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ABSTRACT

OBJECTIVES. To examine the stability of functional outcomes 2 years after injury
among children who sustained a traumatic brain injury (TBI) before 2 years of age
and to examine the characteristics of the families caring for these children.

METHODS.All North Carolina-resident children who were hospitalized between Jan-
uary 2000 and December 2001 in any of the state’s 9 PICUs and survived a TBI that
occurred on or before their second birthday were eligible to participate in the
prospective cohort study. Child health status, use of ancillary medical resources,
and family characteristics were assessed through maternal caregiver interviews �2
years after injury. Comparisons were made among injury types (inflicted versus
noninflicted).

RESULTS. There were 112 children who survived a TBI during the 2-year study
period. Fifty-seven (79%) of the 72 maternal caregivers who had completed an
interview 1 year after the child’s injury participated in the year 2 interview. Most
children (67%) had an outcome of mild disability or better at year 2, with 45%
functioning at an age-appropriate level. Children’s outcomes did not differ signif-
icantly at year 2 according to the mechanism of injury. The majority (67%) of
children retained their Pediatric Overall Performance Category scores from year 1
to year 2. Children who changed were as likely to show improvement as deteri-
oration. Children differed very little across time, as measured with the Stein-
Jessup Functional Status II (Revised) scale. Families tended to have multiple
environmental factors that could put their children at risk for poor developmental
outcomes, including living below the poverty level (22%) and low social capital
(39%).

CONCLUSIONS. The children in this cohort had relatively stable functional outcomes
from year 1 to year 2 after injury. This population of children remains very
vulnerable to poor developmental outcomes secondary to the effects of their TBI
and environmental factors.
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THE PERIOD FROM infancy to the toddler stage is a time
of rapid social, cognitive, and behavioral develop-

ment. As a result, parents of young children look for-
ward to watching the developmental stages of their in-
fants as they become toddlers. Children who sustain a
traumatic brain injury (TBI) may not follow the normal
developmental trajectory, although they may make de-
velopmental gains.1 How children develop over time
after early brain injury is not well studied, although it is
thought that rapid gains in development plateau 6
months after injury.2

We monitored, for 2 years after the injury event, a
cohort of children who sustained either inflicted or non-
inflicted TBI. In this report, we examine the functional
outcomes of children at 2 years after discharge from the
hospital and assess any changes in the children’s func-
tional outcomes from 1 to 2 years after discharge from
the hospital. We hypothesized that deficits might be-
come more apparent to maternal caregivers at 2 years
after injury than at 1 year after injury if children failed to
follow a normal developmental trajectory. We charac-
terized the ongoing need for services that children dem-
onstrated between the first and second years after hos-
pital discharge, as well as family characteristics that
might affect the meeting of those needs.

METHODS

Study Cohort and Follow-up Monitoring
This study was reviewed and approved by the institu-
tional review boards at the University of North Carolina
at Chapel Hill and the University of Utah. All North
Carolina-resident children �2 years of age who were
injured between January 2000 and December 2001, suf-
fered a TBI severe enough to require hospitalization in
an ICU, and had pathologic or radiographic evidence of
a brain injury were eligible for inclusion in the study.
This study population has been described previously.3

Briefly, each ICU was called 3 times per week by study
personnel, who inquired whether any child meeting the
study criteria had been admitted to the unit. In addition,
a medical records review was performed every 6
months, to ensure that no qualifying patient was missed.
The 3 closest out-of-state hospitals also performed record
reviews, to ensure that no North Carolina resident in-
jured in North Carolina had been transported to an
out-of-state hospital. The maternal caregiver (either the
biological or foster mother) or the Department of Social
Services worker for each surviving child was asked for
permission to enroll the child in a follow-up study of
child health outcomes. Postcards were sent quarterly to
all enrolled families, to track families who moved and to
provide them with a toll-free telephone number with
which they could contact the investigators with their
changed address and telephone number. Maternal care-
givers were interviewed 1 and 2 years after their child’s

hospital discharge. Year 1 and 2 interviews included
information on the child’s functional status, use of an-
cillary medical resources, and family characteristics. In
addition, year 2 interviews included direct questions
about the family’s socioeconomic status. Each interview
lasted �45 minutes.

Children’s Outcomes
Children’s outcomes were assessed with 3 separate in-
struments. The first was the Pediatric Overall Perfor-
mance Category (POPC) scale, which was used at hos-
pital discharge, posttrauma year 1, and posttrauma year
2. This scale is a composite measure of functional mor-
bidity and cognitive outcome.4 The POPC scale has been
related significantly to the Bayley Psychomotor Devel-
opment Index and the Vineland Adaptive Behavior
Scales.5 Children’s outcomes are ranked from 1 to 6. A
score of 1 indicates that the child is healthy, alert, and
capable of age-appropriate activities. A score of 6 indi-
cates death. Because of the difficulty in detecting mild
delays among very young children, for some analyses we
categorized the POPC results into good and poor out-
comes. Children were considered to have good outcomes
if they scored 1 or 2 on the POPC scale, consistent with
mild disability at most. Children were considered to have
poor outcomes if they scored 3 or 4 on the POPC scale,
consistent with moderate to severe disability. There were
no survivors in a vegetative state (POPC score of 5). The
POPC score was obtained through direct questions about
the child’s ability to perform age-appropriate activities,
use of rehabilitative services, and physical disabilities.

The second outcome measure used was the short-
form (14-item) Stein-Jessup Functional Status II (Re-
vised) [FSII(R)] scale.6 This scale is designed to measure
the health status of children who have ongoing health
conditions. It measures behavioral inventories associated
with the child’s condition that interfere with the child’s
age-appropriate activities. This scale was compared pre-
viously with population normative values for ages 1
through 17 years. The short form has validity equal to
that of the long form. Among well children, the mean
score is 96.1 � 8.2; among children who are ill, the mean
score is 86.8 � 15.7.6

The third measure was the Global Health Index.7 This
measure is used to assess the respondent’s perception of
5 areas of their child’s development, including the child’s
general health, physical well-being, role functioning,
psychological distress, and social functioning. Each area
is measured with a 4-point Likert scale, with higher
numbers indicating better performance.

Family Characteristics
Family characteristics, including whether the child was
in the home of origin, the age, educational status, and
marital status of the maternal caregiver, and whether
the maternal caregiver was employed, were assessed.
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Data on paternal caregivers’ educational status and em-
ployment status were collected during the maternal in-
terview. A paternal caregiver was defined as a male
partner identified by the mother, regardless of marital
status. The maternal caregiver’s social capital was also
assessed. Social capital is a measure of a person’s social
relationships in his or her community and family.8 The
social capital index used for this study was composed of
questions about maternal social support, neighborhood
support, church attendance, the number of children in
the home, and whether the maternal caregiver had a
partner. This instrument was used previously in a set of
longitudinal studies of preschool-aged children at high
risk for poor developmental outcomes because of ad-
verse social or economic conditions. The social capital
index was associated strongly with the child’s well-be-
ing; scores of �4 were associated with children faring
well, and scores of �4 were associated with children
faring poorly.9

In addition, in the year 2 interviews, information was
collected on the families’ socioeconomic status with the
Hollingshead 4-Factor Index of Social Status.10 The Holl-
ingshead Index has a range from 8 to 66, with higher
numbers indicating higher social status. Social status is
determined by factors such as gender, marital status,
education, and occupation. Each family’s financial cap-
ital was assessed through direct questions about all
sources of the family’s pretax income. The maternal
caregiver was asked in which income bracket (in $5000
increments up to $50 000) her family resided. Family
income was compared with the North Carolina poverty
level for the year 2000.11 This information was not col-
lected in the year 1 interviews.

Statistical Analyses
Child and family characteristics were examined with
frequencies and percentages. Comparisons were made
between children and families with inflicted versus non-
inflicted injuries with �2 analysis. Means with SDs were
calculated for normally distributed data, and medians
with interquartile ranges (IQRs) were calculated for
nonnormally distributed data. The change in POPC
scores was examined from the hospital discharge to post-
trauma year 1 and from posttrauma year 1 to post-
trauma year 2. Continuous scales were compared from
year 1 to year 2 with the t test if normally distributed and
the Mann-Whitney U test if nonnormally distributed. A
cumulative logarithmic regression model using the gen-
eralized estimating equation to account for the correla-
tion between measures obtained for a patient over time
was used to assess whether there were changes in POPC
scores over all 3 time periods and to assess interactions
between time and mechanism of injury.

A logistic regression analysis was used to examine
hospital predictors of year 2 outcomes, dichotomized as
good (POPC scores of 1 or 2) or poor (POPC scores of 3

or 4). Covariates that were associated significantly with
outcomes at hospital discharge or year 1 or were signif-
icant at the .05 level in bivariate analyses were placed in
the model. Covariates that did not change the estimate
by �10% were then removed in a stepwise manner.

Poverty level was calculated by using the highest
number of the self-identified income bracket, divided by
the number of people that income supported. This value
was then compared with the North Carolina state pov-
erty level.

Medical Resources
Children’s use of ancillary medical resources was evalu-
ated through maternal report. Items included whether
the child had a primary pediatrician, medication use, use
of home health services, and use of occupational, phys-
ical, and speech therapies. Children who used �2 ther-
apies �1 time per week were categorized as “high users”
of resources. Children were compared between assess-
ments performed at year 1 and year 2.

RESULTS
A total of 112 children with TBI were admitted to any of
the 9 ICUs in the state during the 2-year study period
and were discharged alive from the hospital. There were
72 children and families (64.3%) who completed the
year 1 evaluation and were eligible for the year 2 eval-
uation. Of the 72 children eligible, 57 (79%) completed
evaluations at posttrauma years 1 and 2 (50.9% of all
children injured during the 2-year study period). Rea-
sons for not completing the year 2 interview included
inability to contact the family (n � 11), return of the
child to the custody of the biological parent and inability
to obtain consent (n � 2), inability to schedule the
evaluation (n � 1), and withdrawal from the study (n �
1). The median age of the child at the time of injury in
this cohort was 0.4 years (IQR: 0.2–0.8 years). Children
in the inflicted-TBI group were substantively younger at
the time of injury than were those in the noninflicted-
TBI group (0.3 years [IQR: 0.2–0.5 years] vs 0.7 years
[IQR: 0.1–1.6]; P � .03). The child and injury character-
istics of children who completed both evaluations and
children from the initial group of all injured children
who survived their injuries are presented in Table 1.
Child and injury characteristics were similar for all 3
groups, except that children who were neither black nor
white were less likely to be represented in year 2 inter-
views. Family characteristics at year 1 and year 2 were
similar; however, maternal caregivers interviewed at
year 2 were more likely to be married than those inter-
viewed at year 1 (Table 2). In addition, 7 children had
adoptive parents by 2 years after injury.

The year 2 evaluations showed that 37 children
(64.9%) had good outcomes (POPC scores of 1 or 2) and
20 (35.1%) had poor outcomes (POPC scores of 3 or 4).
There was no statistical difference in outcomes (POPC
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scores) 2 years after injury according to the mechanism
of injury (relative risk [RR] of moderate to severe dis-
ability among children with inflicted TBI: 1.6; 95% con-
fidence interval [CI]: 0.8–3.4).

POPC outcomes were examined for 3 times, ie, dis-
charge from the hospital, year 1 interview, and year 2
interview (Table 3). The hospital discharge POPC score
was generally reflective of the year 2 POPC score. Of the
19 children with normal outcomes (POPC score of 1) at
hospital discharge, the majority (73.6%) seemed to have
no deficits at the time of the year 2 interview. However,
4 children had mild deficits recognized, and 1 child had
a moderate deficit recognized. Sixteen children had mild
deficits at hospital discharge (POPC score of 2). Of these
16, 11 were thought to have no deficits by year 2.
However, 3 children were recognized to have moderate
deficits by 2 years after discharge from the hospital.
Therefore, of the 35 children with good outcomes (POPC
scores of 1 or 2) at discharge, 31 (89%) still had good
outcomes 2 years later. However, 8 children (22.8%)
had additional deficits recognized.

Of the 22 children with poor hospital discharge POPC
results (POPC scores of 3 or 4), 4 of the 10 children with
moderate deficits (POPC scores of 3) improved to the
mild category by year 2, whereas 3 had additional defi-
cits recognized. Among the most severely impaired chil-
dren (POPC scores of 4), 2 improved to the mild/no
deficit category and 4 improved to the moderate cate-
gory by 2 years after discharge from the hospital. There-
fore, 6 (27.3%) children had improved to the good cat-
egory, whereas the remainder continued to have poor
outcomes.

The majority of children (66.7%) did not change their

POPC scores between the year 1 and year 2 evaluations.
Of the 31% who exhibited changes, children were as
likely to show improvement (17.5%) as deterioration
(14.0%). No child changed by �1 POPC point between
year 1 and 2, with only 2 children changing from a poor
to good outcome. When POPC scores for assessments at
all 3 time points were placed in a cumulative logarithmic
regression model, there was no significant change in
POPC scores overall (P � .1); however, when mecha-
nism of injury was added to the model, there was a
significant interaction between time of assessment and
injury type (P � .02). Children with noninflicted injuries
tended to have increases in their POPC scores over time,
compared with children with inflicted injuries.

Overall, children showed no substantive differences
between the year 1 and year 2 interviews, as evaluated
with the FSII(R) (P � .3). In addition, the FSII(R)
showed no appreciable differences between the inflict-
ed-TBI and noninflicted-TBI groups at the year 2 evalu-

TABLE 1 Characteristics of Children and Families Who Participated
in Year 1 (n � 72) and Year 2 (n � 57) Evaluations and
Those From the Initial Study PopulationWho Did Not
Participate in Year 2 Evaluations (n � 55)

Year 1 Year 2 Nonparticipant

Child age at interview, median
(IQR), y

1.5 (1.3–2.0) 2.6 (2.4–3.0) 0.5 (0.25–0.75)

Gender, n (%)
Male 42 (58.3) 34 (59.6) 33 (60.0)
Female 30 (41.7) 23 (40.4) 22 (40.0)

Injury type, n (%)
Inflicted 41 (56.9) 33 (57.9) 29 (52.7)
Noninflicted 31 (41.7) 24 (42.1) 26 (47.3)

GCS score category, n (%)
13–15 40 (55.5) 33 (57.9) 27 (49.1)
9–12 14 (19.4) 10 (17.5) 12 (21.8)
3–8 17 (23.6) 14 (24.6) 14 (25.5)
Missing 1 (1.4) 0 (0) 2 (3.6)

Race/ethnicity, n (%)
White 33 (45.8) 27 (47.4) 26 (47.3)
Black 28 (38.9) 26 (45.6) 17 (30.9)
Other minority 4 (5.6) 4 (7.0) 12 (21.8)
Refused/missing 7 (9.7)

TABLE 2 Family Characteristics of ChildrenWho Participated in
Year 1 and Year 2 Interviews

Year 1 Year 2

Family characteristics
Maternal caregiver age, median (IQR), y 29 (24–41) 31 (27–41)
Marital status, n (%)
Yes 33 (45.8) 41 (71.9)
No 39 (54.2) 16 (28.1)

Maternal education, n (%)
Less than high school 18 (25.0) 14 (24.6)
At least high school 54 (75.0) 43 (75.4)

Paternal education,a n (%)
Less than high school 7 (22.6) 10 (24.4)
At least high school 15 (48.4) 30 (73.2)
Missing 9 (29.0) 1 (2.4)

Relationship of maternal caregiver to child,
n (%)

Biological parent 50 (69.4) 41 (71.9)
Adoptive parent 0 (0) 7 (12.3)
Foster parent (relative) 12 (16.7) 6 (10.5)
Foster parent (unrelated) 10 (13.9) 3 (5.3)

Social capital index, n (%)
�4 41 (56.9) 32 (56.1)
�4 31 (43.1) 22 (38.6)
Missing 3 (5.3)

Financial capital
Maternal caregiver employed, n (%)
Yes 46 (63.9) 39 (68.4)
No 26 (36.1) 18 (31.6)

Paternal caregiver employed, n (%)a

Yes 27 (87.1) 36 (87.8)
No 2 (6.5) 5 (12.2)
Missing 2 (6.5)

Family employment (in 2-parent households),
n (%)

Dual employment 17 (54.8) 26 (63.4)
One parent employed 11 (35.5) 13 (31.7)
Both parents unemployed 1 (3.2) 2 (4.9)
Missing 2 (6.4)

a Paternal caregivers were adult men identified by the maternal caregiver as a partner.
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ation (P � .4) and no longitudinal differences within the
groups across time (inflicted TBI, year 1 to year 2 inter-
views: P � .2; noninflicted TBI, year 1 to year 2 inter-
views: P � .8). There was also no appreciable change in
the scores on the Global Health Index between year 1
and year 2 evaluations.

Logistic regression modeling was performed to ana-
lyze whether there were hospital covariates associated
with outcomes (good versus poor on the POPC scale) at
year 2. The only significant predictor was a Glasgow
Coma Scale (GCS)12 score of �12. Children with GCS
scores of �12 had adjusted odds of 4.2 (95% CI: 1.1–
16.3) of having poor outcomes, compared with children
with GCS scores of �13, after adjustment for mechanism
of injury (inflicted versus noninflicted), presence of sei-
zures, and gender. Whether the child had received car-
diopulmonary resuscitation was not included in the
model. However, precision was poor because of small
numbers in some cells.

A group of children continued to need intensive re-
habilitative therapy 2 years after injury (Table 3). More
than one fourth (26.3%) of the children remained in
formal rehabilitation programs. Sixteen children (28%)
had weekly or more physical therapy, 13 (22.8%) re-
quired weekly or more occupational therapy, and 17
(29.8%) received weekly or more speech therapy. More
children were receiving speech therapy at year 2 than at
year 1 (12.3% vs 29.8%). When resource use was cat-
egorized into high use (2 of 3 service types at least once
weekly) versus low use, one third (29.8%) of children
were high resource users. However, this did not vary
according to inflicted versus noninflicted injury (RR: 1.3;

95% CI: 0.6–2.6) or race (RR for minority patient having
low resource use: 0.8; 95% CI: 0.6–1.1). No child with a
good outcome (POPC score) was a high resource user,
with the majority of services being focused on children
with poor outcomes. Families living below 2 times the
poverty level tended to have lower use of ancillary re-
sources (RR of low resource use if below 2 times the
poverty level: 0.6; 95% CI: 0.4–1.0), compared with
families living above 2 times the poverty level. There
were 17 children receiving regular medications. Of the
children receiving medications, most (70.5%) were tak-
ing anticonvulsants because of ongoing seizure disor-
ders. More children with inflicted injuries required an-
ticonvulsant therapy, compared with children with
noninflicted injuries (RR: 1.5; 95% CI: 1.0–2.3). Almost
all children (94.7%) had a primary care doctor.

Income and socioeconomic data were collected from
the families at the year 2 interview (Table 4). Families
tended to be poor, with �50% of families at less than 2
times the poverty level and 20% of families at less than
the poverty level. This reflects a higher prevalence of
poverty than the 12.3% of North Carolinians reported to
be at or below the poverty level throughout the state in
2000.11 Dual employment was common, with 63.4% of
2-parent households and 26 of all 57 families (45.6%)
reporting 2 working adults. The Hollingshead Index re-
flects a wide range of parental social status, which did
not differ according to mechanism of injury (median
index: 29 and 27 for inflicted and noninflicted TBI
groups, respectively; P � .8). When the Hollingshead
Index results were divided into groups above and below
the median, children’s outcomes on the POPC were not

TABLE 3 Child Outcomes at Hospital Discharge, Year 1, and Year 2 After TBI (n � 57)

Hospital Discharge Year 1 Year 2 RR (95% CI)
or P

POPC, n (%)
Good 19 (33.3) 24 (42.1) 26 (45.6)
Mild 16 (28.1) 12 (21.0) 11 (19.3)
Moderate 10 (17.5) 11 (19.3) 11 (19.3)
Severe 12 (21.0) 10 (17.5) 9 (15.8)

FSII(R) score, median (IQR)
All children 100 (78.5–100.0) 100 (92.8–100.0) .3
Inflicted TBI 96.4 (75.0–100.0) 100 (92.8–100.0) .2
Noninflicted TBI 100 (92.8–100.0) 100 (92.8–100.0) .8

Global Health Index, median (IQR) 21 (17–23) 22.0 (19–24) .2
Resource use, n (%)
High use 19 (33.3) 17 (29.8) 0.9 (0.6–1.4)
Low use 38 (66.7) 40 (70.2)

Physical therapy, n (%)
Weekly or more 22 (38.6) 16 (28.1) 0.8 (0.5–1.2)
Less than weekly or none 35 (61.4) 41 (71.9)

Occupational therapy, n (%)
Weekly or more 17 (29.8) 13 (22.8) 0.8 (0.5–1.3)
Less than weekly or none 40 (70.2) 44 (77.2)

Speech therapy, n (%)
Weekly or more 7 (12.3) 17 (29.8) 1.6 (1.1–2.3)
Less than weekly or none 50 (87.7) 40 (70.2)
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associated statistically with the Hollingshead Index re-
sults (RR: 0.8; 95% CI: 0.5–1.2).

DISCUSSION
The main finding of this study is that more than one half
of the children with severe TBI had good outcomes at
evaluation 2 years after hospital discharge and their
functional outcomes remained relatively stable from
year 1 to year 2 evaluations. The stability seen between
the year 1 and year 2 evaluations was maintained re-
gardless of the mechanism of injury. The second impor-
tant finding from this study is that many families caring
for children in this cohort with early TBI faced multiple
challenges, including low social and financial capital.
These factors may be important in the developmental
outcomes of the injured children.

Our study showed that functional outcomes between
year 1 and year 2 evaluations did not change substan-
tively, as measured with either the POPC or the FSII(R).
Deficits noted in hospital discharge POPC results were
maintained in the majority of cases, and POPC scores did
not change dramatically between year 1 and year 2.
Children with inflicted injuries were less likely to have
stability in their POPC scores when examined at 3 time
points, including hospital discharge, year 1, and year 2,
compared with children with noninflicted injuries; how-
ever, year 1 to year 2 POPC scores tended to remain
stable in both the inflicted-TBI and noninflicted-TBI
groups. This is consistent with results of a previous study
of young children with TBI, which showed variable re-
covery during the first 6 months after recovery from
posttraumatic amnesia and then stable persistent defi-
cits.2 The need for an increase in speech therapy as the
children grow older is also supported by deficits in ex-
pressive language noted among children with mild or
moderate TBI.2 These deficits are more likely to be no-
ticed as children grow older. However, it should be
noted that the children in the study of TBI by Ewing-
Cobbs et al2 had a median age of injury of 41 months and

the study excluded children who were victims of abuse;
therefore, the cohorts are not entirely comparable. Lon-
gitudinal studies of very young children suffering TBI are
sparse; however, studies of older children (5–15 years of
age) suggest that the full consequences of brain injury
may not be seen in the first several years after injury.
Importantly, growth curves of academic achievement
among older children declined over time in the youngest
cohort of children.1

Children with inflicted versus noninflicted injuries
had similar functional outcomes at the year 1 and year 2
evaluations. No substantive differences were seen across
time within groups. The most important predictor of
poor outcome (POPC scores of 3 or 4) at 2 years after
discharge was a GCS score of �12, although precision
was poor. This highlights the difficulty in predicting
longer-term outcomes for children after TBI. Whether
these 2 groups of children will diverge in outcomes
eventually or might differ importantly with more precise
testing is unknown.

Many more families in this injured cohort were living
below the poverty level then would be expected on the
basis of state normative values. This is despite the fact
that many families had 2 working adults. This cohort
also had a low median Hollingshead Index, compared
with a brain-injured cohort from Houston13 (Hollings-
head Index of 46 for the severely injured group), which
indicates that many families had a combination of occu-
pations with low social prestige (such as unskilled labor),
low educational achievement, and unmarried status. So-
cial capital was low for �40% of families, which puts
children at additional disadvantage.9 Children from
households with multiple risk factors, including low so-
cioeconomic status, have been shown to have worse
developmental and behavioral outcomes.14 A combina-
tion of multiple risk factors puts children at higher risk,
compared with a single risk factor, showing a dose-
response effect. Sameroff et al15 found that environmen-
tal factors were more predictive of preschool intelligence
than were child factors for a group of uninjured chil-
dren. Environmental factors that were considered in-
cluded minority group status, maternal education, fam-
ily social support, family size, and stressful life events,
among others. Caring for a brain-injured child has been
shown to be more stressful to families than caring for a
child with orthopedic injuries.16 Therefore, this group of
children should be considered at high risk for poor de-
velopment and preschool performance secondary to en-
vironmental risk factors, as well as their brain injury.

This study has limitations. There is selection bias,
because we were unable to retain all families in the
study. It is possible that families with higher levels of
coping and organizational skills were more likely to be
able to make and keep appointments for telephone in-
terviews, thus biasing our findings toward families with
better coping abilities. In addition, it is possible that

TABLE 4 Socioeconomic Data for Families Participating in the Year
2 Interview

Grouped annual family income (all sources), n (%)
�$20 000 21 (36.8)
$20 000 to �$30 000 10 (17.5)
$30 000 to �$50 000 13 (22.8)
�$50 000 11 (19.3)
Missing 2 (3.5)

Below poverty level, n (%)
Yes 12 (21.8)
No 55 (78.2)

Below 2 times poverty level, n (%)
Yes 29 (52.7)
No 26 (47.3)

Hollingshead Index of Social Status
Median (IQR) 27.8 (24–42.5)
Range 11–63
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families whose children were faring well might think
that the developmental evaluations would be of less
benefit to their children than families of children who
were faring poorly. However, when families that were
eligible to participate but chose not to have their chil-
dren evaluated were compared with those whose chil-
dren were evaluated at year 2, the groups were similar
except for the loss of nonwhite and nonblack subjects.
The 2 groups could differ in other ways not measured in
this study. It is also possible that our instruments were
not fine enough to measure more-subtle distinctions in
children’s outcomes. Cognitive disabilities may not be
reflected adequately by functional testing in this group
of children and may be more important predictors of
future school performance. It is also possible that parents
thought that the child was progressing well and did not
report difficulties because the child had made progress
since the injury event. Finally, it is unclear whether
foster or adoptive parents might rate children’s deficits
differently than biological parents who knew the child
before the injury.

This study also has strengths. It represents 2 years of
follow-up monitoring for a cohort of children who were
injured at similar ages, from a statewide population.
Unlike other studies, it does not exclude children with
inflicted injuries, who represent approximately one half
of all children �2 years of age with brain injuries. It also
allows for comparisons of child outcomes and family
characteristics between the inflicted-TBI and nonin-
flicted-TBI groups.

CONCLUSIONS
This cohort of young children showed little change in
functional outcomes from the year 1 to year 2 evalua-
tions after discharge from the hospital. It is encouraging
that almost one half of the children seemed to have good
outcomes 2 years after injury. However, these children
remain a vulnerable population. Many of the children
are cared for by socially disadvantaged families, which
may increase the risk for poor behavioral and health
outcomes. In addition, it is not known whether the
developmental trajectory of these very young brain-in-
jured children will slow as they grow older or whether
they will develop behavioral problems, as a result of
their brain injuries, that will interfere with their school
performance. The outcome measures used in this study
are functional outcomes and may not be predictive of
future cognitive performance, especially for the group
faring well or showing mild disability. It is not known
currently whether any type of early childhood interven-
tions would be useful for this population. It is possible
that early cognitive and social interventions designed to
support the mother and provide an improved environ-
ment for the child, such as the intensive nurse visiting
program designed by Olds et al,17 would be advantageous
and improve outcomes for both the family and the child.

ACKNOWLEDGMENTS
This work was supported by National Center for Injury
Prevention and Control grant R49/CCR402444 to the
University of North Carolina Injury Prevention Research
Center. Dr Keenan is supported by National Institute for
Child Health and Human Development grant K23
HD041040-01A2.

REFERENCES
1. Ewing-Cobbs L, Barnes M, Fletcher JM, Levin HS, Swank PR,

Song J. Modeling of longitudinal academic achievement scores
after pediatric traumatic brain injury. Dev Neuropsychol. 2004;
25:107–133

2. Ewing-Cobbs L, Fletcher JM, Levin HS, Francis DJ, Davidson K,
Miner ME. Longitudinal neuropsychological outcome in in-
fants and preschoolers with traumatic brain injury. J Int Neu-
ropsychol Soc. 1997;3:581–591

3. Keenan HT, Runyan DK, Marshall SW, Nocera MA, Merten
DF, Sinal SH. A population-based study of inflicted traumatic
brain injury in young children. JAMA. 2003;290:621–626

4. Fiser DH. Assessing the outcome of pediatric intensive care.
J Pediatr. 1992;121:68–74

5. Fiser DH, Long N, Roberson PK, Hefley G, Zolten K, Brodie-
Fowler M. Relationship of Pediatric Overall Performance Cat-
egory and Pediatric Cerebral Performance Category scores at
pediatric intensive care unit discharge with outcome measures
collected at hospital discharge and 1- and 6-month follow-up
assessments. Crit Care Med. 2000;28:2616–2620

6. Stein RE, Jessop DJ. Functional Status II(R): a measure of child
health status. Med Care. 1990;28:1041–1055

7. Runyan D. Monitoring child health and well-being in large
population surveys. In: Arland T, ed. The Well-Being of Children
and Families: Research and Data Needs. Ann Arbor, MI: University
of Michigan Press; 2001

8. Coleman J. Social capital in the creation of human capital. Am J
Sociol. 1988;94:95–120

9. Runyan DK, Hunter WM, Socolar RR, et al. Children who
prosper in unfavorable environments: the relationship to social
capital. Pediatrics. 1998;101:12–18

10. Hollingshead A. Four-Factor Index of Social Status. New Haven,
CT: Yale University; 1975

11. Politz K, Lewis S, Imes R, Bangit I. A Consumer’s Guide to Getting
and Keeping Health Insurance in North Carolina. Washington, DC:
Georgetown University Institute for Healthcare Research and
Policy; 2001

12. Teasdale G, Jennett B. Assessment of coma and impaired
consciousness: a practical scale. Lancet. 1974;2(7872):81–84

13. Ewing-Cobbs L, Prasad MR, Landry SH, Kramer L, DeLeon R.
Executive functions following traumatic brain injury in young
children: a preliminary analysis. Dev Neuropsychol. 2004;26:
487–512

14. Sameroff AJ. Environmental risk factors in infancy. Pediatrics.
1998;102(suppl E):1287–1292

15. Sameroff AJ, Seifer R, Barocas R, Zax M, Greenspan S. Intel-
ligence quotient scores of 4-year-old children: social-
environmental risk factors. Pediatrics. 1987;79:343–350

16. Wade SL, Taylor HG, Drotar D, Stancin T, Yeates KO. Family
burden and adaptation during the initial year after traumatic
brain injury in children. Pediatrics. 1998;102:110–116

17. Olds DL, Kitzman H, Cole R, et al. Effects of nurse home-
visiting on maternal life course and child development: age 6
follow-up results of a randomized trial. Pediatrics. 2004;114:
1550–1559

PEDIATRICS Volume 117, Number 4, April 2006 1297
. Provided by Karolinska Universitetssjukhuset on October 10, 2010 www.pediatrics.orgDownloaded from 

http://www.pediatrics.org


DOI: 10.1542/peds.2005-1883 
 2006;117;1291-1297 Pediatrics

Heather T. Keenan, Desmond K. Runyan and Maryalice Nocera 
 Injury

Longitudinal Follow-up of Families and Young Children With Traumatic Brain

 & Services
Updated Information

 http://www.pediatrics.org/cgi/content/full/117/4/1291
including high-resolution figures, can be found at: 

 References

 http://www.pediatrics.org/cgi/content/full/117/4/1291#BIBL
at: 
This article cites 13 articles, 5 of which you can access for free

 Citations

 les
http://www.pediatrics.org/cgi/content/full/117/4/1291#otherartic
This article has been cited by 5 HighWire-hosted articles: 

 Subspecialty Collections

 http://www.pediatrics.org/cgi/collection/office_practice
 Office Practice

following collection(s): 
This article, along with others on similar topics, appears in the

 Permissions & Licensing

 http://www.pediatrics.org/misc/Permissions.shtml
tables) or in its entirety can be found online at: 
Information about reproducing this article in parts (figures,

 Reprints
 http://www.pediatrics.org/misc/reprints.shtml

Information about ordering reprints can be found online: 

. Provided by Karolinska Universitetssjukhuset on October 10, 2010 www.pediatrics.orgDownloaded from 

http://www.pediatrics.org/cgi/content/full/117/4/1291
http://www.pediatrics.org/cgi/content/full/117/4/1291#BIBL
http://www.pediatrics.org/cgi/content/full/117/4/1291#otherarticles
http://www.pediatrics.org/cgi/collection/office_practice
http://www.pediatrics.org/misc/Permissions.shtml
http://www.pediatrics.org/misc/reprints.shtml
http://www.pediatrics.org

