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Abstract
Objective—To examine in a pilot cohort factors associated with functional outcome at discharge
and three-month follow-up following discharge from inpatient rehabilitation in children with
severe traumatic brain injury (TBI) who entered rehabilitation with the lowest level of functional
skills.

Participants—39 children and adolescents (3 to 18 years) who sustained a severe TBI and had
the lowest possible rating at rehabilitation admission on the Functional Independence Measure for
Children (WeeFIM total score = 18).

Methods—Retrospective review of data collected as part of routine clinical care.

Results—At discharge, 59% of the children were partially dependent for basic activities while
41% remained dependent for basic activities. Initial Glasgow Coma Scale score, time to follow
commands, and time from injury to rehabilitation admission were correlated with functional status
at discharge. Time to follow commands and time from injury to rehabilitation admission were
correlated with functional status at three-month follow-up. Changes in functional status during the
first few weeks of admission were associated with functional status at discharge and follow-up.

Conclusion—Even children with the most severe brain injuries, who enter rehabilitation
completely dependent for all daily activities, have the potential to make significant gains in
functioning by discharge and in the following few months. Assessment of functional status early
in the course of rehabilitation contributes to the ability to predict outcome from severe TBI.
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Early, accurate prediction of outcome following pediatric traumatic brain injury (TBI) is
important for many aspects of inpatient rehabilitation care including discharge planning for
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home management, educational programming, community re-entry, long-term treatment
planning, insurance authorization, and family adjustment and coping. Planning is
particularly crucial for those children who are totally dependent for all aspects of care at the
time of admission to rehabilitation, yet very little is known about predicting outcome in this
group. Functional outcome is known to vary widely across the spectrum of children with
TBI who require inpatient rehabilitation care1, and although a number of predictors of
outcome have been identified, no combination adequately accounts for the observed
variability in outcomes.

Several clinical measures of injury severity have been found to be reliable predictors of
functional outcome in children with TBI who require inpatient rehabilitation. Studies have
documented that higher early Glasgow Coma Scale (GCS) score predicts better outcome in
children with TBI who require inpatient rehabilitation2,3. Time to follow commands (TFC)
was the best predictor of overall functional outcome as measured by the Functional
Independence Measure for Children (WeeFIM®) at discharge and follow-up in a sample of
children with moderate to severe TBI requiring inpatient rehabilitation3. Shorter time from
injury to rehabilitation admission has also been associated with shorter inpatient stays and
better functional outcomes at discharge1. Time from injury to rehabilitation admission is
considered an indirect measure of injury severity, as length of acute medical hospitalization
is primarily determined by medical severity4, and individuals who are transferred to
rehabilitation earlier tend to be less medically complex than those transferred later5.

Studies of children with TBI who receive inpatient rehabilitation also revealed that early
course of recovery predicts later outcome. For instance, in a descriptive analysis of a
nationwide sample of children with TBI requiring inpatient rehabilitation, children with
better functional status at admission (higher WeeFIM scores) had shorter inpatient stays and
better functional outcomes at discharge1. Forsyth and colleagues modeled recovery
trajectories in a heterogeneous sample of children with TBI using non-linear mixed effects
modeling and found that children who demonstrate faster early progress also make better
ultimate recoveries (i.e., have higher WeeFIM scores at discharge)6. However, this study
examined children with a range of injury severity and range of functioning at admission, and
did not specifically examine children with the most severe injuries.

The association between demographic variables and functional outcome at discharge from
inpatient admission remains unclear in pediatric TBI; of demographic variables, age has
been the best studied. Older age has been associated with better functional outcome in
some 1,2 but not all 6,7 studies. Across the more general TBI literature, there is evidence that
younger children are at an increased risk for adverse outcomes, but these differences are
most consistently apparent when children under age seven are compared to older children
and adolescents8.

While there is some information to guide prediction of outcome in the full range of children
admitted to inpatient rehabilitation following TBI, less is known about predicting outcomes
for children who enter rehabilitation with the lowest levels of functional skills, such as
children with disorders of consciousness (DOC)9. The adult TBI literature suggests that
prognosis is poorer if DOC persist with the passage of time. Among adults with DOC, those
with even minimal signs of consciousness at one month after injury have a greater chance of
demonstrating functional improvements than those without improvements in consciousness
at that time, and better functional outcomes are associated with earlier returns of
consciousness5,10. In addition, shorter time between injury and admission to inpatient
rehabilitation and lower Disability Rating Scale (DRS) score at admission were found to
predict better outcome (i.e., lower DRS score) at 6 weeks post-admission11 and lower DRS
score at 16 weeks post-injury5. Rate of functional change during the first two weeks of
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inpatient rehabilitation was also predictive of DRS score at 16 weeks post-injury, with
greater early improvement associated with better outcome5.

The present pilot study examined factors associated with functional outcome (WeeFIM
scores) at discharge from inpatient rehabilitation and at three-month follow-up after
discharge within a small cohort of children with severe TBI who enter rehabilitation with the
lowest level of functional skills as measured by the WeeFIM. First, we hypothesized that
greater injury severity (as measured by initial GCS score, TFC, and time from injury to
admission to rehabilitation) would be associated with worse functional status at discharge
from inpatient rehabilitation and at three-month follow-up. Second, we hypothesized that
changes in functional status during the early course of a child’s rehabilitation admission
would be associated with functional status at discharge and three-month follow-up.

METHODS
Participants

Data were collected from children admitted to a tertiary-care affiliated acute brain injury
rehabilitation unit between January 1998 and October 2010. Participants had sustained
severe accidental TBI and upon admission had WeeFIM raw scores of 18, the lowest
possible rating on the WeeFIM (see below for additional information regarding WeeFIM).
Children were included in this study if they were between the ages of 3 and 18 at the time of
injury. In the age range of this sample, WeeFIM raw scores of 18 are equivalent to
Developmental Functional Quotients (DFQ) scores ranging from 14-18. Sixty children in the
database met inclusion criteria. Of these, 19 were missing data from two-week intervals, and
2 children were excluded who had undergone initial inpatient rehabilitation at a different
facility prior to admission to our institution. Children excluded from the sample did not
differ significantly from children who were included (n=39) on any demographic or injury-
related variables. The children without interval data were all admitted to the unit prior to
2003 when institute policies were changed to require consistent recording of interval scores
for all children for program evaluation purposes.

Demographic characteristics of the children in the study sample are presented in Table 1.
The 39 children ranged in age from 3 to 18 years at the time of injury. Twenty-five children
were boys (64%). Thirty children (77%) were Caucasian, seven (17%) were African
American, one (3%) was Asian, and one child’s ethnicity (3%) was classified as Other. One
child in the cohort had a penetrating injury due to an accidental bb gunshot to the head.
Other children in the cohort had depressed skull fractures with local penetration of bone into
brain matter.

Measures
Functional Independence Measure for Children (WeeFIM)—Functional outcomes
were quantified using the Functional Independence Measure for Children (WeeFIM®,
Uniform Data System for Medical Rehabilitation, Buffalo, NY), an 18-item performance-
based instrument that assesses mobility, self-care, and cognitive abilities12. The WeeFIM
has been validated in children with normal development13, developmental disabilities14,15,
and acquired brain injury15. While the WeeFIM was initially designed to describe major
levels of independence across typically developing children aged 6 months to 8 years13, it
has been validated for use in adolescents with cerebral palsy up to age 16 years16 and is
commonly used to evaluate older children and young adults with TBI up to 21 years of
age1,17,18. Raw scores on the WeeFIM range from 18 to 126.
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Raw WeeFIM scores were used to identify those children with the lowest possible total
score (18) for inclusion in the study. Given the wide age range of children evaluated in the
current study and the effect of age on WeeFIM ratings in children below the age of 7 years
due to the developmental nature of the functional abilities assessed13, WeeFIM DFQs19

were used as the measure of functional status in all data analyses. DFQs reflect percent of
“normal” or “age-appropriate” functioning, allowing comparison across age groups. Each
WeeFIM item is rated on a scale from 1-7, and total DFQs can range from 14 (for a child
who receives scores of 1 on items for which the age-based norm is 7) to greater than 100
(for a child who performs at a level exceeding the age-based norm).

As part of routine clinical care, WeeFIM ratings were obtained from each child’s primary
therapists at admission, at two-week intervals during admission, and at discharge. The first
two interval administrations were identified to be of interest in this investigation and were
operationalized as follows: for each child, an interval administration was classified as
“Month 1” if it occurred within the first 28 days after admission, and as “Month 2” if it
occurred within 29 to 56 days after admission.

Follow-up WeeFIM ratings were obtained by interview three months after the child’s
discharge from inpatient rehabilitation. Historically at our institution, data were collected by
a trained interviewer during a child’s follow-up visit to an outpatient clinic, if timing
permitted. More recently our institution has adopted as standard practice obtaining WeeFIM
data through the use of a private company with trained interviewers using a standardized
phone protocol three months following the child’s discharge from inpatient rehabilitation. In
addition, if a child participated in our institute’s day-rehabilitation treatment program or
community-based outpatient therapy program and was administered the WeeFIM by staff as
part of routine clinical care between 80 and 110 days after discharge, that score was used for
follow-up data. Nevertheless, as routine collection of follow-up WeeFIM data was only
recently initiated at our institution, only a subset of children in this cohort had follow-up
WeeFIM data.

Cognitive and Linguistic Scale (CALS)—The CALS is a clinician-rated assessment
instrument developed to quantify cognitive and linguistic changes following pediatric
traumatic or acquired brain injury. The CALS was designed for serial administration by
varying members of an interdisciplinary treatment team in order to track recovery and assess
outcome during inpatient rehabilitation20. The CALS consists of 20 items that assess
arousal, responsivity, emotional regulation, inhibition, attention, response time, orientation,
memory, simple and complex receptive and expressive language, initiation, pragmatics,
simple and complex problem solving, visuoperceptual ability, visuospatial ability, self-
monitoring, and cognitive safety. Scoring for each item ranges from 1 to 5; the total possible
score ranges from 20 to 100 with higher scores reflecting better performance. The items
were developed to track subtle improvements in cognitive and linguistic functioning,
especially in minimally responsive children20. The CALS was designed to be easily adapted
for use with children with severe motor or communication impairments20.

As the CALS was recently developed and updated, only a subset of the children in this
sample have CALS scores in addition to WeeFIM scores (children admitted after April
2005). For those children, CALS ratings were obtained by each child’s primary speech and
language and neuropsychology therapists as part of routine clinical care on the same
schedule as the WeeFIM ratings, as reported above.

Glasgow Coma Scale (GCS)—GCS was defined as the earliest available GCS score
documented at the scene of injury, in transit, or upon arrival to the Emergency
Department21.
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Time to Follow Commands (TFC)—TFC was defined as the ability to follow verbal
commands twice in a 24-hour period as observed by hospital staff. TFC was obtained based
on medical record review if the child began to follow simple, one-step commands prior to
admission to inpatient rehabilitation or by staff report and documentation of following two
simple commands during a 24-hour period during the child’s rehabilitation admission. For
children who were not noted to follow commands during the inpatient rehabilitation stay
(n=4), outpatient chart reviews were conducted to determine a window during which
command following occurred, and the first day of that window was used to estimate TFC.

Time from injury to admission (TTA)—This variable is defined as the total number of
days from injury onset to initial admission to inpatient rehabilitation.

Length of rehabilitation stay (LOS)—The total number of days that a child is admitted
to inpatient rehabilitation is the length of rehabilitation stay. If a child is transferred to an
acute medical facility (e.g., due to medical instability or to undergo a surgical procedure)
and then is re-admitted to the unit within 30 days to continue rehabilitation under the initial
treatment plan, the re-admission is considered part of the initial stay.

Procedure
All data were collected as part of routine clinical care and entered into a program evaluation
database. The Johns Hopkins School of Medicine’s Institutional Review Board granted
exempt status approval for a separate research database to be created for this study that was
stripped of all patient identifiers and protected health information. The IRB approval also
granted access to medical records. For the exploratory analyses described below, a brief
clinical record review was conducted to locate clinical data not entered into the database in
order to describe the clinical presentation of the children.

Description of subgroups
Thirty-eight of the 39 children had Month 1 WeeFIM ratings. Three children were
transferred to an acute medical facility within their first month of rehabilitation admission
due to medical instability and were re-admitted to the rehabilitation unit within two weeks.
Due to therapy interruption, their first interval assessment occurred at least four weeks after
admission, within the window for “Month 2” scores. For two of these children, their
functional status did not change during this time period as evidenced by stable WeeFIM
scores from admission to Month 2. As such, the same score was reported for Month 1. In
contrast, the third child made gains in functional status prior to his first assessment. His first
interval WeeFIM score was thus included with Month 2 data, resulting in missing data for
Month 1 scores.

Thirty-six of the 39 children in the sample had Month 2 scores. The three children without
Month 2 scores had faster recovery trajectories compared to the rest of the sample. They had
significantly higher WeeFIM Total DFQ scores at Month 1 (mean DFQ=53 versus mean
DFQ=16; t[36]=-11.9, p<.001) and were discharged shortly after the Month 1 assessment,
resulting in shorter LOS (mean=25 days versus mean=104 days; (t[37]=2.5, p=.02). As a
result, these children do not have Month 2 data. These three children were significantly
younger at the time of injury compared to the larger sample (mean age=4.6 years versus
mean=12.5 years; t[37]=3.7, p=.001), and were admitted to rehabilitation shortly after their
injuries (mean TTA=8 days versus mean=30 days; t[37]=2.0, p=.05).

Month 1 assessment occurred an average of 19 days after admission (range 12 to 27 days).
Month 2 assessment occurred an average of 34 days after admission (range 29 to 48 days),
and an average of 73 days prior to discharge (range 9 to 254 days).
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Of the 39 children with usable data, 13 had CALS scores in addition to WeeFIM Total DFQ
scores. The subset of children with CALS scores was significantly older than children with
only WeeFIM scores [t(37)=1.34, p=.04] but did not significantly differ on any other
demographic or injury-related variables.

Sixteen children had follow-up WeeFIM Total DFQ scores obtained three months after
discharge (mean 90 days after discharge, range 81-110 days). The subset of children with
follow-up WeeFIM Total DFQ scores did not differ significantly from children without
follow-up data on any demographic or injury-related variables. Nine children overlapped in
the CALS and follow-up groups.

Data analysis
All statistical analyses were completed using SPSS 18.0 (www.spss.com), and alpha was set
at p≤.05 for all analyses. Descriptive statistics were calculated to examine demographic,
injury severity, and rehabilitation variables. Group comparisons were made using the Fisher
exact test for categorical variables (sex and race) and t test for continuous variables (age,
initial GCS, TFC, time to admission, length of stay, WeeFIM Total DFQ scores, and CALS
scores). Bivariate correlation analyses were conducted to investigate associations between
demographic, injury-related, and rehabilitation variables and 1) discharge WeeFIM Total
DFQ scores and 2) follow-up WeeFIM DFQ scores, where available.

Visual inspection of plotted WeeFIM Total DFQ scores (Figure 1) revealed two groups of
children based on functional status at discharge, prompting exploratory analyses to identify
patterns of early change in WeeFIM scores with clinical relevance for predicting group
status at discharge.

To further characterize the clinical features associated with differing patterns of recovery,
descriptive data were collected for the subset of children with three-month follow-up data.
All data were directly extracted from available records, with the exception of state of
consciousness [vegetative state (VS), minimally conscious state (MCS) or conscious state
(CS)], which was not historically documented at our institution. Individuals were designated
as being in VS, MCS, or CS based on the description of their function in clinical records and
the definitions from the Aspen Workgroup10,22,23.

RESULTS
Recovery Patterns

WeeFim—Figure 1 depicts changes in WeeFIM Total DFQ scores over the course of
rehabilitation admission. The majority of children made gains in functional status with an
average improvement in WeeFIM Total DFQ scores from admission to discharge of 27
percentage points (range 0 to 61 points). Visual examination of Figure 1 revealed two
distinct groups: Sixteen children (41%) had discharge WeeFIM Total DFQ scores below 30
(Dependence group) and 23 children (59%) had discharge scores above 30 (Partial
Dependence group). Children in the former group could generally be described as requiring
maximum to total assistance from others to complete functional activities. Review of clinical
records indicated that these children were severely limited in their ability to interact with
their environment. Children in the latter group could generally be described as partially
dependent on others to complete activities, with needed support ranging from moderate
assistance to supervision. No children in our sample had discharge WeeFIM Total DFQ
scores above 85, which would be within normal limits of functioning for the child’s age and
consistent with an age-appropriate level of functioning.
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CALS—All thirteen children with CALS data demonstrated improvements in CALS scores
over the course of rehabilitation admission (average improvement of 34 points with a range
of 3 to 64). CALS scores were as follows: Admission Mean (M)=24.7, Standard Deviation
(SD)=3; Month 1 M=30.3, SD=13; Month 2 M=38.2, SD=21; and Discharge M=58.3,
SD=26.

Correlations between demographic and rehabilitation variables and WeeFIM outcomes
Table 2 presents correlations between variables of interest. Given that all children entered
rehabilitation at the same level of functioning, admission WeeFIM Total DFQ scores were
restricted in range and not correlated with functional status at discharge or follow-up three
months after discharge. Admission CALS scores had a wider range of values (20 to 31) and
were moderately correlated with discharge WeeFIM Total DFQ scores, although this
association was not statistically significant. The strongest correlations with functional status
at discharge were with interval WeeFIM Total DFQ scores and interval CALS, with scores
obtained closer to discharge (i.e., at Month 2) more strongly correlated with discharge
scores. A similar pattern was observed for functional status at follow-up. The strongest
correlations with follow-up WeeFIM Total DFQ scores were with WeeFIM Total DFQ
score at discharge and with CALS score at discharge. Month 2 WeeFIM and CALS scores
were also significantly correlated with follow-up functional status.

Greater injury severity was generally associated with poorer functional status at discharge
and follow-up. Longer TFC and TTA were both associated with lower WeeFIM DFQ scores
at discharge and follow-up. GCS score was significantly correlated with discharge but not
follow-up WeeFIM DFQ scores. Length of stay was inversely correlated with functional
status at both discharge and follow-up, as children who made swift recoveries were
discharged earlier from inpatient rehabilitation. Age at injury was not significantly
correlated with either discharge or follow-up WeeFIM Total DFQ scores.

Exploratory Analyses: Accuracy of early change in the classification of discharge status
As early measures of functional status were associated with functional status at discharge
and two distinct patterns of recovery were identified, exploratory analyses were performed
to examine the accuracy of the presence of change in functional status in classifying
discharge status on an individual case level. Thirty-eight children were included in the
Month 1 analysis (22 with partial dependence at discharge). The one child missing Month 1
data was only included in the Month 2 analysis and fell within the partial dependence range
of function at discharge. All 39 children were included in the Month 2 analysis (23 with
partial dependence at discharge). For the purpose of these exploratory analyses, the three
children who had recovered rapidly and were discharged prior to Month 2 data collection
were included as children who had made change by the Month 2 assessment and whose
discharge functioning was in the partially dependent range. To transform these findings into
information that could potentially be applied at the level of the individual, we cast our data
into the 2×2 tables depicted in Figure 2 and performed two series of contingency table
analyses according to Chelune24.

We defined our first test factor as whether or not a patient made any absolute change in total
WeeFIM raw score by Month 1 and used group status (Dependence or Partial Dependence)
as our condition of interest. The resulting sensitivity - the ability to detect individuals who
showed any WeeFIM change and were in the Partial Dependence group at discharge - was
14/22 (63.6%). The specificity - the ability to identify individuals who did not show
WeeFIM change by Month 1 and were in the Dependence group at discharge - was 14/16
(87.5%). Examination of the likelihood ratio indicated that if a child made any change by
Month 1, they were five times more likely to be in the Partial Dependence group at
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discharge (LR = 5.1; 95% CI [1.3, 19.3]). Overall, these results suggest that any change in
functional status by Month 1 is associated with advancing to the Partial Dependence group
by discharge. However, the false negative rate for this test factor is 8/22 (36.4%), suggesting
that some children who do not make changes in WeeFIM by Month 1 have the potential to
continue to make gains in functional status.

The above analyses were then repeated using absolute change in total WeeFIM score by
Month 2 as the test factor. The resulting sensitivity was 20/23 (87.0%), suggesting that early
change in WeeFIM scores by Month 2 is a sensitive measure of functional status at
discharge and that any change by Month 2 is associated with being in the Partial
Dependence group at discharge. The specificity of the measure was also high at 13/16
(81.3%), as most patients in the Dependence group at discharge did not change in WeeFIM
scores by Month 2. If a child made any change by Month 2, they were over four times more
likely to be in the Partial Dependence group at discharge (LR = 4.6; 95% CI [1.7, 13.0]).
Any change in functional status by the Month 2 assessment accurately identified the
discharge status of 85% of the children in this sample as being in the Partial Dependence
group versus the Dependence group, although some children continued to be incorrectly
classified using this method (false negative rate is 3/23, 13%; false positive rate is 3/16,
19%).

Exploratory Analyses: Comparison of outcome groups
Of the sixteen children with follow-up data from three months post discharge, those who
gained functional skills during rehabilitation admission continued to improve along the same
trajectory after discharge from inpatient rehabilitation, while the children who made
minimal gains in functional status during admission generally continued to make slow gains
following discharge (see Figure 3). All children with follow-up data were discharged to their
home settings and participated in either community-based outpatient therapies or in a day-
rehabilitation treatment program. To further characterize the rehabilitation course and
follow-up functioning of this subgroup of 16 children, we conducted chart reviews to locate
additional relevant clinical information (see Tables, Supplemental Digital Content 1 and 2,
which present demographic and rehabilitation information for this subgroup).

Of the children with three-month follow-up data, eight were discharged with functional
skills in the Partial Dependence range. All made at least minimal improvements in
functional status by Month 2 of admission and had emerged from a MCS by discharge. All
children in this group continued to make gains after discharge, and four obtained follow-up
total WeeFIM DFQ scores above 85, within the range of age-expected independent
functioning. Review of rehabilitation and injury-related information suggests that children in
this group tended to have short acute care stays and remained medically stable throughout
rehabilitation. The depth of deepest lesion on imaging was quite variable within this group,
and those with deeper lesions demonstrated motor impairments (e.g., hemiparesis) and
comparatively lower overall functioning. Most children in this group were referred to an
intensive day rehabilitation program upon discharge from the inpatient unit.

Of the children with follow-up data, eight remained at the Dependence level of functioning
at discharge. None were following commands at admission, and three were in a VS. Seven
children achieved command following by discharge, and the remaining child did so between
discharge and three-month follow-up. At discharge, seven of eight children were in a MCS,
indicating that they had not yet developed a means of functional communication or
purposeful object use. During the three-month follow-up period, three children emerged
from a MCS, and although a few made modest gains in functional status during this time
period, all eight remained at the Dependence level of functioning at follow-up. Two
children’s WeeFIM DFQ scores decreased slightly over the follow-up period. While known
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medical issues likely contributed to decreased functional independence in one child, it is
also possible that differences in informants and/or environmental demands contributed to
these declines following discharge. Review of rehabilitation and injury-related information
suggests that children in this group tended to be medically complicated as evidenced by long
TTA and interruptions to rehabilitation due to medical instability, resulting in lengthy
inpatient rehabilitation stays. The children in this group had multiple deep lesions on
imaging, with lesions extending to the brainstem in seven of eight children. These children
all had severe motor impairments. Only one child in this group received therapy through the
intensive day rehabilitation program upon discharge from the inpatient unit.

DISCUSSION
This study sought to identify predictors of functional outcome at discharge from inpatient
rehabilitation in children with severe TBI who entered rehabilitation with total dependence
for functional skills based on the WeeFIM. As expected, higher initial GCS and shorter TFC
were correlated with higher WeeFIM DFQ scores at discharge, consistent with previous
research2,3. In the smaller sample of children with three-month follow-up data, TFC but not
GCS was significantly correlated with functional status. These findings confirm that these
measures of severity remain useful in predicting outcome, even among the most severely
injured children, and are consistent with prior work suggesting that TFC is more strongly
associated with outcome following pediatric TBI than GCS3.

We also predicted that greater length of time from injury to admission to rehabilitation
(TTA) would be correlated with worse functional status at discharge and follow-up. In our
sample, TTA was significantly correlated with worse functional status at discharge and
three-month follow-up. These results are consistent with the existing literature linking TTA
to functional status in children with a range of injury severity1 and in adults with disorders
of consciousness5,11 and suggest that TTA may also be useful for predicting functional
status after discharge. Several authors have described TTA as a marker for injury severity,
but it can also be considered a proxy for medical stability, and thus may capture slightly
different information than other measures of injury severity. For example, in our small
sample, TTA was more strongly correlated than initial GCS score with functional status at
three-month follow-up.

Our second hypothesis was that functional status during the early course of a child’s
rehabilitation admission would be correlated with functional status at discharge and three-
month follow up. The results supported this hypothesis and suggested that early
improvements (i.e., by the first month of admission) in WeeFIM DFQ scores were
associated with higher discharge WeeFIM DFQ scores. These findings are consistent with
the existing literature demonstrating that individuals with TBI who make early progress also
make better ultimate recoveries6,11, but to our knowledge this is the first study to
demonstrate this association in children with severe TBI who all entered rehabilitation with
total functional dependence.

Exploratory analyses suggested that the absence or presence of any change in WeeFIM DFQ
scores by Month 1 and Month 2 provides clinically meaningful information about likely
functional status at discharge. Any improvement in functional status during the first month
of inpatient rehabilitation was associated with further recovery and achievement of Partial
Dependence status by discharge. Lack of improvement in WeeFIM DFQ scores by the
second month of inpatient rehabilitation was associated with Dependence status at
discharge. While analyses of this type have the potential to provide information that can be
directly applied at the level of the individual and are an important step towards the
development of evidence-based practice, these data should be considered preliminary given
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the small sample size. Clinically, these data pose the risk that some children who do not
show functional change on the WeeFIM would be excluded from aggressive rehabilitation
after two months. It is therefore important to emphasize the preliminary nature of these
findings and the false negative rates (36% for Month 1 data and 13% for Month 2 data) in
our exploratory test factor analyses. It is also critical to highlight that the WeeFIM provides
a broad measure of function but does not capture important but lower-level changes in
function. For example, improvements in tolerance to positioning, ease of care, arousal and
responding, and isolated muscle movements may be important milestones resulting from
aggressive rehabilitation but would not be captured by the WeeFIM. This highlights the
need for continued investigation of measures best suited to track functional progress in
children at the lowest level of function.

The CALS was developed with the goal of being sensitive to functional gains in children
with disorders of consciousness and throughout the spectrum of recovery after TBI. Its
utility within a cohort of children at the floor of the WeeFIM has not previously been
studied; preliminary analyses were therefore conducted in the current study for the small
subset of children with CALS data. Within that group, Month 1 and 2 CALS scores were
strongly associated with discharge and follow-up WeeFIM DFQ scores. This is consistent
with an investigation of the psychometric properties of the CALS20, which identified
significant correlations between WeeFIM total raw scores and CALS scores at both
admission and at discharge among a heterogeneous sample of children with acquired brain
injury. In addition, the range of admission CALS scores observed in our narrowly defined
sample suggests that CALS scores may provide unique information about the cognitive
functioning of children with the lowest levels of functioning and may contribute to the
prediction of functional status at discharge. Certainly, the small size of this subgroup
necessitates that the conclusions be considered preliminary, and further study is needed to
explore the current results which suggest that the CALS is a useful complement to the
WeeFIM in this population. Additional measures designed to capture lower level motor
changes which occur during inpatient rehabilitation may also be useful in this population.

The descriptive information about children with follow-up WeeFIM DFQ scores provided
additional detail about the recovery trajectories of children who enter rehabilitation
completely dependent for all daily activities. Most children (including those in the
Dependence group at discharge) made functional gains during inpatient rehabilitation,
including the emergence of command following in all but one child who was not following
commands at admission. Consistent with the existing literature, children in the Dependent
group at discharge tended to have longer TFC3, lower GCS2, longer TTA1,5,11, and deeper
brain lesions25 compared to children in the Partial Dependence group at discharge.
Consistent with research in adults with DOC suggesting that better functional outcomes are
associated with earlier returns of consciousness5,10, seven of eight children in the
Dependence group at discharge had not yet emerged from MCS by discharge.

In our sample of children with follow-up data, recovery continued along the same trajectory
in the first few months following discharge. Children who were in the Partial Dependence
group at discharge continued to make functional gains, with some children even achieving
age-appropriate functional status at follow-up. Children who remained in the Dependent
group at discharge tended to continue to make slow and small changes in WeeFIM DFQ
scores following discharge but remained dependent for all activities, at least as measured by
the WeeFIM. The children in the Partial Dependence group at discharge commonly received
intensive outpatient therapy in a day rehabilitation setting between discharge and three-
month follow-up, while the children in the Dependent group at discharge tended to receive
less intensive outpatient therapy. This pattern likely represents a difference in perceived
likelihood of benefit from ongoing intensive therapy at the time of discharge from inpatient
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rehabilitation; however, the effect of intensity of therapy on functional changes observed in
these children over the three months following inpatient rehabilitation is unknown. Further
study is needed to elucidate the pattern of long-term recovery in this population, particularly
for children who remain in a state of total functional dependence at discharge and three-
month follow-up.

The current findings need to be considered in the context of methodological limitations. This
pilot study is a retrospective review of a select sample of children with severe TBI who were
admitted to one rehabilitation center. It could be argued that center-specific policies and
procedures as well as patient admission biases result in local differences in treatment
delivery and the population served which may also influence functional outcomes. The
practice in our institution is to admit children with even the lowest levels of functioning,
with the goal of discharging all children to home. As such, replication of our findings across
different sites and treatment models will be important. In addition, we did not directly
explore the effect of age at injury on functional outcome, given that age-corrected DFQ
scores were used in analyses. Future studies with larger samples of defined age groups are
needed to explore age effects. Imaging and family psychosocial data were not available for
the cohort studied but would be important additional variables to explore in future work.
Finally, as noted above, the most important limitation of this study is small sample size,
particularly in the correlations involving follow-up data and CALS data. Larger studies that
track functional status for longer periods of time following discharge will be important to try
to replicate and extend these findings.

CONCLUSIONS
In this sample of children with severe TBI who entered inpatient rehabilitation with total
functional dependence, the majority made significant gains in functional status during
admission and achieved a level of partial functional dependence by discharge. WeeFIM
DFQ scores obtained early in admission were significantly correlated with functional status
at discharge and at three months post-discharge. Moreover, any change in functional status
on the WeeFIM during the first month of rehabilitation was associated with an increased
likelihood of achieving partial dependence at discharge. This study demonstrates the utility
of early and ongoing assessment of functional status during inpatient rehabilitation and
suggests the potential of such information to inform clinical treatment planning. These
findings support the argument that discharge planning for children with severe TBI should
begin as early as the first month of rehabilitation admission. Particularly for children who
have not made gains in functional status by two months and thus have a high likelihood of
remaining in the Dependence group at discharge, discussions with families about planning
for training, equipment, and home modifications should begin as early as possible, given
that these activities require significant time and resources. In addition, continued efforts are
needed to evaluate measures sensitive to functional goals achieved during TBI rehabilitation
which are not captured by the WeeFIM.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Change in functional status during admission across timepoints for all 39 children. Each line
represents an individual child.
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Figure 2.
Contingency tables showing frequency of children in each discharge group by presence or
absence of change in raw WeeFIM Total scores by Month 1 (n = 38) or Month 2 (n = 39).
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Figure 3.
Change in functional status for the subgroup of 16 children with three-month follow-up data.
Each line represents an individual child.
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Table 2

Correlations with functional status at discharge and follow-up

n Discharge WeeFIM Total DFQ n Follow-Up WeeFIM Total DFQ

Admission DFQ 39 .26 16 .21

Month 1 DFQ 38 .48** 16 .51*

Month 2 DFQ 36 .67** 16 .80**

Discharge DFQ - - 16 .96**

Admission CALS 13 .48 9 .36

Month 1 CALS 13 .70** 9 .65

Month 2 CALS 13 .91** 9 .96**

Discharge CALS 13 .88** 9 .89**

Age 39 -.27 16 -.15

GCS 39 .37* 16 .34

TFC 39 -.58** 16 -.61*

Time to admission 39 -.32* 16 -.60*

Length of stay 39 -.44* 16 -.63**

Abbreviations: DFQ = WeeFIM Developmental Functional Quotient (percent of age-appropriate functioning); CALS = Cognitive and Linguistic
Scale; GCS = Glasgow Coma Scale; TFC = Time to follow commands

*
p≤.05

**
p≤.01
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