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Abstract

The Glasgow Outcome Scale (GOS) and its most recent revision, the GOS-Extended (GOS-E), provide the gold
standard for measuring traumatic brain injury (TBI) outcome. The GOS-E exhibits validity when used with
adults and some adolescents, but validity with younger children is not established. Because the GOS-E lacks the
developmental specificity necessary to evaluate children, toddlers, and infants, we modified the original version
to create the GOS-E Pediatric Revision (GOS-E Peds), a developmentally appropriate structured interview, to
classify younger patients. The criterion, predictive, and discriminant validity of the GOS-E Peds was measured
in 159 subjects following TBI (mild: 36%; moderate: 12%,; severe: 50%) at 3 and 6 months after injury. Participants
were included from two studies completed at the Pediatric Neurotrauma Center at Children’s Hospital of
Pittsburgh. We assessed the relationship among GOS-E Peds, the GOS, and the Vineland Adaptive Behavior
Scales as well as other standardized measures of functional, behavioral, intellectual, and neuropsychological
outcome. Premorbid function was assessed 24-36 h after injury. The GOS-E Peds showed a strong correlation
with the GOS at 3 and 6 month time points. Criterion-related validity was also indicated by GOS-E Peds’
association with most measures at both time points and at injury severity levels. The 3 month GOS-E Peds was
associated with the 6 month GOS-E Peds, everyday function, behavior, and most cognitive abilities. Dis-
criminant validity is suggested by weak correlations between both 3 and 6 month GOS-E Peds and premorbid
measures. The GOS-E Peds is sensitive to severity of injury and is associated with changes in TBI sequelae over
time. This pediatric revision provides a valid outcome measure in infants, toddlers, children, and adolescents
through age 16. Findings support using the GOS-E Peds as the primary outcome variable in pediatric clinical
trials.
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Introduction outcome rather than mortality for benchmarking assessments

of quality of care or measuring efficacy of specific treatments

LTHOUGH MORTALITY RATES from most critical illnesses

have declined precipitously with advances in medical
and surgical care, pediatric traumatic brain injury (TBI) re-
mains the leading cause of death and disability for children in
all age groups except for infants <1 year of age. Pediatric TBI
affects 475,000 children yearly, and leads to 37,000 hospitali-
zations and > 3000 deaths (Langlois and Sattin, 2005; Langlois
et al., 2004) Because of medical advances, the focus of clinical
care and experimental therapies has necessarily shifted to
targeting improved neurological and neuropsychological

and interventions.

There are few pediatric outcome measures specifically de-
veloped for patients with TBI, and none to our knowledge that
span infancy through adulthood. Perhaps the most widely
used pediatric outcome measure in the hospital is the Pediatric
Cerebral Performance Scale (PCPC), an instrument modeled
after the Glasgow Outcome Scale (GOS) and constructed to
measure short-term cognitive disability after life-threatening
medical events (Fiser, 1992). This categorical scale was initially
developed to assess outcome at discharge from critical care
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units. To date, studies have yet to establish the predictive va-
lidity of the PCPC beyond hospital discharge (Fiser et al., 2000).
A clinically accessible, validated tool to determine functional
outcome after TBI across the injury spectrum and across all age
ranges would be valuable for both clinicians and researchers.

The GOS (Jennett and Bond, 1975) and its revision, the
GOS-Extended (GOS-E) (Jennett et al., 1981), provide the gold
standard for measuring TBI outcome of adults in clinical trials
(Clifton et al., 1992). Although these measures have been
shown to provide a valid measurement of outcome in adults
with TBI, to our knowledge, there is no published validity
information regarding their usage in children and adolescents
<17 years of age. Acknowledging this limitation, we modified
the original structured GOS-E interview to create the pediatric
version (GOS-E Peds), a developmentally appropriate inter-
view to classify TBI outcome in younger patients.

The goal of this study was to establish the validity of the
GOS-E Peds as a measure of functional outcome after TBI by
comparing it to the GOS in a population of children who
varied in age and severity of acute TBI. We hypothesized that
the GOS-E Peds would show a strong correlation with the
GOS, the recognized gold standard. Additionally, the Vine-
land Adaptive Behavior Scales, a measure widely applied in
pediatric studies outside the hospital, was used to provide a
developmentally based reference for comparison. We ex-
plored the criterion-related validity of the GOS-E Peds by
comparing it with highly standardized parent rating scales
measuring daily function and behavior as well as to perfor-
mance-based cognitive instruments collected at the same time
point (concurrent validity). We also hypothesized that the
GOS-E Peds assessed at 3 months would be strongly corre-
lated with these same standardized outcome assessments at 6
months (predictive validity). In contrast, we hypothesized
that the GOS-E Peds at 3 and 6 months post-TBI would be
more weakly correlated with standardized measures of pre-
morbid function (discriminant validity).

Methods

This study utilized an analysis of prospective data from
two studies of TBI in children from the Pediatric Neurotrauma
Center at Children’s Hospital of Pittsburgh of the University
of Pittsburgh Medical Center. The present study and the
parent research projects were completed with appropriate
Institutional Review Board oversight. Inclusion criteria were:
1) mild to severe non-penetrating TBI (intake or post-resus-
citation Glasgow Coma Scale [GCS] score between 3 and 15)
(Teasdale and Jennett, 1974); 2) birth to 16 years of age at
injury; 3) GOS and GOS-E Peds scores for at least one study
time point; and 4) English as the child’s language of origin.

Premorbid functional abilities were assessed by caregiver
interview using the Vineland Adaptive Behavior Scales—
Interview Version [VABS] (Sparrow, 2006). Children >3 years
of age underwent a behavioral survey (Conners’ Parent Rat-
ing Scale [CPRS] (Conners, 2001)). This initial evaluation was
generally completed within 24-36h after injury. Demo-
graphic information was collected from the child’s parent(s)
or caregiver at the time of injury. Instruments administered at
3 and 6 months included the VABS and CPRS as well as an
age- appropriate IQ measure and instruments assessing
memory and learning and processing speed as described
subsequently.
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Measures of functional outcome and behavior

The original GOS was scored according to five categories:
1=good recovery, 2=moderate disability, 3=severe dis-
ability, 4=persistent vegetative state, and 5=death. The
GOS-E Peds, including the developmentally appropriate
interview and descriptors of category scores, is included in
Appendix A. For more extensive information regarding
standard GOS-E terms, the reader is referred to Wilson and
associates (1998). For this study, both instruments were
scored such that a higher score indicated increasing level
of disability. A single trained technician, not blind to the
severity of TBI, completed the GOS and GOS-E Peds with
face-to-face interviews with caregivers, and children if age
appropriate, at each study time point. The VABS, as a mea-
sure of parent-reported functional abilities at follow-up time
points, was chosen as the primary reference measure to
compare the GOS-E Peds. Behavior problems were assessed
with the CPRS. Unlike the VABS and neuropsychological
instruments discussed subsequently, higher scores on the
CPRS reflect more problems.

Cognitive outcome: Measures of intelligence
and neuropsychological abilities

Standardized, performance-based outcome testing was
completed 3 and 6 months post-injury. General intellectual
functioning (i.e., IQ), assessed by either the Bayley Scales of
Infant Development, 2nd Edition (BSID-2) (Bayley, 1993) or
the Stanford Binet-IV (SB-1V) (Thorndike, 1986), was admin-
istered at <2.5 years and >2.5 years, respectively, as dictated
by procedures in the parent research studies. For children >5
years, The California Verbal Learning Test-Child Version
(CVLT-C) assessed rote memory ability in short- and long-
delay free recall conditions. (Delis, 1994) and the Wechsler
Intelligence Scale for Children-III (WISC-III) (Wechsler, 1991)
Coding and Digit Symbol subtests were used to compute the
Processing Speed Index according to manualized procedures.
These instruments were selected because memory and pro-
cessing speed problems are two of the most common sequelae
of TBI in children (Beers and Levin, 2008).

Statistical analysis

Summary statistics were used to describe the clinical
characteristics and outcome test scores for the overall sample
and by severity group. Data analyses were performed to
evaluate the GOS-E Peds as an improvement over the GOS.
Comparisons were also made between the GOS-E Peds and
GOS and the VABS as a developmentally based criterion
measure. The neuropsychological tests were referenced to
provide a broader representation of the developmental spec-
trum in children.

Premorbid status and 3 and 6 month outcomes were com-
pared with the GOS and GOS-E Peds using the Spearman
correlation coefficient. To assess the GOS-E Peds as an im-
provement, several analyses were performed. Assessment of
primary criterion validity relied on a comparison of the GOS-
E Peds with the GOS and the VABS. Predictive validity was
assessed by comparing 3 month GOS-E Peds and GOS scores
with VABS scores at 6 months. Finally, discriminant validity
was assessed by comparing premorbid VABS and other test
scores with the GOS and GOS-E Peds.
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To measure sensitivity to change of the GOS and GOS-E
Peds, we examined the association of change in the GOS/
GOS-E Peds with the change in the VABS and other outcome
measures at three intervals: 1) premorbid versus 3 months, 2)
premorbid versus 6 months, and 3) 3 versus 6 months. Sub-
jects were excluded from this analysis if they were deceased or
did not have an assessment completed at both 3 and 6 month
follow-up. Statistical significance level was defined as «=0.05
with two-sided alternative hypotheses.

Results
Description of the sample

The sample included 159 children and adolescents (62%
males), with an age range of 1 to 204 months (80.9+56.9
months). Severity of injury was distributed as 50% severe
(Glasgow Coma Scale [GCS] <8), 12% moderate (GCS 9-12),
and 36% mild (GCS >13). Other characteristics of the study
sample are presented in Table 1. Approximately 12% of the
sample incurred abuse, raising an issue regarding assessment
in this injury group. In this subgroup of patients, baseline
and follow-up assessments were completed with the non-
perpetrating parent. Assessments were completed for 148
subjects (93%) at 3 month follow-up and for 114 subjects (72%)

TaBLE 1. DEMOGRAPHIC INFORMATION
AND INJURY CHARACTERISTICS

Characteristic n %
Gender
Male 98 61.6
Female 61 38.4
Primary race
White/Caucasian 144 90.6
Black/ African-American 13 8.2
Asian 1 0.6
Multi-racial /No primary race 1 0.6
Hispanic or Latino
Yes 1 0.6
No 157 98.7
Injury mechanism
Fall 39 24.5
Motor vehicle collision 35 22.0
Car vs. pedestrian 22 13.8
Abuse 20 12.6
Recreational 27 16.9
Other 16 10.1
Severity of TBI (initial GCS Total?)
3 5 3.1
4 4 2.5
5 7 4.4
6 25 15.7
7 28 17.6
8 10 6.2
9 3 1.8
10 10 6.3
11 5 3.1
12 1 0.6
13 4 2.5
14 16 10.1
15 38 23.9

“Initial Glasgow Coma Scale (GCS) was unavailable for 3 subjects.
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at 6 month follow-up. The outcome test scores at follow-up
time points are presented in Table 2.

Relationship of the GOS-E Peds to functional,
behavioral, and cognitive outcome measures

Validity of the GOS-E Peds is evidenced by a strong
positive correlation of the GOS-E Peds at both 3 and 6
months with the gold standard GOS (respectively, 0.865
and 0.824, p<0.001) and the VABS composite (respectively,
—0.645 and -0.746; p<0.001). For the VABS composite
score, the correlation of the GOS-E Peds was improved
over the moderate correlation of the GOS with the VABS.
Criterion-related validity that compared the same time
point (i.e., concurrent validity) demonstrated a strong
inverse correlation with 3 and 6 month outcome measures
(Table 3). In all functional domains, the strength of the
correlation was greater for the GOS-E Peds than for
the GOS, indicating that the pediatric version explains more
variance than the original GOS.

For predictive validity, similar procedures were applied
(Table 4) to examine the correlation between the 3 month GOS
and GOS-E Peds scores and the 6 month test measures. With
the 6 month VABS composite score, the GOS-E Peds correla-
tion was —0.687 (p<0.001) and improved over the GOS
(—0.549; p <0.001). The moderate-to-strong correlation for the
GOS-E Peds was also higher than the GOS with 6 month 1Q,
processing speed, and CPRS rating scores.

Discriminant validity of the 3 and 6 month GOS-E Peds,
examined by comparison with the premorbid VABS Adaptive
Behavior Composite and the CPRS scores, is demonstrated by
the moderate-to-weak correlations (0.47 to 0.001) with only 3
of thel4 coefficients falling >0.30.

TABLE 2. MEAN AND STANDARD DEVIATION
ScorEs OF OUTCOME TEST SCORES

3 month 6 month
Mean+SD Mean+SD

Vineland Adaptive Behavior Scales

Communication SS 97.8+15.2 97.6+17.4
Daily Living SS 9734182 94.7+21.1
Socialization SS 98.4+15.2 98.6+17.1
Motor Skills SS 33.1+£50.8 36.0+52.8
Adaptive Behavior Composite 96.8+17.8 9551234
Conners’ Parent Rating Scale
Conduct Problem T 51.5+13.0 51.3+14.3
Learning Problem T 56.6+15.8 56.6+17.1
Psychosomatic T 55.7+14.6 52.9+14.0
Impulsive Hyperactive T 53.8+12.1 522+12.9
Anxiety T 51.4+11.1 48.6+9.0
Hyperactive Index 54.6+14.4 54.0+15.6
Bayley
MDI 85.9+223 842+22.1
PDI 88.8+27.9 90.2+38.2
Stanford-Binet 96.0+14.8 96.5+16.1
CVLT Short Delay Free Recall 71+49 74445
CVLT Long Delay Free Recall 71+49  73+45
WISC-III Processing Speed Index 100.0+24.8 96.6+25.0

CVLT, California Verbal Learning Test; WISC, Wechsler Intelli-
gence Scale for Children; SS, Standard Score; T, T score.



PEDIATRIC GLASGOW OUTCOME SCALE-EXTENDED 1129
TaBLE 3. CORRELATION® OF GOS AND GOS-E PEDs wiTH OUTCOME MEASURES AT 3 AND 6 MONTHS
GOS GOS-E Peds
3 Months 6 Months 3 Months 6 Months
Instruments Is 95% CI Is 95% CI Is 95% CI Is 95% CI
Vineland Adaptive Behavior Scales
Communication SS —-0.436* -0.56, —0.27 -0.494* -0.62, —0.30 —-0.549* -0.64, —0.39 -0.669* —0.76, —0.54
Daily Living Skills SS -0.333* -048, -0.16 -0.485* -0.62, —0.31 -0.460* -0.59, -0.31 -0.613* -0.73, —0.47
Socialization SS -0.410* -0.57, -0.28 -0.475* -0.61, —0.29 -0.558* -0.63, —0.37 -0.652* —0.78, —0.56
Motor Skills SS -0417" -0.66, —0.19 -0.742* -0.84, —0.52 -0.547* -0.71, —0.28 —0.842* -0.90, —0.68
Adaptive Behavior -0.478* -0.60, —-0.33 —-0.561* —0.68, —0.40 —0.645* -0.71, —049 -0.746* —0.83, —0.66
Composite SS
Bayley Scales of Infant Development-2 (ages <2.5 years)
Mental Development -0.652* -0.78, —0.35 -0.660* —-0.90, —0.60 —0.734* -0.84, —0.50 -0.709* -0.89, —0.58
Index
Psychomotor -0.654* -0.79, -0.39 -0.747* -091, -0.65 -0.736* -0.85, —0.53 —-0.817* -0.93, —-0.71
Development Index
Stanford-Binet Intelligence Scale-IV (ages >2.5 years)
Composite Score —-0.415* -0.56, —0.22 -0.528* -0.66, —0.32 —0.564* -0.69, —042 -0.675* —0.76, —0.48
Conners’ Parent Rating Scale
Conduct Problem T 0.192 -0.12,0.30 0.105 -0.16 0.32 0.220 -0.07,0.34 0.152 -0.05, 0.42
Learning Problem T 0.368*  0.09, 0.48 0.376*  0.20 0.61 0.421*  0.18, 0.55 0.472*  0.37,0.71
Psychosomatic T 0.198 -0.16, 0.27 0.084 -0.19 0.30 0.218 -0.10, 0.31 0.097 -0.09, 0.38
Impulsive Hyperactive T 0.180 —0.12, 0.30 0.191 -0.030.44 0.246 -0.02, 0.38 0.281" 0.09, 0.53
Anxiety T 0.079 -0.14,0.28 0.063 -0.15,0.33 0.113  -0.10,0.31 0.034 -0.21,0.27
Hyperactive Index T 0.233 -0.02,0.38 0.312%  0.06, 0.51 0.234*  0.04, 0.44 04724 0.25, 0.64
CVLT-C Short Delay —-0.448* -0.63, —0.25 0.524* -0.70, —-0.32 -0.421* -0.60, —0.21  0.368* -0.61, —0.17
Free Recall T Score
CVLT-C Long Delay -0.414* -0.61, -0.24 -0.491* -0.67, —0.26 —0.407* -0.62, —0.25 -0.448* -0.59, -0.13
Free Recall T Score
WISC-III Processing -0.527* -0.67, -0.31 -0.592* -0.75, -0.36 -0.570* -0.71, -0.37 -0.593* -0.75, —0.37

Speed Index

“Correlation by Spearman’s rho (r).
*<0.001; Tp<0.01; *p<0.05.

GOS, Glasgow Outcome Scale; GOS-E Peds, Glasgow Outcome Scale-Extended Pediatric; CVLT-C, California Verbal Learning Test-Child;
WISC-III, Wechsler Intelligence Scale for Children, 3rd Edition; SS, Standard Score; T, T score.

Relationship of the GOS-E Peds to severity of injury

There was a strong correlation between the GOS and
GOS-E Peds (Table 5) as well as between the GOS-E Peds
with other outcome measures by severity of TBI at the 3 and
6 month time points. The correlation of the GOS-E Peds
with outcome measures at 3 and 6 months by severity of
TBI is presented in Tables 6 and 7. In the mild injury group,
correlation of the GOS-E Peds with the VABS was higher
than that for the GOS with the VABS in nearly all test do-
mains. The correlations with VABS increased at 6 months’
follow-up. In this case, moderate correlations were noted
with overall everyday functional abilities measured by the
VABS Adaptive Behavior Composite. In contrast, the GOS-
E Peds’ correlation with other behavioral outcome mea-
sures was more variable, ranging from a minimal correla-
tion with CPRS measures of impulsivity and conduct
problems to a moderate correlation with learning problems.
These correlations reached statistical significance at 3
months but not at 6 months.

The moderate TBI group demonstrated the weakest corre-
lations, likely because of the small number of subjects in this
group. Weak-to-moderate correlations were observed at 3 and

6 months’ follow-up. Statistical significance was only reached
for the Stanford-Binet at 3-months, and the Bayley Motor In-
dex at 6-months.

In the severe injury group, correlation of the GOS-E Peds
with the VABS and other measures were moderate to high,
and greater than those for the GOS in nearly all domains at
both follow-up time points. A high correlation (>0.7) was
observed for overall adaptive behavior. More focused be-
havior-related scores (i.e., CPRS) correlated weakly with the
GOS-E Peds in severely injury patients at 3 months, but in-
creased at 6 months’ follow-up. Specifically, the GOS-E Peds
was highly correlated with overall behavior, reaching statis-
tical significance for measures of learning, impulsivity, and
overall hyperactivity.

Changes in GOS-E Peds categories among
premorbid status, 3, and 6 months by severity

Assessments at 3 and 6 months were available for 103
subjects. Table 8 presents the correlations between the
change in the GOS-E Peds and GOS versus the change in
the premorbid VABS and the CPRS by severity of TBI. At 3
month follow-up (Table 8), the change in GOS-E Peds for
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TABLE 4. CORRELATION" OF GOS AND GOS-E PEDS AT 3 MONTHS WITH OUTCOME MEASURES AT 6 MONTHS

GOS (3 Months)

GOS-E Peds (3 Months)

Instruments (6 Months) T 95% CI T 95% CI
Vineland Scales of Adaptive Behavior
Communication SS —0.481* -0.61, —0.28 —-0.616* -0.71, -0.43
Daily Living Skills SS —0.451* -0.59, -0.25 —0.540* —-0.65, —0.34
Socialization SS —-0.468* -0.60, —0.27 —-0.598* -0.70, —0.42
Motor Skills SS —0.660* -0.79, —0.38 —0.784* -0.87, —0.58
Adaptive Behavior Composite SS —0.546* -0.67, —0.37 —-0.687* -0.77, —=0.53
Bayley Scales of Infant Development-2 (ages <2.5 years)
Mental Development Index —0.646* -0.87, —0.51 -0.701* -0.86, —0.47
Psychomotor Development Index —-0.727* -0.85, —0.46 —0.740* -0.87, —=0.51
Stanford-Binet Intelligence Scale-IV (ages >2.5 years)
Stanford-Binet Composite Score —0.523* -0.65, —0.27 -0.635* -0.74, —0.43
Conners’ Parent Rating Scale
Conduct Problem T 0.098 -0.14, 0.35 0.137 -0.09, 0.39
Learning Problem T 0.390% 0.15, 0.59 0.459* 0.26, 0.65
Psychosomatic T 0.047 —-0.16, 0.33 0.059 —-0.14, 0.35
Impulsive Hyperactive T 0.215 -0.01, 0.47 0.320° 0.11, 0.55
Anxiety T 0.007 —-0.26, 0.24 —-0.009 -0.29, 0.20
Hyperactive Index T 0.274* 0.05, 0.52 0.361" 0.17, 0.59
CVLT-C
Short Delay Free Recall (SDFR) —0.449* —-0.64, —0.19 —-0.421* -0.62, -0.16
Long Delay Free Recall (LDFR) —-0.414* -0.57, —=0.09 —0.406* -0.56, —0.07
WISC-III Processing Speed Index —-0.537* -0.74, -0.35 -0.639* -0.78, —0.42

“Correlation by Spearman’s rho (7).
*p<0.001; Tp<0.01; *p<0.05.

GOS, Glasgow Outcome Scale; GOS-E Peds, Glasgow Outcome Scale-Extended Pediatric; CVLT-C, California Verbal Learning Test-Child;
WISC-III, Wechsler Intelligence Scale for Children, 3rd Edition; SS, Standard Score; T, T score.

the mild TBI group was weakly correlated with the VABS
and CPRS change scores. In contrast, moderate correlations
were noted for moderate and severe groups. At 6 months
(Table 9), stronger associations were found when the GOS-
E Peds versus VABS change scores were examined in the
severe group, and mild group comparisons became mod-
erately correlated.

Table 10 shows the results of change scores calculated be-
tween 3 and 6 month outcome variables correlated with the
GOS and the GOS-E Peds with respect to sensitivity to re-
covery from TBL In this case, the GOS-E Peds showed an
advantage over the GOS. Weak but significant associations on
measures of functional ability, intelligence scales for younger
children, and memory ability were demonstrated for the
GOS-E Peds. As with most previous comparisons, the GOS-E
Peds showed a stronger correlation with the VABS than did
the GOS at both time points.

Sensitivity of the GOS-E Peds to outcome in younger
versus older children grouped by TBI severity

To assess the ability of the GOS-E Peds to characterize
children across childhood, we examined the correlation co-
efficients between younger (<2.5 years) and older (>2.5
years) children in each severity group. As noted earlier and
represented in Tables 3 and 4, assessment for younger versus
older children required different instruments. At the 3 month
time point the GOS-E Peds was moderately to highly corre-
lated with the IQ scores for both younger (i.e., BSID-2 Mental
and Psychomotor Development Index) and older children
(i.e., SB-IV Composite Score) within the mild injury severity
group, and highly correlated with both age groups of children
who experienced moderate and severe injury. At 6 months,
the relationship between instruments was stronger for all in-
jury groups across the age range.

TABLE 5. CORRELATION OF THE GOS AND GOS-E PEDS BY SEVERITY OF INJURY

Mild (GCS =13)

Moderate (GCS 9-12) Severe (GCS <8)

r p-value 95% CI r p-value 95% CI r p-value 95% CI
GOS & GOS-E (3-month)  0.698  <.0001 0.529,0.810 0.769 <0.001 0.420, 0911 0.885 <.0001 0.820, 0.925
GOS & GOS-E (6-month) 0.708 <0.001  0.414, 0.861 0.698 0.002 0.307,0.877 0.807 <.0001 0.704, 0.874

GOS, Glasgow Outcome Scale; GOS-E Peds, Glasgow Outcome Scale-Extended Pedjiatric.
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TABLE 6. CORRELATION” OF 3-MoNTH GOS aND GOS-E PEDS WiTH OUTCOME MEASURES BY SEVERITY OF TBI
Mild (GCS =13) Moderate (GCS 9-12) Severe (GCS <8)
GOS GOS-E Peds GOS GOS-E Peds GOS GOS-E Peds
T T T T T T
Instruments 95% CI 95% CI 95% CI 95% CI 95% CI 95% CI
VABS
Communication SS -0.313* -0.376" 0.000 -0.119 -0.374" -0.575*
—-0.54, -0.03 -0.59, -0.10 -0.51,0.51 -0.59, 0.42 -0.57, -0.12 -0.72, —0.37
Daily Living Skills SS 0.085 -0.154 0.232 0.072 —0.424* —0.584*
—-0.20, 0.35 —-0.41, 0.13 —-0.33, 0.66 —0.46, 0.56 -0.61, —0.18 -0.73, —0.38
Socialization SS -0.344* -0.504* -0.193 -0.148 -0.316* -0.431*
-0.57, -0.07 -0.68, —-0.26 —-0.64, 0.36 —0.61, 0.40 —-0.53, -0.06 -0.62, —0.19
Motor Skills SS -0.342 -0.410 -0.258 -0.600 -0.504* -0.637"
—-0.68, 0.13 —-0.72, 0.05 —-0.97, 094 -0.99, 0.88 -0.76, —0.09 -0.83, —0.28
Adaptive Behavior Composite SS  —0.277* —0.475* 0.039 —-0.099 —0.452* —-0.651*
—-0.51, 0.00 -0.66, —0.22 -0.48,0.54 -0.58, 0.44 -0.63, —0.22 -0.78, —0.47
CPRS
Conduct Problem T 0.033 0.287 0.634 0.647 —-0.067 -0.156
—-0.30, 0.36 —-0.06, 0.56 -0.17, 092 -0.15, 0.92 —-0.38, 0.26 —-0.45, 0.17
Learning Problem T 0.286 0.535* 0.504 0.283 —-0.005 0.048
—-0.06, 0.56 0.24, 0.73 —-0.34, 0.88 -0.54, 0.82 -0.32, 0.32 —-0.28, 0.36
Psychosomatic T 0.291 0.500 0.063 0.298 0.051 0.004
-0.05, 0.57 0.19, 0.71 -0.67,0.73 -0.53, 0.82 -0.27, 0.36 -0.32, 0.32
Impulsive Hyperactive T —-0.004 0.256 0.507 0.401 -0.230 -0.215
—-0.34, 0.33 —-0.09, 0.54 —-0.34,0.89 -0.45, 0.85 -0.51, 0.10 -0.50, 0.12
Anxiety T 0.079 0.330* 0.319 0.560 —-0.008 —-0.052
—-0.26, 0.40 -0.01, 0.59 -0.51, 0.83 -0.28, 0.90 —-0.33, 0.31 -0.36, 0.27
Hyperactive Index T 0.248 0.437% 0.507 0.479 —-0.099 —-0.098
-0.10, 0.53 0.12, 0.67 —-0.34,0.89 -0.37, 0.88 -041,0.23 —-0.40, 0.23
Bayley Scales
MDI —-0.433 -0.613¢ -0.775 —0.800 —0.650" -0.711*
-0.77, 0.12 -0.85, —-0.12 -0.99, 0.78 -0.99, 0.76 —-0.85, -0.24 -0.88, —0.35
PDI -0.414 -0.614" —-0.258 —0.600 —0.745* —0.834*
-0.76, 0.14 -0.85, —-0.13 -0.97,0.94 -0.99, 0.88 -0.89, -041 -0.93, —0.59
Stanford-Binet .
-0.015 —-0.286 -0.523 -0.675* -0.315* —-0.523*
—-0.34, 0.31 —-0.56, 0.05 -0.85,0.14 -0.90, -0.09 -0.56, —0.01 -0.71, —0.26
CVLT SDFR —-0.305 -0.071 -0.211 —-0.346 —0.542" —-0.606*
-0.61, 0.09 —-0.44, 0.32 —-0.76, 0.54 -0.81, 0.43 -0.75, -0.23 -0.78, —0.32
CVLT LDFR -0.359 —-0.260 -0.156 -0.318 -0.547" —-0.637*
—-0.65, 0.03 —-0.58, 0.14 —-0.74, 0.57 -0.80, 0.46 -0.75, -0.24 -0.80, —0.36
WISC PSI 0.137 -0.122 —-0.520 —-0.509 —-0.715* -0.771*
—-0.26, 0.49 -0.48, 0.27 -0.87,0.25 -0.87, 0.26 —-0.86, —0.46 -0.89, —0.55

“Correlation by Spearman’s rho (7).
*p <0.001; ¥ p <0.01; *p <0.05.

GOS, Glasgow Outcome Scale; GOS-E Peds, Glasgow Outcome Scale-Extended Pediatric; GCS, Glasgow Coma Scale; VABS, Vineland
Adaptive Behavior Scales; SS, Scale Score; T, T-score; CPRS, Conners’ Parent Rating Scale; CVLT-C, California Verbal Learning Test-Child;
WISC-IIL, Wechsler Intelligence Scale for Children, 3rd Edition; SDFR, Short Delay Free Recall; LDFR, Long Delay Free Recall; PSI, Processing
Special Index; MDI, Mental Development Index; PDI, Psychomotor Development Index.

In Table 11, VABS results are compared because the in-
strument is appropriate for the entire age range. The GOS-E
Peds was moderately to highly correlated in the older age
group. In contrast, among the younger children, the GOS-E
Peds demonstrated a stronger correlation at 6 months than at
3 months post-injury.

Discussion

Jennett and Bond (1975) developed the GOS to encompass
areas of major life functions, with a categorical scale of 1 to 5
used to characterize overall disability after TBI. The lack of

sensitivity to specific deficits and variability within the cat-
egory scores led to the subsequent development of the GOS-
E. (Wilson et al., 1998) These investigators established the
inter-rater reliability of the GOS-E structured interview
among three raters (x=0.85) in a group of subjects having
varied injury severity. The validity of the GOS-E has been
investigated within the context of the World Health Orga-
nization classifications of impairment, disability, and hand-
icap (Teasdale et al., 1998). Levin and associates (2001)
assessed the validity of the interview-based GOS-E in adults
by comparing it to standardized performance-based mea-
sures (i.e., neuropsychological tests) at 3 and 6 months. Their
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TABLE 7. CORRELATION' OF 6-MoNTH GOS AND GOS-E PEDS WiTH OUTCOME MEASURES BY SEVERITY OF TBI
Mild (GCS >13) Moderate (GCS 9-12) Severe (GCS <8)
GOS GOS-E Peds GOS GOS-E Peds GOS GOS-E Peds
Ts Is I Is Is Is
Instrument 95% CI 95% CI 95% CI 95% CI 95% CI 95% CI
VABS
Communication SS —0.450* —0.579" 0.337 0.061 —0.449* —0.690*
-0.74, 0.00 -0.81, 0.17 -0.20,0.71 -0.45, 0.54 -0.63, —0.21 -0.80, —0.52
Daily Living Skills SS -0.219 -0.322 0.253 -0.126 -0.561* —0.685*
-0.60, 0.25 -0.66, 0.15 -0.29, 0.66 —0.58, 0.40 -0.71, —0.35 -0.80, —0.51
Socialization SS —0.463* -0.513* 0.197 -0.324 —0.469* —0.702*
-0.75, -0.01 -0.77, —0.08 -0.34,0.62 -0.70, 0.21 -0.65, —0.23 -0.81, —0.54
Motor Skills SS -0.524 -0.703* -0.354 -0.335 -0.711* -0.867*
-0.86, 0.19 -0.92, —0.09 -0.94,0.79 -0.93,0.79 -0.86, —0.41 -0.94, -0.70
Adaptive Behavior Composite S5 —0.498* -0.670" 0.282 -0.283 -0.570* -0.773*
-0.77, —0.06 -0.85, —0.31 -0.26,0.68 —0.68, 0.26 -0.72, —0.36 —0.86, —0.64
CPRS
Conduct Problem T 0.230 0.251 - 0.268 0.066 0.187
-0.38, 0.69 -0.36, 0.70 - -0.41, 0.74 -0.26, 0.38 -0.15, 0.48
Learning Problem T 0.460 0.425 - 0.374 0.469" 0.592*
—-0.14, 0.80 -0.18, 0.78 - -0.31, 0.79 0.16, 0.68 0.32, 0.77
Psychosomatic T 0.433 0.349 - 0.038 —-0.055 0.015
-0.17, 0.79 -0.26, 0.75 - —0.58, 0.62 -0.37,0.28 -0.31, 0.34
Impulsive Hyperactive T 0.143 0.214 - -0.112 0.175 0.334*
—0.45, 0.64 -0.39, 0.68 - -0.66, 0.53 -0.16, 0.47 0.01, 0.59
Anxiety T 0.229 -0.170 - 0.076 0.087
-0.38, 0.69 -0.66, 0.43 - —0.55, 0.64 -0.24, 0.40 -0.31, 0.33
Hyperactive Index T 0.342 0.287 - 0.224 0.285 0.487 *
-0.27,0.75 -0.32,0.72 - -0.44, 0.72 -0.05, 0.55 0.19, 0.70
Bayley Scales
MDI -0.577 -0.577 -0.354 -0.783 -0.826* —0.728"
—-0.90, 0.25 -0.90, 0.25 -0.94,0.79 -0.98, 0.41 -094, —0.52 -0.90, —0.32
PDI -0.577 —0.866" -0.707 —0.894* —0.892* -0.812*
-0.90, 0.25 -097, -036 -0.97,053 -0.99, -0.05 -096, —0.68 -0.93, —0.49
Stanford-Binet -0.610* -0.560* - -0.374 -0.508* -0.676*
-0.86, —0.09 -0.83, —0.02 - -0.79, 0.31 -0.70, —0.24 -0.81, —047
CVLT SDFR 0.595 0.844" - 0.395 -0.57866* -0.513"
-0.23, 0.91 0.29, 0.97 - -0.33, 0.81 -0.76, —0.30 -0.72, —0.21
CVLT LDFR 0.504 0.444 - 0.351 —0.540* —0.467"
—0.34, 0.88 -0.41, 0.87 - -0.37, 0.30 -0.74, —024 -0.69, —0.15
WISC PSI - 0.258 - -0.577 -0.573* —0.584*
- -0.94, 0.97 - -0.90, 0.25 -0.76, —0.28 -0.77, —0.29

*Correlation by Spearman’s rfio (7).
*p <0.001; Tp <0.01; *p <0.05.

GOS, Glasgow Outcome Scale; GOS-E Peds, Glasgow Outcome Scale-Extended Pediatric; GCS, Glasgow Coma Scale; VABS, Vineland
Adaptive Behavior Scales; SS, Scale Score; T, T-score; CPRS, Conners” Parent Rating Scale; CVLT-C, California Verbal Learning Test-Child;
WISC-III, Wechsler Intelligence Scale for Children, 3rd Edition; SDER, Short Delay Free Recall; LDFR, Long Delay Free Recall; PSI, Processing
Special Index; MDI, Mental Development Index; PDI, Psychomotor Development Index.

results indicated that the GOS-E provided a valid measure of
outcome at 3 months and was also more sensitive to change
than the GOS, establishing the GOS-E as the gold standard
for assessing outcome after TBI in adults (Levin et al., 2001).
Although the structured interview format minimized the
subjectivity of the GOS-E, the instrument still lacked the
developmental specificity needed to evaluate individuals
<16 years of age (Pettigrew et al., 1998). Acknowledging this
limitation and need for a global outcomes measures for
clinical trials in pediatric TBI, we modified the original
structured interview to create the GOS-E Peds and assessed
the validity of this revision.

The current study demonstrates that the GOS-E is an im-
provement over the GOS as a valid measure of overall out-

come of infants, toddlers, and children after TBI across the
injury spectrum. As expected, the GOS-E Peds is highly cor-
related with its parent instrument, the GOS. Importantly, in
this sample of infants, toddlers, and young children, the
concurrent and predictive validity analyses indicate that the
GOS-E Peds is an improvement over the GOS in relation to the
VABS, a commonly used and developmentally appropriate
parent rating of daily living skills, and other measures of
functional outcome and behavioral surveys at both 3 and 6
months post-injury. Our findings for measures of cognitive
status, including intellectual ability, memory and learning,
and processing speed were mixed. Although the GOS-E Peds
showed a stronger relationship than the GOS with IQ and
processing speed, the instrument did not improve upon the
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TABLE 8. CORRELATION® OF CHANGE IN THE PREMORBID AND 3-MONTH SCORES FOR THE VINELAND AND CONNERS’
VERSUS THE 3-MONTH GOS AND GOS-E PEDs BY SEVERITY OF TBI

Mild (GCS >213) Moderate (GCS 9-12) Severe (GCS <8)
GOS GOS-E Peds GOS GOS-E Peds GOS GOS-E Peds
I's I's I's I's Is Is
Instrument 95% CI 95% CI 95% CI 95% CI 95% CI 95% CI
VABS
Communication SS -0.333 -0.183 —0.076 0.029 -0.410* —0.526*
-0.71,0.28 —0.54, 0.23 —0.64,0.55 —-0.58,0.62 -0.64, —0.09 -0.72, —0.24
Daily Living Skills SS 0.042 0.044 0.375 0.81F -0.389% —0.523*
-0.36, 043 —0.36, 0.43 -0.31,0.79 -0.38,095 -0.63, —-0.06 -0.72, —0.23
Socialization SS -0.181 —0.259 0.000 0.138 -0.239 —0.322%
-0.53,0.23 -0.59, 0.16 -0.60,0.60 -0.51,0.68 -0.52, —0.10 -0.59, 0.01
Motor Skills SS —0.448 —0.558* 0.258 0.400 0.005 0.018
-0.78,0.13 -0.83, —-0.02 -0.94,097 -092,098 -0.53,0.53 -0.52, 0.54
Adaptive Behavior Composite SS  —0.285 -0.235 0.112 0.437 -0.363* -0.474"
-0.61,0.13 -0.57, 0.18 -0.53,0.66 -0.24,081 -0.61, -0.03 -0.69, —0.17
CPRS
Conduct Problem T -0.306 -0.072 - - 0.119 —0.002
-0.71,0.28 -0.58, 0.48 - - -0.32, 0.51 -0.42,042
Learning Problem T 0.456 0.247 - - 0.138 0.065
-0.12,0.79 -0.33, 0.68 - - -0.30, 0.53 -0.37, 047
Psychosomatic T —0.044 0.000 - - 0.109 0.008
-0.56, 050 —0.53, 0.53 - - -0.33, 0.51 -0.41, 043
Impulsive Hyperactive T -0.262 -0.327 - - -0.423¢ -0.432*
-0.69,032 -0.72,0.26 - - -0.71, 0.01 -0.72, —0.00
Anxiety T 0.229 -0.170 - —0.045 -0.231
-0.38,0.69 —0.66, 0.43 - - —0.46, 0.38 -0.59, 0.22
Hyperactive Index T 0.390 0.209 - - 0.110 -0.01"
-0.19,0.76 —0.37, 0.66 - - -0.33, 0.51 -0.41, 043

*Correlation by Spearman’s rho (7).
*p<0.001; Tp<0.01; *p<0.05.

GOS, Glasgow Outcome Scale; GOS-E Peds, Glasgow Outcome Scale-Extended Pediatric; GCS, Glasgow Coma Scale; VABS, Vineland
Adaptive Behavior Scales; CPRS, Conners’ Parent Rating Scale; SS, Standard Score; T, T score.

GOS with respect to evaluating either current memory ability
or predicting future memory performance. This is an impor-
tant finding, because it suggests how the current structured
GOS-E Peds interview can be improved to increase validity.

All pediatric instruments face the challenge of evaluating
children at differing stages of development. Stratification of
our sample on age revealed that the GOS-E Peds has some
advantage for assessing outcome in children >2.5 years, both
3 and 6 months after injury. For infants and toddlers, the
pediatric revision was highly correlated with abilities at 6
months post-injury; however, variability was noted at 3
months for some functional abilities assessed by parent re-
port. Although the GOS-E Peds showed improvement over
the GOS in assessing overall adaptive and motor skills, an
important exception was noted for communication and daily
living skills at 3 months post-injury. Perhaps parents found
characteristics such as vocalizations, eating behaviors, un-
derstanding environmental demands (e.g., a soiled diaper),
and appropriate self-care difficult to evaluate in very young
children who had experienced TBI. This may be because the
range of “normal” behavior in the youngest children is broad
(e.g., toilet training accomplished between the ages of 2 and
3V years is within normal limits). Alternatively, it may be
especially difficult for parent to assess changes in the speed of
development of new skills that sometimes occurs after pediatric
TBI as opposed to the improvement of already established skills, as
with older children and adults.

Because the GOS-E Peds characterizes behaviors that can
be found in some children without brain injury (e.g., typical
school problems; subclinical attention difficulties) it is im-
portant to determine that the instrument can actually distin-
guish between behaviors frequently found in typically
developing children and those who have experienced overt
brain injury. In this case, our study found the discriminant
validity of the GOS-E Peds to be acceptable. In all functional
domains, the relationship between premorbid behavior and
post-injury functional outcome was weak, especially at 6
months post-injury. This finding is consistent with the report
by Yeates and associates (1997) that retrospective parent rat-
ings of premorbid school performance were associated with
outcome after both TBI and orthopedic injury in children aged
6-12 years. Therefore, a strength of this study is that it pro-
vides information regarding discriminant as well as concur-
rent and predictive validity of the GOS-E Peds when
compared not only with the most widely used categorical
measures of outcome in TBI, the GOS, but also with the VABS
and other standardized, performance-based cognitive in-
struments. Murphy and Davidshofer (1991) deem all three
types of validity necessary to establish the overall clinical
utility of any instrument.

Based on this study, the GOS-E Peds offers advantages
over the PCPC. Although the concurrent and discriminant
validity of the PCPC have been described, this work in-
cluded only severely ill children and lacked the degree of



TaBLE 9. CORRELATION? OF CHANGE IN THE PREMORBID AND 6-MONTH SCORES FOR THE VINELAND
AND CONNERS’ WITH THE 6-MONTH GOS AND GOS-E PEDS BY SEVERITY OF TBI

Mild (GCS 213)

Moderate (GCS 9-12)

Severe (GCS <8)

GOS GOS-E Peds GOs GOS-E Peds GOS GOS-E Peds
rS rS rS rS rS rS
Instrument 95% CI 95% CI 95% CI 95% CI 95% CI 95% CI
VABS
Communication SS -0.155 -0.357 0.050 0.305 -0.673* —-0.665*
-0.69,037 -0.75,026 —0.57,0.63 -0.37,0.76  -0.82, -0.42 -0.82, —0.41
Daily Living Skills SS —-0.231 —-0.134 0.501 0.374 —0.654* —0.557*
-0.69,037 -0.63,045 -0.17,0.84 -031,079 -0.82, -042 -0.75, -0.25
Socialization SS -0.309 —0.446 0.401 0.372 -0.537" -0.467"
-073,030 -0.79,016 -028,080 -0.38076 -0.74, -022 -0.70, —0.13
Motor Skills SS = = 0.258 0.738 -0.531 -0.488
= = -0.94,097 -0.81,0.99 -0.83, 0.05 -0.81, 0.11
Adaptive Behavior Composite SS  —0.387 —-0.380 0.452 0.471 —0.662* —0.588*
-0.77,022 -0.76,023 -022,0.82 -020,08 -0.82, -039 -0.78, —0.29
CPRS
Conduct Problem T -0.283 0.125 - - 0.411 0.469*
-0.82,054 —-0.64,0.76 - - -0.04, 0.71 0.04, 0.74
Learning Problem T 0.439 0.291 - - 0.552" 0.323
-041,0.87 —-0.54,0.82 - - 0.14, 0.79 -0.13, 0.66
Psychosomatic T 0.415 0.494 - - 0.219 0.044
-0.43,086 -0.35,0.88 - - -0.24, 0.59 —-0.39, 0.47
Impulsive Hyperactive T -0.510 0.000 - - 0.155 0.181
-0.89,034 -0.70,0.70 - - -0.30, 0.55 -0.28, 0.57
Anxiety T 0.595 -0.281 - -0.041 -0.368
-0.23,091 -0.82,0.54 - - -0.40, 0.46 -0.69, 0.08
Hyperactive Index T 0.249 0.219 - - 0.594" 0.481*
-0.56,0.81  -0.58,0.79 - - 0.20, 0.81 0.05, 0.75

* Correlation by Spearman’s rho (7).
*p<0.001; Tp<0.01; *p<0.05.

GOS, Glasgow Outcome Scale; GOS-E Peds, Glasgow Outcome Scale-Extended Pediatric; GCS, Glasgow Coma Scale; VABS, Vineland
Adaptive Behavior Scales; CPRS, Conners’ Parent Rating Scale; SS, Standard Score; T, T score.

TaBLE 10. CORRELATION' OF CHANGE IN THE 3- AND 6-MONTH SCORES FOR THE VINELAND
AND CONNERS’ WITH THE 6-MONTH GOS AND GOS-E PEDSs

GOS GOSE-Peds
Instrument T 95% CI T 95%CI
Vineland Adaptive Behavior Scales

Communication SS -0.118 -0.33, 0.11 -0.216 -0.41, 0.01

Daily Living Skills SS -0.013 -0.23,0.21 -0.223¢ —0.42, 0.00

Socialization SS -0.229°¢ -043, -0.01 -0.181 -0.38, 0.04

Motor Skills SS -0.077 -0.41, 0.28 -0.162 —0.48, 0.20

Adaptive Behavior Composite SS -0.139 —-0.35 0.08 —-0.257¢ —-0.45, —0.04
Conners’ Parent Rating Scale

Conduct Problem T 0.229 —0.07 0.48 0.121 -0.18, 0.40

Learning Problem T 0.026 -0.27, 0.31 -0.104 -0.38, 0.19

Psychosomatic T 0.064 -0.232, 0.35 0.153 —-0.15, 0.42

Impulsive Hyperactive T 0.021 -0.27, 0.31 -0.056 -0.34, 0.24

Anxiety T -0.218 —0.48 0.08 -0.097 —-0.38, 0.20

Hyperactive Index T —-0.081 -0.36, 0.22 -0.093 -0.37, 0.20
Bayley Scales of Infant Development-2

(ages < 2.5 years)

Mental Development Index 0.213 —-0.194, 0.55 —-0.047 -0.43, 0.35

Psychomotor Development Index -0.250 -0.58, 0.16 —0.424° -0.69, —0.04
Stanford-Binet (ages = 2.5 years)

Composite Score -0.147 -0.39, 0.11 -0.234 —0.46, 0.03
CVLT Short Delay Free Recall T Score —0.087 -0.38, 0.22 -0.201 -0.47,0.11
CVLT Long Delay Free Recall T Score -0.331°¢ -0.57, —0.03 -0.300 -0.55, 0.01
WISC-III Processing Speed Index -0.147 —-0.47,0.22 -0.203 -0.51, 0.16

GOS, Glasgow Outcome Scale; GOS-E Peds, Glasgow Outcome Scale-Extended Pediatric; SS, Standard Score; T, T score.
fCorrelation by Spearman’s rho (r,). Statistical significance: * p < 0.001; ® p < 0.01; < p < 0.05.
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rigor deemed essential in establishing validity (Fiser, 1992).
Fiser assessed the relationship between the PCPC and mea-
sures “commonly employed terms for describing morbidity
and severity of ... injury” (p. 69) rather than with the parent
GOS and with standardized, performance-based instru-
ments that provide objective measures of cognitive status. In
a second study again completed with children discharged
from intensive care units, the PCPC’s predictive validity at 1
and 6 month follow-up, most important if an instrument is to
be useful in clinical trials, was assessed only in the context of
the Pediatric Overall Performance Category score (Fiser
etal., 2000). Although the PCPC category scores were shown
to reflect meaningful change in measures of intellectual
ability at hospital discharge, this conclusion was based on
comparisons of group means rather than comparison of in-
dividual scores.

The results of this study demonstrate that the GOS-E
Peds is sensitive to both severity of injury and to recovery
over time, at least for the first 6 months after TBI. Because
the GOS was originally established to assess the effects of
severe TBI, the relationship between both the GOS and the
GOS-E Peds and the spectrum of injury severity is impor-
tant in establishing the clinical utility of the instruments.
Our analyses examined the validity of the GOS-E Peds
overall and within injury severity groups. For those with
mild TBI, results indicate no marked advantage of either
instrument at the 3 month time point. At 6 months, how-
ever, the GOS-E Peds showed a distinct advantage, having
stronger associations with everyday function as measured
by the VABS and with measures of intelligence. This find-
ing suggests that the expanded categories probably are
better able account for the subtle differences in everyday
function associated with milder forms of TBI. Although
sample size was limited, the GOS-E Peds showed a strong
association with intelligence, especially in younger chil-
dren. For infants and children with severe TBI, the pediatric
revision of the GOS-E showed a distinct advantage in
comparison to the GOS. In this case, the child-centered in-
terview format, in addition to expanded categories, prob-
ably accounted for the stronger association with everyday
outcome and cognitive abilities.

The increased sensitivity of the GOS-E Peds to change
across the injury spectrum compared with the GOS endorses
the value of using the GOS-E Peds in clinical trials research of
pediatric TBI. Although the two instruments were somewhat
comparable when assessing change between premorbid
function and both post-injury timepoints, the GOS-E Peds
provided optimal information regarding recovery. The
GOS-E Peds was more strongly associated with changes in
functional abilities than was the GOS. Moreover, change in
neuropsychological outcome scores was more commonly
correlated with the GOS-E Peds at 6 months. Similar to the
research findings by Levin and associates (2001), the GOS-E
Peds bears enhanced sensitivity to change within the GOS
disability levels (i.e., severely disabled, moderately disabled,
and good recovery). As researchers increasingly focus on
novel therapeutic interventions to improve outcomes associ-
ated with TBI in pediatric patients, there is a need for an
outcomes measure that can detect changes, even if subtle, in
functional status. Whereas GOS-E Peds allowed for a greater
detection of change within the instrument’s expanded dis-
ability categories than the GOS, research directly comparing
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sensitivity to change between the GOS-E Peds and the VABS
is yet to be completed.

Although this study offered the advantage of prospective
evaluation, we note several limitations. We did not investi-
gate the validity of the GOS-E Peds when administered out-
side the clinical setting or by using a variety of administration
techniques. For example, with the advent of Skype and tech-
nologies used in telemedicine, the GOS-E Peds might be
completed via computer. Inclusion of the subgroup of subjects
with mild TBI, who evidence few TBI symptoms, may have
inflated some of the correlations. However, the persistent
correlations observed after stratifying on severity groups re-
duces the likelihood of significant overestimation. Lastly, this
study did not assess the validity of the GOS-E Peds for use
with other injury groups or the reliability of the instrument
when used by multiple examiners.

Conclusion

Overall, the results of this study demonstrate the advan-
tages of GOS-E Peds. This instrument showed strong associ-
ation with parent report of functional outcome, including the
VABS, and most performance-based cognitive tests for both
younger and older children, suggesting it can be used to guide
treatment in the early phases of recovery. Because the GOS-E
Peds is a downward extension of the GOS-E, an adult in-
strument with known validity, these two measures of func-
tional outcome can be combined seamlessly in studies of brain
injury across the full developmental spectrum. Today, as
clinical trials are beginning to explore the effects of treatments
past the period of spontaneous recovery, this finding is of
importance.
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APPENDIX A. GLASGOW OUTCOME SCALE-EXTENDED PEDIATRIC VERSION (GOS-E PEDSs) (SUE R. BEERS, PHD,
ANNA SkoLD, MS, THoMASs HAHNER, & P. Davip ADELSON, MD CHILDREN’S HOSPITAL OF PITTSBURGH)

Information obtained (select one): [ In person
O By phone
OO0 From records
NOTE: Only problems that have developed or become markedly worse since the head injury should be considered when
completing the GOS-E Peds. That is, the child’s premorbid status must be weighed when answering all questions.

1. CONSCIOUSNESS

1a) Is the head-injured person able to obey simple commands or say any words?
Or for younger patients ...
Can he or she act/react/interact beyond reflexes? O No O Yes (Skip to 2.)
|
Vegetative State (VS)
Skip to end of form and record GOS-
E Peds Score=7.

An individual who shows the ability to obey even simple commands or utter any word or communicate specifically in any other way is no
longer considered to be in a vegetative state. Eye movements are not reliable evidence of meaningful responsiveness; corroborate with
nursing staff and the child’s parents when possible. Confirmation of VS requires full assessment as in the Royal College of Physician
Guidelines. However, for infants, actively following the movement of a parent or people/object with eyes, grasping for objects, making faces,
etc. are interactions; breast feeding and crying continuously can be reflexes.

2. INDEPENDENCE IN THE HOME

2a) Is the assistance of another person at home essential every day for some activities of daily living?

Or for younger patients ...

Is the child dependent upon a caretaker more so than is expected based on age?
O Yes (Go to 2b.) [0 No (Skip to 3.)

For an older child, complete independence and a ‘no” answer should mean that the person can get washed, put on clean clothes without
prompting, prepare food for themselves, deal with callers, and handle minor domestic crises. The person should be able to carry out
activities without needing prompting or reminding, and should be capable of being left alone for an age appropriate period. Young
children should be able to accomplish age appropriate developmental milestones without assistance (see Vineland Daily Living Skills). If a
child compensates for physical disability to the point where developmental milestones are only mildly compromised, question parents to
determine the level of independence (i.e., A child with a hemiparesis who is still able to complete tasks that other children of that age can be
rated as independent).

2b) Does the child need frequent help or for someone to be around at home most of the time?
Or for younger patients ...
Does the child need frequent help from a caretaker to accomplish tasks that a child this age should be able to
accomplish (If child sometimes functions at an age appropriate level, then answer ‘no.”)

O Yes O No
! !
Lower Severe Disability Upper Severe Disability
Skip to end of form and record GOS-E Skip to end of form and record
Peds Score=6. Peds Score=5.

3. INDEPENDENCE OUTSIDE THE HOME

3a) Is the child able to shop and travel without assistance?

Or for younger patients...
Does the child behave age appropriately outside the home?
[0 Yes (Skip to 4.) 0 No
|
Upper Severe Disability
Skip to end of form and record GOS-
E Peds Score=5.
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This item considers activities such as shopping and traveling, always in the context of age appropriate behaviors. This includes being
able to plan what to buy, take care of money, and behave appropriately in public. The individual need not normally shop, but must be able
to do so. A younger child must behave age appropriately in public. An older child may drive or use public transit to get around. Ability to
use a taxi is sufficient, provided the person can phone for it themselves and give instruction the driver. Older children who sometimes
were allowed to travel independently before the injury should be able to walk to a neighbor’s house, take a school bus, ride a bike, or take
public transportation.

4. SCHOOL/WORK

4a) Can the child function at work or in school at his or her previous capacity?
0 Yes (Skip to 5.) J No (Go to 4b.)

If an adolescent was working before the injury, then his or her current capacity for work should be at the same level. If the individual was
seeking work before, then the injury should not have adversely affected chances of obtaining work or the level of work for which he or she is
eligible. If the patient was in preschool or a student before the injury, then capacity for school work and school activities should not be
adversely affected.

4b) Level of restriction:

i) Able to work only in a sheltered workshop or non-competitive job, in a school setting for severely impaired children
or tutored at home, or currently unable to work or go to school.
O Yes 0 No (Go to 4b ii.)
!
Lower Moderate Disability
Skip to end of form and record GOS-E
Peds Score=4.

ii) Reduced work or school capacity.
O Yes
!
Upper Moderate Disability
Skip to end of form and record GOS-E
Peds Score=3.

5. SOCIAL & LEISURE ACTIVITIES

5a) Is the child able to resume regular social and leisure activities?
[0 Yes (Skip to 6.) [0 No (Go to 5b.)

The individual may not have resumed all previous leisure activities, but should not be prevented from doing so by physical or mental
impairment. If he or she has stopped the majority of activities because of loss of interest or motivation, then this is considered a disability. For
younger children, social and leisure activities can include games and toys played with caretakers, siblings or other children as well as the
ability to interact in a playful manner with others.

5b) What is the extent of restrictions on social and leisure activities?

i) Unable to participate: Rarely, if ever, take part. O Yes O No (Go to 5b ii.)

|
Lower Moderate Disability
Skip to end of form and record GOS-E
Peds Score=4.
ii) Participate much less: Less than half as often. O Yes [J No (go to 5b iii.)
!
Upper Moderate Disability
Skip to end of form and record GOS-E
Peds Score=3.
iii) Participate a bit less: At least half as often as before injury. O Yes [0 No (Skip to 6.)
L

Lower Good Recovery
Skip to end of form and record GOS-E
Peds Score=2.
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6. FAMILY & FRIENDSHIPS
6a) Are there psychological problems that have resulted in ongoing disruption with respect to either family or friendships?
0 Yes (Go to 6b.) 0 No (Skip to 7.)

Typical post-traumatic personality changes: quick temper, irritability, anxiety, aggressive acts, insensitivity to others, mood swings,
depression, and unreasonable or childish behavior that is not age appropriate.

6b) What is the extent of disruption or strain?

Lower Moderate Disability
O Constant — daily and intolerable. — Skip to end of form and record GOS-E
Peds Score=4.

Upper Moderate

[0 Frequent — once a week or more, but tolerable. — Disability
Skip to end of form and
record GOS-E Peds

Score=3.

Lower Good Recovery
[0 Occasional — less than weekly. — Skip to end of form and record GOS-E
Peds Score=2.

7. RETURN TO NORMAL LIFE

7a) Are there any other problems relating to the injury that affect daily life?

O Yes O No
! !
Lower Good Recovery Upper Good Recovery
Skip to end of form and record GOS-E Skip to end of form and record
Peds Score = 2. GOS-E Peds Score =1.

Typical problems reported after head injury: headaches, dizziness, tiredness, sensitivity to noise or light, slowness, memory failures,
concentration problems, or other problems.

RECORD GOS-E PEDS Score

SCORE:

Scoring caveat: Remember to consider premorbid status when assigning category scores to an outcome of injury;
problems in functioning should have deteriorated from premorbid level.

8 - Death

7 - Vegetative State (VS)

6 - Lower Severe Disability (Lower SD)

5 - Upper Severe Disability (Upper SD)

4 - Lower Moderate Disability (Lower MD)

3 - Upper Moderate Disability (Upper MD)

2 - Lower Good Recovery (Lower GR)

1 - Upper Good Recovery (Upper GR)

GOS-E Peds Score:

(Adapted from Wilson, Pettigrew, and Teasdale, 1998)



