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Objective To determine the prevalence and nature of residual cognitive disability after inpatient rehabilitation for
children aged 7-18 years with traumatic injuries.

Study design This retrospective cohort study included children aged 7-18 years in the Uniform Data System for
Medical Rehabilitation who underwent inpatient rehabilitation for traumatic injuries in 523 facilities from 2002-2011.
Traumatic injuries were identified by standardized Medicare Inpatient Rehabilitation Facility–Patient Assessment
Instrument codes. Cognitive outcomes were measured by the Functional Independence Measure instrument. A
validated, categorical staging system derived from responses to the items in the cognitive domain of the functional
independence measure was used and consisted of clinically relevant levels of cognitive achievement from stage 1
(total cognitive disability) to stage 7 (completely independent cognitive function).
Results There were 13 798 injured children who completed inpatient rehabilitation during the 10-year period. On
admission to inpatient rehabilitation, patients with traumatic brain injury (TBI) had more cognitive disability (median
stage 2) than those with spinal cord injury or other injuries (median stage 5). Cognitive functioning improved for all
patients, but children with TBI still tended to have significant residual cognitive disability (median stage on
discharge, 4).
Conclusions Injured children gained cognitive functionality throughout inpatient rehabilitation. Those with TBI
had more severe cognitive disability on admission and more residual disability on discharge. This is important
not only for patient and family expectation setting but also for resource and service planning, as discharge from
inpatient rehabilitation is a critical milestone for reintegration into society for children with serious injury. (J Pediatr
2013;-:---).

A

lthough injury is the leading cause of pediatric death, fatalities in injured children are rare (occurring in 5% of moderate
to severe injuries1,2). Despite high survival rates, the overwhelming majority of seriously injured children suffer physical,
cognitive, and quality of life impairments. These children often require inpatient rehabilitation to promote function and
recovery. Although there are many outcomes that can be measured after serious injury, 2 important and commonly measured
domains are physical and cognitive functionality.
We recently demonstrated that even though children aged 7-18 years with traumatic injuries uniformly had severe physical
disability on admission to inpatient rehabilitation, those with traumatic brain injury (TBI) demonstrated significant improvement in physical functioning at the time of discharge.3 Other prior research has focused on cognitive disability following
various injuries in children. One large meta-analysis of 28 studies from 1988-2007 summarized neurocognitive outcomes
for children after TBI and found that children with moderate TBI (defined as an initial Glasgow Coma Scale score of 9-12)
and severe TBI (Glasgow Coma Scale score of 3-8) had more intellectual, executive functioning, and memory deficits compared
with patients with mild TBI.4 There was a dose-response whereby the symptoms of patients with mild TBI resolved over time,
and the most severely injured patients had persistent neurocognitive disability >24 months after injury. This study filled an
important gap in the literature by quantifying the course of recovery and the
prevalence of persistent long-term deficits among children with TBI. To date,
however, there are no reports of more acute cognitive outcomes in a large,
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capture the functionality of patients on discharge from inpatient rehabilitation, as this is a critical stage for their recovery
and reintegration into society.5 The goal of this current study
was to determine the prevalence and nature of cognitive
disability among severely injured children and adolescents
requiring inpatient rehabilitation using a practical and clinically relevant staging system. We also wanted to examine the
distribution of cognitive disability by clinically relevant
groups of injuries. These findings would have implications
not only for patient and family expectation setting during
active rehabilitation but also for postrehabilitation planning
for ongoing assistance and care.

Methods
This retrospective cohort study identified patients in the Uniform Data System for Medical Rehabilitation (UDSMR),
with data from >829 rehabilitation centers, representing
approximately 72% of the 1152 Centers for Medicare &
Medicaid Services–designated inpatient rehabilitation facilities in the US.6 Evaluation of each inpatient in the database
is completed using the Inpatient Rehabilitation Facilities–Patient Assessment Instrument (IRF-PAI)7 developed by the
Centers for Medicare & Medicaid Services. The IRF-PAI includes demographic information (age, sex, race/ethnicity),
hospitalization and diagnostic information (length of stay
[LOS], payer, impairment codes, clinical diagnoses from International Classification of Diseases, Ninth Revision E codes),
and functional status measured using the Functional Independence Measure (FIM) instrument. All UDSMR patients
aged 7-18 years from 2002-2011 who completed rehabilitation immediately following an injury-related acute care hospitalization were included in the analysis.
Exposures
Individual injuries for each patient were identified using the
20 trauma-related IRF-PAI impairment codes assigned on
admission to the rehabilitation center according to the
injury or injuries for which each patient primarily required
rehabilitation.7 The 20 codes were then grouped into the
following 11 categories: TBI, TBI and multiple fracture/
amputation, TBI and spinal cord injury (SCI), quadriplegia
(complete), quadriplegia (incomplete or unspecified), paraplegia (complete), paraplegia (incomplete or unspecified),
other SCI, SCI and multiple fracture/amputation, burns,
and other multitrauma. Further consolidation into 4
broader categories was also used: any TBI, quadriplegia,
paraplegia, or other (which included combinations of TBI
and SCI, TBI and multiple fracture/amputation, SCI and
multiple fracture/amputation, burns, or other multitrauma). These 4 categories were created to characterize
the outcomes of children with clinically meaningful subgroups of disabling injuries from multitrauma, as defined
by the center-assigned IRF-PAI impairment codes, and
were retained after finding differences between these groups
in our study of physical functionality.3

Outcomes
Functional status of patients was assessed using the FIM instrument,8,9 a valid and reliable measure of functionality,10,11
which has previously been used to evaluate trauma-related
disability at short- and long-term intervals in children.12-14
The UDSMR database includes consistent FIM measurements documented by trained personnel on admission to
and at discharge from the rehabilitation hospital. The FIM
instrument is composed of 13 motor and 5 cognitive items,
consisting of comprehension, expression, social interaction,
problem solving, and memory. Each item can be scored
from 1 to 7, with an absolute total FIM score of 18-126.
Higher scores are associated with higher levels of functioning.
The primary outcome of this analysis was discharge cognitive functioning, based on a compilation of the variation in
functioning across the 5 cognitive FIM items. Summary
cognitive FIM scores have been categorized into a clinically
relevant and previously validated staging system, consisting
of 7 stages ranging from stage 1 (total cognitive disability)
to stage 7 (complete cognitive independence).15,16 Each stage
summarizes the variation in functioning across the 5 domains assessed into a clinically relevant set of thresholds for
overall cognitive activity that the child must meet or exceed.
Detailed definitions of each stage have previously been published.16 As an example, patients with stage 1 (total assistance) can provide only 25% of the effort necessary to
communicate and express needs; those with stage 4 can
communicate and express most needs but may still need
prompting for problem solving and memory up to 50% of
the time; and those with stage 7 (complete independence)
can provide 100% of required communication and expression without aid or assistance.
Statistical Analyses
Standard descriptive statistics were used to summarize demographic variables, injury characteristics, and outcomes.
Derived variables included the mean D stage (ie, the individual patient’s average change in cognitive functioning stage
from admission to discharge). ANOVA and c2 tests were
used to examine demographic differences across the major
injury subgroups. A paired t-test was used to compare these
mean D stages within each injury impairment code. The differences in median LOS values in days across the impairment
codes, and over time, were examined by using the KruskalWallis test.

Results
From 2002 to 2011, there were 13 798 patients aged 7-18 years
who completed trauma-related inpatient rehabilitation at
the 523 facilities that cared for children. Table I shows the
sample demographics across the 4 major injury subgroups.
Statistically significant differences were seen for all
demographics among subgroup, most notably that SCI
patients were more likely to be male and older.
The Figure shows the distribution of admission and
discharge stages for 4 subgroups: TBI, quadriplegia,
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Table I. Demographic and rehabilitation-related sample characteristics by major injury subgroup (total N = 13 798)
Age at the start of rehabilitation, mean (SD)
7-9 y, %
10-12 y, %
13-15 y, %
16-18 y, %
Sex
Male
Female
Race/ethnicity
White, non-Hispanic
Black, non-Hispanic
Hispanic/Latino
Other
Primary payer
Private
Public
Other
Admission to rehabilitation from
Acute unit of another facility
Acute unit of own facility
Other
Discharge living setting
Home
Acute or subacute care
Rehabilitation facility
Died
Other

TBI

Quadriplegia

Paraplegia

Other

P value

16.0 (2.1)
2.53
4.34
20.09
73.05

16.6 (1.4)
0.42
0.74
17.76
81.08

16.5 (1.6)
0.8
1.61
17.28
80.31

16.3 (1.9)
1.9
3.11
15.8
79.19

<.0001
<.0001

69.96
30.04

77.7
22.3

73.73
26.27

58.38
41.62

72.87
11.29
11.78
4.07

65.05
18.49
12.26
4.19

53.07
25.96
16.79
4.18

75.86
10.17
9.96
4.01

69.19
21.88
8.92

65.54
25.16
9.3

55.63
31.91
12.46

70.7
21.43
7.87

56.39
38.65
4.96

53.54
41.27
5.18

57.32
38.75
3.94

57.87
39.3
2.83

90.01
8.27
1.11
0.05
0.56

82.56
12.16
4.86
0
0.42

87.38
8.84
3.22
0
0.56

90.34
7.97
1.24
0.02
0.43

<.0001
<.0001

<.0001

<.0001

<.0001

paraplegia, and other injuries. More than 75% of children with
TBI were of cognitive stage 1, 2, or 3 on admission, with >33%
still at these stages on discharge. These stages correspond to the
most severe disability in the domains of comprehension,
expression, social interaction, problem solving, and
memory. Children with quadriplegia and paraplegia as their
main IRF-PAI code had higher levels of cognitive
functionality on admission compared with the TBI group.
Median admission stage of functioning for these patients
was 6, and the majority of these patients improved to stage 7
on discharge. The majority of the TBI group had severe
cognitive disability on admission and improved to only
moderate disability on discharge. Table II shows the median
admission and discharge stages with IQRs, the average
difference between the stages, and the mean LOS for the 11
grouped impairment codes. Even though all injury groups
demonstrated improvements in stage on discharge from
rehabilitation (P < .0001 for each), children with TBI had
more severe discharge cognitive disability compared with
those with SCI, burns, or multiple injuries. As reported in
our prior work, patients with SCI had longer LOS values
than those without SCI (P < .0001). When examining trends
over time, there was an overall slight decrease in LOS
(median 15 days in 2002 [IQR 5-29] to median 13 days in
2011 [IQR 8-25 days], P = .02). The discharge cognitive
stages over time have remained stable (median 5 [IQR 4-6])
for 2002-2011.

Discussion
As a group, children with TBI had very poor cognitive functioning on admission to inpatient rehabilitation, improved

during the rehabilitation hospitalization, and were discharged with significant residual cognitive disability. Specifically, the majority of patients with TBI had an admission
stage of 1, 2, or 3 (corresponding to moderate to complete
difficulty with comprehension, expression, social interaction,
problem solving, and memory) and a discharge stage of 3, 4,
or 5 (corresponding to mild to moderate difficulties with
these domains). In contrast, fewer patients with SCI and
other injuries had clinically important cognitive disability
on admission, with the vast majority of patients with SCI
improving by discharge to be able to demonstrate complete
or near-complete independence with cognitive function. Of
note, patients with other injuries or multitrauma (eg, TBI
and SCI, extremity injuries with TBI or SCI, burns) had a
more equal distribution of outcomes across the 7 stages on
discharge. This is in direct contrast to our prior work that assessed physical disability with this same cohort, where patients with SCI had more severe disability and less recovery
following inpatient rehabilitation.
This study builds on prior work assessing the cognitive
functioning of children following disabling injuries. Older
studies used the National Pediatric Trauma Registry, maintained from 1985 through 2001. One analysis modeled recovery of children from disabling TBI and found that, of those
without preexisting cognitive deficit, intubation, coma at
admission to the trauma center, or an injury severity score
of >27, 96% would achieve cognitive independence by
discharge from the trauma center.14 Another National Pediatric Trauma Registry study of children with multitrauma
but without significant head injury showed much higher
rates of physical disability on discharge from the acute care
hospitalization compared with those with cognitive
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Figure. The proportion of the study population at each cognitive stage* at admission and discharge from inpatient rehabilitation
by major injury subgroup. A, TBI (n = 6297). B, quadriplegia (n = 946). C, paraplegia (n = 1244). D, other injuries (n = 5311).
*
Disability stages range from stage 1 (severe cognitive disability) to stage 7 (complete cognitive function).

disability.12 Two additional recent prospective, multicenter
studies of school-age children and younger adolescents
with TBI showed more residual cognitive disability in moderate and severely injured patients with TBI at 3 and 12
months following injury compared with those with mild
TBI.17,18 As demonstrated with the existing literature, func-

tional disability can be measured at various milestones along
the course of recovery, from the point of discharge from
acute care to years following the injury. There is evidence
to show that some children with TBI may continue to have
neurocognitive recovery $10 years following injury and
that the “final” assessment of outcomes may be most

Table II. Distribution of admission and discharge stages for functional independence and length of inpatient
rehabilitation
Cognitive stage

Injury impairment code

N

%

Median admit
cognitive stage (IQR)

TBI
TBI + multiple fracture/amputation
Other multitrauma
Paraplegia, Complete
Paraplegia, incomplete or unspecified
Quadriplegia, incomplete or unspecified
Quadriplegia, vomplete
TBI + SCI
Other SCI
SCI + multiple fracture/amputation
Burns

6297
3001
1379
683
561
532
414
330
244
188
169

45.6
21.8
10.0
5.0
4.1
3.9
3.0
2.4
1.8
1.4
1.2

2 (1-3)
3 (1-4)
5 (4-6)
6 (5-7)
6 (5-7)
6 (5-7)
5 (4-6)
4 (2-5)
6 (5-7)
5 (4-6)
6 (5-7)

Median discharge
cognitive stage (IQR)

Mean paired difference
between admit and
discharge stage*

Median LOS, d†

4 (3-5)
5 (4-6)
6 (5-7)
7 (6-7)
7 (6-7)
7 (6-7)
6 (6-7)
5 (4-6)
7 (6-7)
6 (5-7)
6 (5-7)

1.6
1.5
0.9
0.7
0.7
0.9
1.3
1.5
0.8
0.8
0.7

20
13
9
29
21
33
46
23
11
18
12

*P < .0001 for all individual mean, paired D stages.
†P < .0001 for LOS across various impairment codes.
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appropriately made in adulthood.19,20 Additionally, there is
often attrition of patients in longitudinal studies of severely
injured patients, which may bias the sample and lead to an
inaccurate assessment of the spectrum of outcomes.20,21
The distinct advantage of measuring functional outcomes
at the end of inpatient rehabilitation is that it marks a critical
point in recovery for the most severely injured children. This
information can be used to establish reasonable expectations
for patients’ families for the rehabilitation phase of care.
Additionally, understanding the differences between injury
patterns and various outcomes is critical for predicting the
type and level of support necessary on discharge from inpatient rehabilitation. As an example, patients with SCI require
more technology-based assistance, and patients with TBI
need programmatic and educational services.22,23 Patients
with TBI could benefit from comprehensive outcomes testing
specifically assessing cognitive function, school district assessments of patients and implementation of accommodations, ongoing outpatient cognitive rehabilitation, and
psychoeducation of patients with concomitant mental health
comorbidities following their injury.
Although 2 recent studies used the UDSMR and absolute
FIM scores to study postrehabilitation outcomes in children
and adults with TBI24 and SCI,25 they did not specifically
focus on children, include patients with other injuries, or
use the more clinically relevant cognitive stages of functioning that we used in this analysis. Total, absolute FIM
scores may be less helpful in understanding the functional
needs of populations across the physical and cognitive domains.3 For example, we know that children who achieve
FIM cognitive stage 4 (the median stage reached by those
with TBI by rehabilitation discharge) will be able to communicate and express most needs but may still need prompting
for problem solving and memory up to 50% of the time.
Although this analysis focused on cognitive functionality,
the interaction of cognitive and physical disability must
also be considered, as completing cognitive tasks can influence performance on physical tasks when performed in tandem compared with their independent assessment.26
Several limitations should be noted. First, the database
may not be completely representative of all severely injured
patients discharged from acute care; there may have been
individuals with financial or geographic barriers to rehabilitation. However, the large size and geographic diversity of
the sample suggest that findings are likely broadly generalizable to seriously injured children who would be referred for
inpatient rehabilitation. Additionally, there were no consistently documented International Classification of Diseases,
Ninth Revision E codes for injury mechanism, which precluded analyses associating outcomes with injury causation,
which would have contributed to priority setting for efforts
to prevent injuries from specific causes. In addition, there
was limited information on the actual rehabilitation care
provided, which prevented assessment of important quality
of care measures.27 Another limitation is that many children
in this age range continue to have ongoing neurodevelopment and/or spontaneous recovery, so assessment of func-

tionality at discharge from rehabilitation may not reflect
long-term function or assistive needs. However, this point
of transition from inpatient rehabilitation to reemersion
into society is important to anticipate the level of assistance
necessary for certain injuries. Additionally, considering the
main outcome in the 4 broad injury groups may have
reduced the granularity of the analyses, particularly in the
“other” category that included a heterogeneous cohort of
multitrauma and other trauma. As an example, patients
with multitrauma or non-TBI/non-SCI injuries could have
poor cognitive outcomes because of secondary effects
from other factors not measured, such as pain, concentration, and psychological sequelae. Finally, the FIM scores
provide a gross assessment of functionality and not a
comprehensive evaluation of cognitive ability, quality of
life, behavior, decision making, or other outcomes, although
the FIM staging system used is clinically relevant for rehabilitation goals.16 n
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