such as premature infants or
develop, they may acquire new skills more slowly than ei-children with infantile hemiplegia. The latter populations
ther mildly injured children or children with a comparable sustain brain insult at a specific stage of development and
level of intellectual functioning prior to TBI. Thus, over the can therefore be followed more systematically with all chil-
2-year follow-up interval, the developmental characteris-dren in a given sample potentially eligible for the same test
tics of neuropsychological change support a model showbattery at a given point in follow-up. If children with ac-
ing initial deficit, variable recovery, and a stable persistentquired injuries are matched for age at testing, the injury test
deficit over time consistent with a deficit model. There is interval will differ significantly across groups. Time since
no evidence from this or other longitudinal data of severenjury is clearly a crucial variable following TBI, since
TBI in either young children, school aged children, or ad-change is most evident during the first 6 months after in-
olescents that would suggest continued gains over time. Anajury. In studies of children with perinatal injuries, the time
ysis of longitudinal data using growth curve analysis mayspan between injury and testing correlated significantly with
clarify issues regarding the rate and sequence of develop® scores declining over time (Banich et al., 1990). While
ment after early brain injury. this relationship has not been shown in children with ac-
Determination of the quality of neuropsychological out- quired injuries sustained after the perinatal period, very long-
come following TBI in infants and preschoolers is compli- term follow-ups will be required to address issues related to
cated by the difficulty assessing the severity of TBI in thisthe ultimate impact of early brain injury on development.
age range. Particularly for infants, there is no universallyLong-term follow-up should ideally encompass 10 to 20
accepted means of assessing injury severity. As noted byears, so that the impact of early brain injury on later de-
Ewing-Cobbs et al. (1995), the most common means of asveloping abilities, such as executive functions, can be eval-
sessing injury severity in infants involves different modifi- uated (Eslinger & Damasio, 1985).
cations of the Glasgow Coma Scale score (Teasdale &
Jennett, 1974) to accommodate the behavioral capabilities
of infants. However, severe TBI during infancy may or may ACKNOWLEDGMENTS
not be associated with significant alteration in conscious-
ness. Although the duration and depth of impaired consciougZreparation of this manuscript was supported in part by National
ness have shown strong relationships with other measurd@stitute of Neurological Disorders and Stroke Grant 29462,
of injury severity and outcome in older populations, the ad_AcudentaI and Nonaccidental Pediatric Brain Injury, to Dr. Ewing-

fthe G C Scale f hild h Cobbs and Grant 21889, Outcome of Pediatric Head Injury, to Dr.
equacy of the Llasgow Loma Scale for young children a§-|arvey Levin, and by National Institute of Child Health and Human

not been established (Lieh-lai et al., 1992). For examplepeyejopment Grant 27597, Neuropsychological Sequelae of

one of the most severely disabled infants in the present sanpediatric Head Injury, to Dr. Jack Fletcher. We acknowledge the

ple had a lowest modified Glasgow Coma Scale score of 14ssistance provided by the University Clinical Research Center

(indicating a mild TBI) despite the presence of hemipare-at Hermann Hospital and the support of National Institutes of

sis, computed tomographic scan abnormalities indicating inHealth Grant Number M01-RR-02558. The assistance of Nancy

volvement of both hemispheres, and neuropsychologicafrouch and Jeri Barton in manuscript preparation is gratefully

scores uniformly in the deficient range. In a recent study oficknowledged.

different methods of assessing injury severity, the duration

of impaired consciousness accounted for significantly more

variability in a broad range of neuropsychological domainsREFERENCES

ther e lowest Glasgow Coma Seale score or a composf&TIeTSon V. & Moore, C. (1995). Age at injury asa pecicor o
.. . outcome following pediatric head injury: A longitudinal per-

measure of injury severity based on the Glasgow Coma Scale spective Child Neuropsychologyl, 187—202.

score, duration of impaired consciousness, and the prégygerson, V., Smibert, E., Ekert, H., & Godber, T. (1994). Intel-
ence of positive findings on computed tomographic scans |ectual, educational, and behavioral sequelae after cranial ir-
(Ewing-Cobbs et al., 1996). While the duration of impaired  radiation and chemotherapytchives of Disease in Childhopd
consciousness may be the best measure of injury severity 70, 476-483.
across the whole pediatric age range, different indices neeianich, M.T., Levine, S.C., Kim, H., & Huttenlocher, P. (1990).
to be developed for application to infants. CT or MRI find- ~ The effects of developmental factors on IQ in hemiplegic chil-
ings may be most accurate in characterizing the severity of dren.Neuropsychologia28, 35-47.
injury in infants. Bawden, H.N., Knlghts_, R.M., &_\N_lnog_ron, _H. W. (1985). Spgeded
Longitudinal follow-up of infants and preschoolersis com- ~ Performance following head injury in childregournal of Clin-

plicated by several factors. First, there are no measures @‘ ical and Experimental Neuropsycholagy 39-54.

o ' ayley, N. (1969)Manual for the Bayley Scales of Infant Devel-
IQ, language, or motor S_k'”S that e_ncompass ,the_age range opment New York: The Psychological Corporation.
from O to 7. Therefore, differences in the specific items adgyink 3.p., Garrett, A.L., Hale, W.R., Woo-Sam, J., & Nickel, V.L.
ministered and in standardization samples may obscure age- (1970). Recovery of motor and intellectual function in children
related changes. Moreover, since children acquire injuries sustaining severe head injuriedevelopmental Medicine and
at different ages, there is more variability in outcome data Child Neurology 12, 565-571.

https://doi.org/10.1017/5135561779700581X Published online by Cambridge University Press


https://doi.org/10.1017/S135561779700581X

590 L. Ewing-Cobbs et al.

Chadwick, O., Rutter, M., Brown, G., Shaffer, D., & Traub, M. berg, H.M. (1990). Behavioral changes after closed head in-
(1981a). A prospective study of children with head injuries: Il.  jury in children.Journal of Consulting and Clinical Psychology
Cognitive sequelaéPsychological Medicingll, 49—-61. 57, 1-13.

Chadwick, O., Rutter, M., Shaffer, D., & Shrout, P.E. (1981b). A Fletcher, J.M., Levin, H.S., Lachar, D., Kusnerik, L., Harward, H.,
prospective study of children with head injuries: IV. Specific ~ Mendelsohn, D., & Lilly, M. (1996). Behavioral outcome after

cognitive deficitsJournal of Clinical Neuropsycholog@, 101— pediatric head injury: Relationships with age, severity, and le-
120. sion size Journal of Child Neurologyl11, 283-290.

Chapman, S.B. (1995). Discourse as an outcome measure. In S.Hletcher, J.M., Miner, M.E., & Ewing-Cobbs, L. (1987). Age and
Broman & M.E. Michel (Eds.)Traumatic head injury in chil- recovery from head injury in children: Developmental issues.
dren(pp. 95-116). New York: Oxford University Press. In H.S. Levin, H.M. Eisenberg, & J. Grafman, (EdS\euro-

Chapman, S.B., Culhane, K.A., Levin, H.S., Harward, H., Men-  behavioral recovery from head injufpp. 279-292). New York:
delsohn, D., Ewing-Cobbs, L., Fletcher, JM., & Bruce, D.  Oxford University Press.
(1992). Narrative discourse after closed head injury in childrenHedrick, D.L., Prather, E.M., & Tobin, A.R. (1974%equenced
and adolescent&rain and Language43, 42—65. Inventory of Communication Development Examiners manual.
Costeff, H., Groswasser, Z., & Goldstein, R. (1990). Long term  Seattle, WA: University of Washington Press.
follow-up review of 31 children with severe closed head trauma.Jaffe, K.M., Fay, G.C., Polissar, N.L., Martin, K.M., Shurtleff, H.,
Journal of Neurosurgery73, 684—687. Rivara, J.B., & Winn, H.R. (1993). Severity of pediatric trau-
Division of Injury Control, Center for Environmental Health and matic brain injury and neurobehavioral recovery at one year—A
Injury Control, Centers for Disease Control. (1990). Child-  cohort study.Archives of Physical Medicine and Rehabilita-

hood injuries in the United StateAmerican Journal of Dis- tion, 74, 587-595.

eases of Childrenl44, 627—-646. Jennett, B., Teasdale, G., Braakman, R., Minderhound, J., Heiden,
Donders, J. (1993). WISC-R subtest patterns in children with trau-  J., & Kurze, T. (1979). Prognosis of patients with severe head

matic brain injury.Clinical Neuropsychologist7, 430—442. injury. Neurosurgery4, 283-289.

Duhaime, A.C., Alaris, A.J., Lander, W.J., Schut, L., Sutton, L.N., Kaufmann, P.M., Fletcher, JM., Levin, H.S., Miner, M.E., & Ewing-
Seidl, T.S., Nudelman, S., Budenz, D., Hertle, R., & Tsiaras, Cobbs, L. (1993). Attentional disturbance after pediatric closed
W. (1992). Head injury in very young children: Mechanisms,  head injury.Journal of Child Neurology8, 348-353.
injury types, and ophthalmologic findings in 100 hospitalized Kinsella, G., Prior, M., Sawyer, M., Murtagh, D., Eisenmajer, R.,

patients younger than 2 years of agediatrics 90, 179-185. Anderson, V., Bryan, D., & Klug, G. (1995). Neuropsycholog-
Dunn, L.M. & Dunn, L.M. (1981).Peabody Picture Vocabulary ical deficit and academic performance in children and adoles-
Test—Revised: Manual for forms L and ircle Pines, MN: cents following traumatic brain injurydournal of Pediatric
American Guidance Service. Psychology?20, 753-768.
Eslinger, P. & Damasio, A. (1985). Severe disturbance of higheKlauber, M.R., Barrett-Connor, E., Marshall, L.F., & Bowers, S.A.
cognition after bilateral frontal lobe ablation: Patient E.\INRu- (1981). The epidemiology of head injury: A prospective study
rology, 35, 1731-1741. of an entire community—San Diego County, California, 1978.

Ewing-Cobbs, L., Duhaime, A.C., & Fletcher, JM. (1995). In-  American Journal of Epidemiologg13 500-509.
flicted and noninflicted traumatic brain injury in infants and Klonoff, H., Low, M.D., & Clark, C. (1977). Head injuries in chil-
preschoolersJournal of Head Trauma Rehabilitatiori0, dren: A prospective five year follow-ugournal of Neurology,
13-24. Neurosurgery, and Psychiatr40, 1211-1219.

Ewing-Cobbs, L., Fletcher, J.M., Levin, H.S., Hastings, P. & Fran-Kraus, J.F. (1995). Epidemiological features of brain injury in chil-
cis, D. (1996). Assessment of injury severity following closed  dren: Occurrence, children at risk, causes and manner of in-
head injury in children: Methodological issueurnal of the jury, severity, and outcomes. In S.H. Broman & M.E. Michel
International Neuropsychological Socie®; 39 [Abstract]. (Eds.), Traumatic head injury in childrerfpp. 22—39). New

Ewing-Cobbs, L., Levin, H.S., Eisenberg, H.M., & Fletcher, JM.  York: Oxford University Press.

(1987). Language functions following closed head injury in chil- Kraus, J.F., Rock, A., & Hemyari, P. (1990). Brain injuries among
dren and adolescentdournal of Clinical and Experimental infants, children, adolescents, and young adaltserican Jour-
Neuropsychologyd, 575-592. nal of Diseases of Childhopd44, 684—691.

Ewing-Cobbs, L., Levin, H.S., Fletcher, .M., Miner, M.E., & Eisen- Kriel, R.L., Krach, L.E., & Panser, L.A. (1989). Closed head in-
berg, H.M. (1990). The Children’s Orientation and Amnesia jury: Comparison of children younger and older than six years
Test: Relationship to severity of acute head injury and to re- of age.Pediatric Neurology5, 296—300.
covery of memoryNeurosurgery27, 683—691. Lange-Cosack, H., Wider, B., Schlesner, H.J., Grumme, T., & Ku-

Ewing-Cobbs, L., Miner, M.E., Fletcher, J.M., & Levin, H.S. (1989). bicki, S. (1979) Prognosis of brain injuries in young children
Intellectual, motor, and language sequelae following closed head (one until five years of ageNeuropaediatrie10, 105-127.
injury in infants and preschoolerdournal of Pediatric Psy- Levin, H.S., Aldrich, E.F., Saydjari, C., Eisenberg, H.M., Foulkes,
chology 14, 531-547. M.A., Bellefleur, M., Luerssen, T.G., Jane, J.A., Marmarou, A.,

Ewing-Cobbs, L., Thompson, N.M., Miner, M.E., & Fletcher, J.M. Marshall, L.F., & Young, H.F. (1992). Severe head injury in
(1994). Gunshot wounds to the brain in children and adoles- children: Experience of the Traumatic Coma Data Baguro-
cents: Age and neurobehavioral developm&gurosurgery surgery 31, 435—-444.

35, 225-233. Levin, H.S. & Eisenberg, H.M. (1979). Neuropsychological im-

Filley, C.M., Cranberg, L.D., Alexander, M.P., & Hart, E.J. (1987). pairment after closed head injury in children and adolescents.
Neurobehavioral outcome after closed head injury in child-  Journal of Pediatric Psychology, 389-402.
hood and adolescencarchives of Neurology44, 194-198. Levin, H.S., Ewing-Cobbs, L., & Benton, A.L. (1984). Age and

Fletcher, J.M., Ewing-Cobbs, L., Miner, M.E., Levin, H.S., & Eisen-  recovery from brain damage: A review of clinical studies. In

https://doi.org/10.1017/5135561779700581X Published online by Cambridge University Press


https://doi.org/10.1017/S135561779700581X

Outcome in young children with TBI 591

S.W. Scheff (Ed.)Aging and recovery of function of the cen- Raimondi, A.J. & Hirschauer, J. (1984). Head injury in the infant

tral nervous syster(pp. 233-240). New York: Plenum Press. and toddler: Coma scoring and outcome scéleild’s Brain,
Levin, H.S., High, W.M., Ewing-Cobbs, L., Fletcher, J.M., Eisen- 11, 12-35.

berg, H.M., Miner, M.E., & Goldstein, F.C. (1988). Memory St.James-Roberts, |. (1979). Neurological plasticity, recovery from

functioning during the first year after closed head injury in chil-  brain insult, and child development. In H.W. Reese & L.P. Lip-

dren and adolescentseurosurgery22, 1043-1052. sett (Eds.)Advances in child development and behayidol.
Levin, H.S., Mendelsohn, D., Lilly, M.A., Fletcher, J.M., Culhane, 14, pp. 253-319). New York: Academic Press.

K.A., Chapman, S.B., Harward, H., Kusnerik, L., Derek, B., & Shaffer, D., Bijur, P., Chadwick, O., & Rutter, M. (1980). Head

Eisenberg, H.M. (1994). Tower of London performance in re-  injury and later reading disabilityournal of the American Acad-

lation to magnetic resonance imaging following closed head emy of Child Psychiatryl9, 592—-610.

injury in children.Neuropsychologyg, 171-179. Teasdale, G. & Jennett, B. (1974). Assessment of coma and im-
Lieh-lai, M.W., Theodorou, A.A., Sarnaik, A.P., Meat, K.L., Moy- paired consciousness: Apractical scabncet2(7872) 81-84.

lan, P.M., & Canady, A.l. (1992). Limitations of the Glasgow Terman, L.M. & Merrill, M.A. (1972).Stanford-Binet Intelligence

Coma Scale in predicting outcome in children with traumatic ~ Scale. Manual for the Third RevisioBoston: Houghton-Mifflin.

brain injury.Journal of Pediatrics120, 195-199. Thompson, N.M., Francis, D.F., Steubing, K.K., Fletcher, JM.,
Luerssen, T.G., Klauber, N.R., & Marshall, L.F. (1988). Outcome  Ewing-Cobbs, L., Miner, M.E., Levin, H.S., & Eisenberg, H.M.

from head injury related to patient’'s age: A longitudinal pro-  (1994). Motor, visual-spatial, and somatosensory skills after

spective study of adult and pediatric head injutgurnal of closed head injury in children and adolescents: A study of
Neurosurgery68, 409—-416. changeNeuropsychologys, 333—-342.

McCarthy, D. (1972)McCarthy Scales of Children’s Abilitieslew Winogron, H.W., Knights, R.M., & Bawden, H.N. (1984). Neuro-
York: The Psychological Corporation. psychological deficits following head injury in childredour-

Michaud, L.J., Rivara, F.P., Grady, M.S., & Reay, D.T. (1992). Pre-  nal of Clinical Neuropsychology, 269-286.
dictors of survival and severity of disability after severe brain Wrightson, P., McGinn, V., & Gronwall, D. (1995). Mild head in-

injury in children.Neurosurgery31, 254-264. jury in preschool children: Evidence that it can be associated
Nass, R. & Peterson, H.D. (1989). Differential effects of congen-  with a persisting cognitive defectournal of Neurology, Neuro-

ital left and right brain injury on intelligencdrain and Cog- surgery, and Psychiatrb9, 375-380.

nition, 9, 258—-266. Yeates, K.O., Blumenstein, E., Patterson, C.M., & Delis, D.C.
Radcliffe, J., Bunin, G.R., Sutton, L.N., Goldwein, JW., & Phil- (1995). Verbal learning and memory following pediatric closed-

lips, P.C. (1994). Cognitive deficits in long-term survivors of  head injury.Journal of the International Neuropsychological
childhood medulloblastoma and other noncortical tumors: Age  Society 1, 78-87.

dependent effects of whole brain radiatiémternational Jour-

nal of Developmental Neurosciende?, 327—334.

https://doi.org/10.1017/5135561779700581X Published online by Cambridge University Press


https://doi.org/10.1017/S135561779700581X

