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Abstract

Objective: Ta.compare the accuracy of the pediatric Glasgow Coma Scale (GCS) score
in preverbal children to the standard GCS score in older children for identifying those
with traumaticbrain injuries (TBIs) after blunt head trauma.

Methods: This'was a planned secondary analysis of a large prospective observational
multicenter cohort study of children with blunt head trauma. Clinical data were recorded
onto case report forms before computed tomography (CT) results or clinical outcomes
were known. The total and component GCS scores were assigned by the physician at
initial ED evaluation. The pediatric GCS was used for children <2 years and the
standard GCS for those 22 years. Outcomes were TBI visible on CT and clinically-
important TBI (ciTBI), defined as death from TBI, neurosurgery, intubation for more than
24 hours forthe head injury, or hospitalization for 2 or more nights for the head injury in
associationwith TBI on CT. We compared the areas under the receiver-operating
characteristic (ROC) curves between age cohorts for the association of GCS and the
TBI outcomes.

Results: We enrolled 42,041 patients of whom 10,499 (25.0%) were <2 years old.
Among patients <2 years, 313/3,329 (9.4%; 95% CI 8.4, 10.4%) of those imaged had
TBls on Cl"and 146/10,499 (1.4%; 95% CIl 1.2, 1.6%) had ciTBIs. In patients >2 years,
773/11,977+(6:56%; 95% CI 6.0, 6.9%) of those imaged had TBIs on CT and 572/31,542
(1.8%; 95% CI 1.7, 2.0%) had ciTBIs. For the pediatric GCS in children <2 years, the
area under the ROC curve was 0.61 (95% CI 0.59, 0.64) for TBl on CT and 0.77 (95%
Cl1 0.73, 0.81).for ciTBI. For the standard GCS in older children, the area under the
ROC curve.was 0.71 (95% CI1 0.70, 0.73) for TBI on CT scan and 0.81 (95% CI 0.79,
0.83) for cilBI.

Conclusions: The pediatric GCS for preverbal children was somewhat less accurate
than the standard GCS for older children in identifying those with TBl on CT. However,
the pediatric GCS for preverbal children and the standard GCS for older children were

equally accurate for identifying ciTBI.
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INTRODUCTION

The Glasgow Coma Scale (GCS) score is one of the most recognized and widely used
tools for assessment of level of consciousness and severity of mental status alteration
in patients with traumatic brain injuries (TBIs) and a variety of other neurological
conditions.. The GCS score is calculated by adding the scores of the following three
componenis: eye response (range 1-4), verbal response (range 1-5), and motor
response (fange 1-6)." The GCS score is used to categorize TBI severity as mild,
moderate;or'severe, is a component of outcome prediction models and is used to guide
therapy.?

Due to the'need for verbal interaction, clinicians cannot use the standard GCS score to
appropriately assess preverbal children. Therefore, the pediatric GCS score is a
modified GCS score for use in preverbal children. The pediatric GCS uses age
appropriate modifications to account for developmental differences in verbal, motor and
cognitive abilities. (Table 1) *°

There hassbeen very limited prospective study, however, of the accuracy of the pediatric
GCS in_identifying young children with TBIs, particularly in the emergency department
(ED) setting. Our prior research at a single ED suggests that the pediatric GCS score in
children 2'years and younger compares favorably with the standard GCS when used for
the evaluationwof blunt head trauma in children.” These data, however, require further
validation insaslarger study.

We previously conducted a large prospective multicenter study to develop and validate
prediction rules.for identifying children with clinically-important TBls (ciTBIs) after blunt
head trauma.® The standard GCS score for older children, and the pediatric GCS score

for childrensyounger than 2 years, were prospectively collected at ED presentation.
In the current sub-analysis of the parent study, we sought to compare the performance

of the pediatric and standard GCS scores for identifying children with TBIs on CT and

ciTBls. The secondary objective was to compare the performance of the individual
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components of the standard and pediatric GCS scores. We hypothesized that the
pediatric GCS score in preverbal children would perform as well as the standard GCS

score in verbal children for identifying those with TBls.

METHODS

Study Design

This wasa'planned secondary analysis of a large prospective observational multicenter
study of children with blunt head trauma. Information about, and methods of the parent
study population are described elsewhere.® The methods specific to this study are
described,below. The study was approved at each site IRB.

Study Setting and Population

The studywasconducted between June 2004 and September 2006 at 25 pediatric EDs
in the PediatriccEmergency Care Applied Research Network (PECARN). We included
patients 'younger than 18 years who were evaluated in any PECARN participating ED
after a history of nontrivial blunt head trauma. For this sub-analysis, we excluded
children who did not have GCS scores recorded at the time of the initial ED evaluation.

Study Protocol

The ED clinician completed a history and physical examination on each patient and
recorded the data onto a case report form before CT scan results or clinical outcomes

This article is protected by copyright. All rights reserved
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were known. Two faculty or fellow physicians independently evaluated a convenience
sample of 1,443 patients with all three GCS components documented by both
evaluators to determine the inter-observer agreement for GCS. The second evaluation
was completed within one hour of the first evaluation. We used the pediatric GCS score
® to evaluate-children younger than 2 years and the standard GCS score' for children 2
years and older.

Measurements

We comparedthe pediatric and standard GCS scores against two different outcomes:
TBlon CT and c¢iTBI. As per the parent study, TBI on CT was defined by the presence
of intracranialrblood, pneumocephalus, cerebral edema, diastasis of the skull, or skull
fracture depressed by at least the width of the skull. ciTBI was defined as death from
TBI, a neurosurgical procedure, intubation for more than 24 hours for the head injury, or
hospitalization for >2 nights because of the head injury in association with TBI on CT.

Follow-up/Procedures

The records of‘patients admitted to the hospital were reviewed by research coordinators
for outcome determination. For all patients discharged home from the ED, we
conducted-telephone or mail follow-up 7-90 days after the ED visit to ascertain for
patients with missed TBls. For those we could not reach by telephone or mail follow-up,
we reviewed the medical records, ED process improvement records, trauma registries
and countysmorgue records to ensure that no discharged patient was subsequently
diagnosedwith'a ciTBI.

Data Analysis

Each variable was described for the pediatric and standard GCS cohorts using counts,
percentages,.and 95% confidence intervals (Cl) for categorical variables and the
median andsinter-quartile ranges (IQR) (25"-75™ percentile) for continuous variables.
We compared,the patient characteristics, rate of TBI on CT, and rate of ciTBI by GCS
cohort using rate differences with 95% CI.

We used receiver operating characteristic (ROC) curves with 95% Cl to test the
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association of the total GCS scored and its individual components against TBl on CT
and ciTBI between the two GCS cohorts. To assess for inter-observer agreement, we
calculated the kappa statistics for the pediatric and standard GCS cohorts using the
Fleiss-Cohen weighted kappa with standard quadratic weights. The 95% confidence
limits were_calculated using normal approximation methods. A 95% lower confidence
limit greater than 0.4 denoted at least moderate agreement.® All analyses were
conducted using SAS version 9.3 (SAS Institute Inc., North Carolina).

RESULTS

The parentsstudy enrolled 43,904 eligible patients. A total of 42,041(95.8%) patients
met the inclusion/exclusion criteria of the parent study, except that all patients with all
GCS scores were eligible for the current study. Those with GCS scores available
compose the study population for the current analysis. There were 10,499 patients in
the pediatric GCS group and 3,329 (31.7%) had CT scans performed in the ED. In the
standard GES«group, there were 31,542 patients and 11,977 (38.0%) had CT scans
performediin‘the ED. The baseline characteristics between the pediatric and standard
GCS cohoris are presented in Table 2. The median age of the pediatric GCS cohort
was 1.0 years (IQR: 0.5, 1.5) and for the standard GCS cohort was 8.6 years (IQR: 4.5,
13.7). Of note, approximately 2% of the patients had GCS scores between 3 and 13.

Among thesehildren imaged with CT, the rate of TBI on CT was significantly higher in
children whoe.were in the pediatric GCS cohort [313/3,329 (9.4%; 95% CI 8.4, 10.4%)]
compared to those in the standard GCS cohort [773/11,977 (6.5%; 95% CI 6.0, 6.9%)]
(risk difference 2.9%; 95% CI 1.9, 4.0%). The rate of ciTBI, however, was lower in the
pediatric GCS.cohort [146/10,499 (1.4%; 95% CIl 1.2, 1.6%)] compared to those in the
standard GCS.cohort [572/31,542 (1.8%; 95% Cl 1.7, 2.0%)] (risk difference -0.4%;
95% CI -0.7470.2%), although the difference between groups was small and likely not

clinically relevant.

The area under the ROC curve for the association between the GCS score and TBI on
CT was 0.61 (95% CI1 0.59, 0.64) in the younger cohort and 0.71 (95% CI: 0.70, 0.73)
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for the older cohort (Figure 1). The area under the ROC curve for the association
between the GCS score and ciTBl was 0.77 (95% CI 0.73, 0.81) for the younger cohort
and 0.81 (95% CI 0.79, 0.83) in the older cohort (Figure 2). The association between
the areas under the ROC curves for the individual components of the pediatric and
standard GCS,scores (eye, verbal, motor) and TBI on CT, and ciTBI are presented in
Figures 3'and 4, respectively. For both TBI outcomes, the areas under the ROC curves
for the total"GCS score were most similar to those for the verbal component of the GCS
score for the"pediatric and standard GCS cohorts.

The inter-observer agreements as measured by the Kappa statistics for the pediatric
and standard GCS cohorts are shown in Table 3. In each GCS cohort, the total GCS
score and all individual GCS score components met the criteria for at least moderate
inter-observer agreement (Kappa 95% lower confidence limit > 0.4).

We were abletto contact 79% of patients discharged home from the ED with a
telephone eall-or mailed follow-up form. The remaining 21% had ED chart review,
process improvement review, trauma registry review, and morgue review. No patient

discharged“from the ED was subsequently found to require neurosurgery or died.

DISCUSSION

In this multicenter study of a large cohort of children with blunt head trauma in the ED
setting, the pediatric GCS score for children younger than 2 years performed similarly to
the standard GCS in older children for identifying those with ciTBls. For identifying
children with. TBI on CT, however, the performance of the pediatric GCS in children
younger than 2'years was somewhat less accurate than that of the standard GCS in

older children:
These data differ from those of our previous single-site study that found similar

performance of the pediatric GCS and standard GCS for identifying children with TBI on
CT, and a better performance of the pediatric GCS compared to the standard GCS in

This article is protected by copyright. All rights reserved



308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338

11

identifying children with ciTBIs.” This highlights the need to validate prediction tools in
large, multicenter studies. Findings from single center studies may not always be
generalizable to larger, diverse populations.

Modifications.to the standard GCS attempt to create a pediatric GCS score which is
helpful in evaluating the level of alertness in head injured, preverbal children.*®1%*
Howevet, one“of the previous studies besides one’ have evaluated the pediatric GCS
score prospectively in the ED setting. The other previous studies were small,
retrospective, or conducted in the inpatient / ICU setting. The pediatric GCS score
evaluated in the current study is one of the earliest proposed and most widely used.®
The scoring'for eye opening is similar to that of the standard GCS score, however,
modifications ate made to four of the five verbal components, and two of the six motor
response components. These modifications are necessary to evaluate preverbal
children who are verbally and developmentally limited, and unable to follow commands

or answer questions.

Despite itssnearly ubiquitous use, the GCS score has certain limitations, including
variationss«in‘inter-rater reliability, predictive validity, and difficulty in assessment of
intubated or sedated patients.’'® To further explain these limitations, researchers have
sought to demonstrate predictive abilities of individual components of the GCS score.
Prior datain“adult patients suggest the motor component is more important than the
verbal or eyesresponses and may be as useful as the total GCS in identifying those with
TBI."

In the current study, of the three components of the GCS score, the verbal component
demonstrated.the best test performance for both outcomes in both age cohorts,
whereas thesmotor component demonstrated the worst performance. In adults with
severe head injuries, the motor component of the GCS has been shown to be the
component most strongly correlated with injury severity and outcomes.’® One small
trauma registry study of 96 children up to 18 years old with moderate-to-severe head

injuries demonstrated similar findings, ' as did a more recent retrospective review of
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seriously-injured children.?? In a previous study of children with mostly minor head
trauma, however, the verbal and eye components were somewhat more important than
the motor component consistently, but this did not achieve statistical significance.” The
identification of the verbal component as most strongly correlated with TBI in the current
study is consistent with these previous data, likely because the great majority of patients
in the current study had minor head trauma as defined by GCS scores of 14-15, as was
the casé forthe previous study.” The verbal component of the GCS was the component
most likely'notto receive the maximum score in both age cohorts. This likely supports
its better discriminatory power, however, it is also likely that this variable is the most

difficult to assess in preverbal children.

The pediatric GCS used in this study removes one point from the maximal verbal score
for the young child who is irritable or cries. On arrival to the ED, children who have
experienced traumatic injuries are frequently frightened and in pain; therefore, crying
and irritability=in this setting are not unexpected. This component of the GCS score is
subject to modification by multiple factors including administration of analgesics,
parental presence, and time to adjust to the stressful environment of the ED. Therefore,
this component of the pediatric GCS is dynamic and changes in this particular GCS
component may not reflect actual changes in mental status. In spite of this limitation,
the pediatric GCS in the younger patients in this study demonstrated similar test
performancefor identifying children with ciTBIs as the standard GCS in older children.

The results of this study have pertinent clinical and research implications. This study is
the only prospective multicenter study to test the pediatric GCS in preverbal children in
the ED setting...The results confirm that clinicians can use the pediatric GCS when
evaluating,those children presenting to the ED with blunt head trauma. ED clinicians
can have confidence that the age-appropriate modified pediatric GCS is as accurate as
the standard GCS in identifying children with ciTBI, and the pediatric GCS can be
reliably used in clinical research.

LIMITATIONS

This article is protected by copyright. All rights reserved
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This study has certain limitations. Only 36% of the study population underwent cranial
CT imaging. Itis possible that some children who were not imaged may have had
traumatic findings on CT. However, clinical outcomes were recorded for all patients,
and our main outcome, ciTBI, is a clinical outcome that does not require neuroimaging.
In this study-we used an age threshold of 2 years to define the population of preverbal
patients for,. whom the pediatric GCS should be applied. This age threshold is
somewhat'conservative as some children older than 2 years may still be preverbal. Use
of the 2-year-age cutoff would potentially bias against the accuracy of the standard GCS
and thus could worsen the performance of the pediatric GCS score. Prior studies,
however, havesused a similar age threshold.” Finally, because we studied only one of
the severalwversions of the pediatric GCS, it is unknown whether other modifications of
the GCS for use in preverbal children may enhance its performance.

CONCLUSIONS

Although therpediatric GCS score for evaluation of preverbal children with blunt head
trauma evaluated in the ED was somewhat less accurate than the standard GCS used
for older ehildren for identifying those with TBIs on CT, it was equally accurate for
identifying=children with ciTBIs. Therefore clinicians and researchers can confidently use
the pediatric GCS when evaluating preverbal children for ciTBls. Table 1:
Comparisens of the components of the standard and pediatric GCS.

Score Standard GCS Pediatric GCS
Eye 4 Spontaneous Spontaneous
) 3 To voice To voice

Opening _ .

2 To pain To pain

1 None None

5 Oriented Coos/babbles
Verbal

4 Confused Irritable/cries
Response _ . .

3 Inappropriate words Cries to pain

2 Incomprehensible sounds Moans

1 None None

6 Follows commands Spontaneous movement
Motor

5 Localizes pain Withdraws to touch
Response , _ _ ,

4 Withdraws to pain Withdraws to pain

This article is protected by copyright. All rights reserved
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3 Abnormal flexure posturing Abnormal flexure posturing
2 Abnormal extension posturing Abnormal extension posturing
1 None None

GCS=Glasgow coma scale

Table 2: Comparison of pediatric GCS and standard GCS cohorts
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Characteristic

Pediatric GCS
(age < 2 years)
(N=10,499)

n % (95% ClI)

Standard GCS
(age 2 2 years)
(N=31,542)

n % (95% ClI)

15

Difference
% (95% CI)

Median age'in years (IQR)

Male

Severity of injury-Mechanism®

Mild

Moderate

Severe

Unknown

GCS 3-13

1.0 (0.5, 1.5)

5,762 (54.9%)
(95% ClI 53.9, 55.8%)

1,514/10,390 (14.6%)
(95% Cl 13.9, 15.3%)

6,549/10,390 (63.0%)
(95% Cl 62.1, 64.0%)

2,327/10,390 (22.4%)
(95% Cl 21.6, 23.2%)

109/10,499 (1.0%)
(95% Cl1 0.9, 1.3%)

178 (1.7%)
(95% Cl 1.5, 2.0%)

8.6 (4.5, 13.7)

20,446 (64.8%)
(95% Cl 64.3, 65.4%)

5,441/31,332 (17.4%)
(95% Cl 16.9, 17.8%)

21,820/31,332 (69.6%)
(95% CI 69.1, 70.2%)

4,071/31,332 (13.0%)
(95% Cl 12.6, 13.4%)

210/31,542 (0.7%)
(95% CI 0.6, 0.8%)

736 (2.3%)
(95% Cl 2.2, 2.5%)

-9.9% (-11.0, -8.9%)

-2.8% (-3.6, -2.0%)

-6.6% (-7.7, -5.6%)

9.4% (8.5, 10.3%)

0.3% (0.2, 0.6%)

-0.6% (-0.9, -0.3%)

a, - . R L
Injury mechanism severity was defined as follows:

Severe: motor vehicle crash with patient ejection, death of another passenger, or rollover; pedestrian or

bicyclist without helmet struck by a motorized vehicle; falls greater than 5 feet for patients 2 years and

older or falls greater than 3 feet for those younger than 2; or head struck by a high-impact object

Mild: ground-level falls or running into stationary objects

Moderate: any other mechanism

IQR = interquartile range

GCS=Glasgow.coma scale
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Table 3: Inter-rater agreement for the total and individual GCS scores between the

pediatric and.standard GCS cohorts.

Pediatric GCS Standard GCS

K (95% CI) K (95% CI)

(n=379) (n=1,064)
Eye 0.71 (0.42, 0.996) 0.86 (0.75, 0.96)
Motor 0.80 (0.57, 1.00) 0.84 (0.70, 0.98)
Verbal 0.71 (0.49, 0.93) 0.87 (0.78, 0.96)
Total GCS 0.81 (0.63, 0.99) 0.90 (0.81, 0.99)

GCS = Glasgow coma scale

This article is protected by copyright. All rights reserved



454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474

Manuscript

Figure 1:mcurve for the test accuracy of GCS and TBI on CT.
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ROC = receiver operating characteristic
GCS = Glasgow coma scale

TBI = traumaticrbrain injury

CT = computed tomography
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Figure 2: ROC curve for the test accuracy of GCS and clinically-important TBI.
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This article is protected by copyright. All rights reserved

19



497
498
499
500

501

20

Figure 3: ROC curve for the test accuracy of the individual GCS components (eye,
verbal, motor) and TBI on CT.
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Standard GCS
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—--e—-- ROC area, Eye: 0.67 (95% CI: 0.65, 0.68)
---4#--- ROC area, Verbal: 0.70 (95% CI: 0.68, 0.72)
— %— ROC area, Motor: 0.66 (95% CI: 0.64, 0.68)
----- &----- ROC area, Total: 0.71 (95% CI: 0.70, 0.73)

ROC = receiver operating characteristic

GCS = Glasgow coma scale

TBI = traumatic brain injury

CT = computed tomography

Figure 4. ROC curve for the test accuracy of the individual GCS components (eye,

verbal, motor) and clinically-important TBI.
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CT = computed tomography
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