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Abstract

Objective—The Rotterdam computed tomography (CT) score refined features of the Marshall

score and was designed to categorize traumatic brain injury (TBI) type and severity in adults. The

objective of this study was to determine whether the Rotterdam CT score can be used for mortality

risk stratification after pediatric TBI.

Design—In children with moderate to severe TBI, a comparison of observed versus predicted

mortality calculated using published model probabilities of adult mortality. Development and

validation of a new pediatric mortality model using randomly selected prediction and validation

samples from our cohort.

Setting—A single level 1 pediatric trauma center.

Subjects—632 children with moderate or severe TBI

Interventions—None.

Measurements and Main Results—Sixteen percent (101/632) of the patients died prior to

hospital discharge. The predicted mortality based on Rotterdam score for adults with moderate or

severe TBI discriminated pediatric observed mortality well (AUC = 0.85, 95% confidence interval

[CI] 0.80 – 0.89) but had poor calibration, overestimating or underestimating mortality for

children in several Rotterdam categories. A predictive model based on children with moderate or
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severe TBI from the single center discriminated mortality well (AUC 0.80, 95% CI 0.68 – 0.91)

and showed good calibration and overall fit.

Conclusions—Children with TBI have better survival than adults in Rotterdam CT score

categories representing less severe injuries, but worse survival than adults in higher score

categories. A novel, validated pediatric mortality model based on the Rotterdam score is accurate

in children with moderate or severe TBI and can be used for risk stratification.

Keywords

Pediatrics; Brain Injuries; Intensive Care Unit; Pediatric; Neuroradiography; Craniocerebral
Trauma; Intracranial Hypertension

Background

Prognostic information is helpful for caregivers and family members to guide care of

patients with traumatic brain injury (TBI), especially for those with life-threatening injuries.

Because patients with severe TBI or hypoxia after TBI are frequently intubated and

sedated(1–3), and often receive neuromuscular blocking agents prior to arrival in the

emergency department, the initial neurologic exam may be limited. Radiographic imaging is

one the earliest pieces of objective data available to evaluate severity of head injury and aid

in determining prognosis. Non-contrast computed tomography (CT) scan of the head is the

initial imaging study of choice due to its rapid image acquisition and ready availability in

most hospitals.

The utility of CT imaging in predicting mortality and functional outcomes has been

evaluated for both individual injury characteristics and composite scoring systems.

Individual CT components that predict mortality or functional outcome include degree of

midline shift (4–7), intraventricular hemorrhage (IVH) (4, 8), subarachnoid hemorrhage

(SAH) (6, 7, 9, 10) and presence of cerebral edema.(4–7, 11, 12) Several of these studies

included children in the evaluation of CT characteristics(4, 7, 8, 11, 12), although few

focused exclusively on children. (7, 8, 11)

The Marshall score, developed in 1991 using the National Traumatic Coma Database, is one

of the most frequently used CT scoring systems in TBI.(13) The emphasis on brain volume

as determined by basilar cistern status and presence/degree of midline shift can place

heterogeneous injuries within the same Marshall score. Mass lesions are included in the

Marshall score, but are treated separately from brain volume status and are further divided

by whether surgical intervention was required.

The more recently developed Rotterdam scoring system(14) utilizes some elements of the

Marshall score, specifically status of the basilar cisterns and presence/degree of midline

shift, along with presence of SAH and IVH. (4, 8–10) This scale differentiates between

types of mass lesions, recognizing the more favorable prognosis associated with epidural

hematomas (EDH).(8, 12, 15) Although the Marshall CT score has been used in pediatric

TBI research(11, 16, 17), neither it nor the Rotterdam CT score have been validated to

predict mortality in children.
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This study aimed to determine whether the Rotterdam CT score was predictive of in-hospital

mortality for children with moderate to severe TBI. We hypothesized that it can be used for

mortality risk stratification in children with TBI.

Methods

Patient Selection

Patients were included if they were < 17 years old at admission, had either moderate or

severe TBI, and were cared for at Primary Children's Medical Center (PCMC, now called

Primary Children's Hospital, PCH) between January, 2002 and December, 2010. For

patients prior to 2007, we utilized a previously studied retrospective cohort of 299 infants

and children with TBI admitted to PCH (17–19). Moderate TBI was defined as a post-

resuscitation Glasgow Coma Score (GCS) of 9 – 12 and severe TBI as a post-resuscitation

GCS of 3 – 8. The GCS was assigned by the trauma service in the PCH Emergency

Department (ED). Patients were excluded if they died before the initial non-contrast head

CT was obtained, if no CT images were obtained at PCH or if the images were not available

for review. The primary outcome was in-hospital mortality.

PCH is a freestanding level I trauma center that serves 6 states in the Western region of the

United States and had 1200 to 2000 Pediatric Intensive Care Unit (PICU) admissions per

year during the study period. This study was approved by the University of Utah

Institutional Review Board and was granted a waiver of need for informed consent.

Injury Severity

Injury severity was evaluated using GCS, injury severity score (ISS), mechanism of injury,

and use of intracranial pressure (ICP) monitoring. Need for ICP monitoring was determined

by the care team independently from this study. Determination of non-accidental trauma

(NAT) was made by the hospital's child abuse team.

Assignment of Rotterdam Scores

A pediatric neurosurgeon (JRC) blinded to outcome reviewed the first available non-contrast

head CT obtained in the first twenty four hours for each patient and assigned Rotterdam

scores according to the rubric reported by Maas et al(14) (Table 1). During the time between

the initial analysis of this cohort(18) and the current study, the Radiology Department at

PCH migrated imaging platforms and 6 of our patients' CT images were lost and Rotterdam

scores could not be assigned.

Statistical Analysis

Bivariate categorical analyses were performed using the χ2 or Fisher's exact tests, as

appropriate given cell size, and the medians of ordinal variables were tested using the

Wilcoxon rank sum test.

Prediction models

We first compared pediatric observed mortality to predicted mortality based on the

published adult probabilities of death by Rotterdam CT score.(14) We then randomly
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selected (using “runiform” in Stata) 70% of the PCH patients (prediction cohort) and used

logistic regression to derive a mortality prediction equation for the Rotterdam score in

children with moderate or severe TBI. This pediatric model was then tested against the

remaining 30% of the patients (validation cohort).

As sensitivity analyses, we then derived and validated two separate models, first restricting

to children with severe TBI (GCS 3–8), and then excluding children with NAT. Finally, in

an exploratory fashion, we examined the effect of adding additional predictors to the

pediatric prediction model. Age (years, continuous), GCS, presence of endotracheal tube at

time of GCS (yes/no), mechanism of injury (categorical), and injury severity score (ISS)

were added sequentially to the prediction model and tested using the likelihood ratio (LR)

test. The parameterization (categorical versus continuous) of the Rotterdam score was also

tested using the LR test.

All models were assessed for discrimination (the ability of the model to separate patients

into distinct categories), calibration (how closely the predicted mortality matches the actual

mortality), and overall fit. Model discrimination was evaluated using area under the

receiver-operator characteristic curve (AUC, also known as the C-statistic)(20), model

calibration was assessed using calibration plots of observed versus predicted mortality and

Cox's calibration regression(21), and overall fit was tested using Brier's score.(22) Cox's

calibration regression fits the model (true log odds = slope × predicted log odds + intercept)

and an ideally calibrated model will have a slope of 1 and an intercept of 0.(21, 23) Brier's

score is an overall measure of accuracy originally developed for meteorological forecasting,

and a perfectly fit model will have a score of 0.(22) “Chance” predictions of 0.5 for each

subject will result in a Brier's score of 0.25. Relevant examples include well-fit neonatal

outcome models with Brier's scores of 0.05 or less.(24, 25) We defined statistical

significance as p < 0.05 and used Stata version 12 (StataCorp LP, College Station, TX), and

the R environment (version 3.0.1) to conduct the analyses. All confidence intervals shown

were calculated using exact methods for proportions.

Results

PCH Cohort

Of the 681 patients with moderate to severe TBI identified for inclusion in the PCH cohort,

23 were excluded because they died before the initial head CT was done, 19 were excluded

because they did not have a head CT performed at our institution and no images were loaded

into our system (post-operative images were not used), 6 were excluded because their CT

images were lost during an imaging system migration, and 1 patient was excluded because a

name change led to loss of reliable tracking information.

Seventy percent (442/632) of the patients were randomly selected for the prediction cohort

and 30% (190/632) for the validation cohort (Table 2). We found no statistically significant

differences in mortality, gender, age, injury year, GCS, mechanism of injury, or Rotterdam

total score between the prediction and validation cohorts (not shown). Median ISS was

higher in the prediction cohort than the validation cohort (25 versus 21, p = 0.02). Overall,

20% (128/632) of the included patients had moderate TBI and 80% (504/632) had severe
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TBI. In-hospital mortality was 16% (101/632), and 53% of the deaths (54/101) occurred in

the first 24 hours.

Non-survivors were more likely to be < 1 year old (32% mortality versus 13–15% in all

other age categories, p = 0.001), to have a higher ISS (median 30 versus survivors median

20, p < 0.001), and to have injuries secondary to assault or NAT (38% mortality), bicycle or

pedestrian trauma (15%), or motor vehicle/all-terrain vehicle trauma (17%), p < 0.001 across

categories. Patients who died were more likely to have severe TBI compared to moderate

TBI (19% versus 4%, exact p < 0.001). ICP monitoring devices were placed in 33%, with no

difference in monitor placement between the prediction cohort and the validation cohort

(35% versus 30%, p = 0.24); among patients with severe TBI, monitor placement occurred

in 40% of the prediction cohort and 35% of the validation cohort (p = 0.31).

Not unexpectedly, the 23 children who died before CT images were obtained tended to have

more severe TBI (23/23 had a GCS of 3) and overall injuries (median ISS 34 versus 25, p <

0.001) than those included in the study. The 26 children who did not have CT images in our

system were similar to the study population in age, gender, GCS, and ISS (p > 0.05).

Rotterdam Score

Rotterdam category 2 was the most common, and this Rotterdam score was found in

children with all values of GCS between 3 and 12 (Figure 1). Because this score represents

no positive findings, some of those scored as 2 are normal scans. Of the 358 patients with

GCS = 3, 140 (39%) had a Rotterdam score of 2. This represents 22% (140/632) of the

entire cohort. A score of 1 represents an isolated epidural hematoma without enough mass

effect to cause midline shift or compression of the basilar cisterns. All children with a

Rotterdam score of 6 had a GCS of 3.

The Rotterdam score had a direct relationship with mortality in both the adult cohort and the

PCH cohort (Table 2, Figure 2). Pediatric mortality was lower than adult mortality for

Rotterdam scores of 2 and 3, and higher than adult mortality for scores of 4–6. Children with

a Rotterdam score of 1 had a higher mean mortality than adults, but the mortality estimate

for category 1 was based on few subjects (n=18) and only one death. Similarly, the pediatric

estimate for category 6 was based on only 8 patients, 6 of whom died. We found no secular

trend in mortality, as there was no statistically significant linear relationship between

mortality and injury year either overall or within any of Rotterdam categories 2 – 5 (not

shown).

Among children with moderate or severe TBI, the adult probabilities of death by Rotterdam

score discriminated mortality in children well(26) (AUC = 0.85, 95% confidence interval

[CI] 0.80 – 0.89) (Table 3). However, calibration was fairly poor, as the intercept of the

Cox's calibration regression model was significantly different than 0 and the slope was

significantly different than 1. Overall fit was also not optimal, as the Brier's score was

approximately 0.1. The adult model tended to overestimate pediatric mortality for Rotterdam

scores of 2 and 3 and underestimate them for scores of 4 and 5 (Figure 3).
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Because the adult model did not predict mortality well in children, a pediatric-specific

model was necessary for more accurate prediction in children. Therefore, we used logistic

regression to derive a novel prediction model from the PCH prediction cohort. For children

with moderate or severe TBI, predicted mortality = [e−6.57 + (1.527*Rotterdam)]/[1 +

e−6.57 + (1.527*Rotterdam)]. This model was then used to compare predicted to actual mortality

among subjects in the PCH validation cohort (Table 2). The pediatric Rotterdam model for

patients with moderate or severe TBI discriminated mortality in the validation cohort well

(AUC = 0.80, 95% CI 0.68 – 0.91) and was acceptably calibrated (Figure 4 and Table 3).

The Cox's calibration regression intercept was not different than 0 and the slope was not

different than 1, and the overall fit was better than for the adult model (Brier's score = 0.08).

Using a categorical variable for the Rotterdam score did not improve prediction over a

grouped linear form (LR test p = 0.26), so the simpler model was retained.

In a sensitivity analysis, a separate model restricted to children with severe TBI and tested in

the validation cohort's severe TBI patients was not demonstrably better than the model

including both moderate and severe TBI patients (Table 3). Another model excluding

children with NAT showed excellent predictive performance in that restricted population

(Table 3).

Beginning with our overall model for children with moderate or severe TBI, we explored

whether additional model parameters improved prediction. Sequential LR tests showed that

models including age and the presence of endotracheal tube at the time of GCS were not

statistically significantly different than the base model. GCS, mechanism of injury, and ISS

were candidates for model inclusion by LR test. A model with GCS alone (Table 4) did not

discriminate mortality well, had acceptable calibration, and less than optimal fit. A model

with both GCS and the Rotterdam score (Table 4) showed good discrimination, acceptable

calibration, and an overall fit quite similar to the Rotterdam-only model. Adding mechanism

of injury and ISS to that model (Table 4) led to excellent discrimination, good calibration,

and an improved overall fit.

Discussion

We found that the Rotterdam CT score has a direct relationship with probability of mortality

and can be used for mortality risk stratification in children with moderate or severe TBI.

Despite accurate discrimination of mortality in children, the prediction model developed

using adult TBI data overestimated mortality in children with lower Rotterdam scores and

underestimated mortality among those with higher scores. Our novel pediatric prediction

model shows good discrimination, calibration, and overall fit. It has now been validated

using a large pediatric TBI cohort and can be used in pediatric studies as one measure of

TBI severity.

The limitations of the GCS as a measure of TBI severity are well-described(27), and

imaging data have been identified as a priority to include in new severity measures.(28) TBI

is heterogeneous(8), which complicates CT classification and mortality risk estimation. CT

scoring systems in general, and in particular the Rotterdam score, attempt to account for the

effects of injury heterogeneity. This approach allows for better discrimination and mortality
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prediction in adults.(13, 14) Maas et al included adults with moderate TBI in their

Rotterdam derivation, and we found the same low rate of mortality in children with

moderate TBI. These children may suffer important morbidity, however. Restricting our

model to children with severe TBI did not improve mortality prediction and limited

generalizability; we therefore included children with moderate or severe TBI in our final

model. The variability of GCS values within each Rotterdam score and the variability of

Rotterdam values within each GCS category are consistent with brain injury heterogeneity

and the sensitivity of GCS to obfuscating factors such as sedation and neuromuscular

blockade.

We found it interesting that the new pediatric model, despite its simplicity, was robust;

mortality prediction did not improve substantially until three additional variables were

added, one of which (ISS) is only rarely available to the clinician early in the treatment

course. A limitation is that pupillary reactivity, one of the strongest predictors of outcome in

adults with TBI, was not present in our dataset.

Potential mechanisms to explain the differences between the Rotterdam score's more linear

relationship with adult mortality and more logistic relationship with pediatric mortality will

bear further study.

This paper is the first to validate hospital mortality prediction using the Rotterdam CT

scores in a pediatric TBI population. We found a mortality rate of 19% among children with

severe TBI from a single center over nine years, similar to a large multi-center trial in

pediatric TBI whose overall mortality was 16% (29) and several other single-center analyses

of severe TBI with mortality rates ranging from 14–22% (16, 30, 31). Inclusion criteria for

these studies did vary somewhat; the youngest patients were as young as one month(31) or

as old as one year(29) and one study required an acute brain injury on CT(29) while others

did not(30, 31). Two studies of head injury in children, a recent large, multi-center cohort

study from Tasker et al, and a single-center study from Hirsch et al reported much lower

mortality of 9% and 5%, respectively(8, 32); however, the selection criteria used to identify

cases in both studies likely led to the inclusion of some children with mild TBI. A limitation

to our study and many of the above is that some children with fairly mild head injury may

have been categorized as “severe” due to a low presenting GCS because of sedation or

neuromuscular blockade. Nearly one-quarter of our cohort (22%) had a GCS of 3 and a

Rotterdam score of 2, which may represent a CT without positive findings.

Strengths of this analysis include use of one of the largest reported cohorts of pediatric

patients with moderate to severe TBI. We did not find a secular trend in mortality in our

cohort, but we limited the impact of potential improvements in clinical care on our results by

randomly selecting prediction and validation cohorts from the entire time span. Like most

mortality risk models(33), ours may need to be re-calibrated in the future if outcomes

change. Receiver-operator analysis, Cox's calibration regression, and the Brier's score are

well-developed tools to evaluate prediction models.

Our study has several other limitations. We studied a cohort of 632 children with moderate

to severe TBI which, while large for pediatric studies, is smaller than the patient population
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in either of the original adult reports.(13, 14) We had small sample sizes in Rotterdam

categories 1 and 6, and the mortality point estimates for those categories should be used

conservatively. The oldest data in the cohort are now more than ten years old, and the care

of children with TBI may have improved since then. The retrospective design dictated what

information was available for review and how the Rotterdam scores could be assigned.

Although data collection for all presented information was complete, the information

available was limited to what was documented during hospitalization. For example, although

we were able to collect use of ICP monitoring as an indicator of injury severity, it was

beyond the scope of this study to comment on the presence or severity of intracranial

hypertension. Some children may not have been deemed salvageable and may not have been

provided an ICP monitor.(3, 19) Information on cause of death and the prevalence of brain

death versus care limitation or withdrawal is not available in the dataset.

The Rotterdam CT scores for the PCH cohort were assigned by a single neurosurgeon

blinded to patient outcome. Chun et al reported that neuroradiologists and neurosurgeons

were consistent and accurate when assigning both Marshall and Rotterdam head injury

characteristics with acceptable agreement (average Bland-Altman coefficients of variation of

12.7% and 21.9%, respectively).(34)

In conclusion, children with TBI have better survival than adults in Rotterdam CT score

categories representing less severe injuries, and worse survival than adults in higher score

categories. Using adult probabilities of mortality overestimated pediatric mortality in

children with low scores and underestimated mortality in those with high scores. A novel,

validated pediatric mortality model based on the Rotterdam score is accurate in children

with moderate or severe TBI and can be used for mortality risk stratification in clinical care

and future studies.
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Figure 1. Rotterdam scores and Glasgow Coma Scale (GCS) scores
Marker area corresponds to the number of patients at each location in the figure
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Figure 2. Observed mortality of adults and children with moderate or severe TBI, by Rotterdam
score
Adult observed mortality is from Maas et al[14], Table 6, pg. 1179
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Figure 3. Calibration plot for children with moderate or severe TBI, with predicted mortality
from adult Rotterdam score mortality
Observed mortality by Rotterdam score (range 1 to 6) for entire PCH cohort. Predicted

mortality is derived from Maas et al[14], Table 6, pg. 1179
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Figure 4. Calibration plot for children with moderate or severe TBI, with predicted mortality
from new pediatric mortality model
Observed mortality by Rotterdam score (range 1 to 6) for PCH validation cohort. Predicted

mortality is from new pediatric mortality model. Category 6 has only one patient in the

validation cohort, therefore no 95% confidence interval is available.
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Table 1

Rotterdam CT score

Rotterdam Score Element Score

Basal Cisterns

 Normal 0

 Compressed 1

 Absent 2

Midline Shift

 No Shift or shift ≤ 5-mm 0

 Shift > 5-mm 1

Epidural Mass Lesion

 Present 0

 Absent 1

Intraventricular Blood or tSAH

 Absent 0

 Present 1

Sum Score +1

tSAH = traumatic subarachnoid hemorrhage
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Table 2

Demographic, Injury, and CT Characteristics of Children with Moderate to Severe TBI

Prediction Cohort Validation Cohort

Survivors Non-Survivors Survivors Non-Survivors

N = 364 N = 78 N= 167 N = 23

n(col%) n(col%) n(col%) n(col%)

Gender

 Male 227(62) 38(49) 106(63) 19(83)

Age

 Median (IQR) 6 (2–11) 5 (1–11) 6 (2–11) 6 (1–12)

 0–364 days 32(9) 18(23) 17(10) 5(22)

 1 to <5 years 120(33) 20(26) 52(31) 6(26)

 5 to 12 years 143(39) 28(36) 69(41) 8(35)

 ≥ 13 years 69(19) 12(15) 29(17) 4(17)

Injury Year

 2002–2004 107(29) 18(23) 46(28) 7(30)

 2005–2006 61(17) 19(24) 25(15) 4(17)

 2007–2008 112(31) 21(27) 51(31) 2(9)

 2009–2010 84(23) 20(26) 45(27) 10(43)

Glasgow Coma Score

 3–8 286(79) 74(95) 122(73) 22(96)

 9–12 78(21) 4(5) 45(27) 1(4)

Injury Severity Score (ISS)

 Median (IQR) 21 (14–29) 30 (25–38) 17 (14–25) 26 (25–35)

Mechanism of injury

 Fall 75(21) 6(8) 39(23) 2(9)

 Assault/NAT 35(10) 22(28) 15(9) 8(35)

 Bicycle/pedestrian 71(20) 18(23) 40(24) 2(9)

 Motor vehicle/ATV 118(32) 26(33) 38(23) 6(26)

 Other 65(18) 6(8) 35(21) 5(22)

Basal Cisterns

 Normal 305(84) 15(19) 143(86) 9(39)

 Compressed 53(15) 30(38) 23(14) 8(35)

 Absent 6(2) 33(42) 1(1) 6(26)

Midline Shift

 No shift or shift ≤ 5 mm 326(90) 61(78) 156(93) 17(74)

 Shift > 5 mm 38(10) 17(22) 11(7) 6(26)

EpiduralMass Lesion

 Present 36(10) 5(6) 10(6) 3(13)

 Absent 328(90) 73(94) 157(94) 20(87)
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Prediction Cohort Validation Cohort

Survivors Non-Survivors Survivors Non-Survivors

N = 364 N = 78 N= 167 N = 23

n(col%) n(col%) n(col%) n(col%)

IVH or tSAH

 Absent 219(60) 20(26) 98(59) 5(22)

 Present 145(40) 58(74) 69(41) 18(78)

Rotterdam Score

1 12(3) 0(0) 5(3) 1(4)

2 188(52) 6(8) 84(50) 2(9)

3 115(32) 13(17) 59(35) 6(26)

4 40(11) 29(37) 16(10) 7(30)

5 7(2) 25(32) 3(2) 6(26)

6 2(1) 5(6) 0(0) 1(4)

CT = computed tomography; TBI= traumatic brain injury; col% = column percentage; IQR = Interquartile range;; ISS = injury severity score; NAT
= non-accidental trauma; ATV = All-terrain vehicle; IVH = intraventricular hemorrhage; tSAH = traumatic subarachnoid hemorrhage
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Table 3

Measures of discrimination, calibration, and overall fit for each Rotterdam score model

Model Adult versus Pediatric New Pediatric Final
Model

New Pediatric Model,
Severe TBI only

New Pediatric Model,
Excluding NAT

Population characteristics GCS 3–12 GCS 3–12 GCS 3–8 GCS 3–12 No NAT

Prediction dataset Maas et al[14] Prediction Cohort Prediction Cohort Prediction Cohort

Prediction N 2,249 442 360 385

Validation dataset Entire PCH Cohort Validation Cohort Validation Cohort Validation Cohort

Validation N 632 190 144 167

AUC (95% CI) 0.85 (0.80 – 0.89) 0.80 (0.68 – 0.91) 0.81 (0.70 – 0.92) 0.92 (0.86 – 0.97)

Cox's calibration regression

 Intercept (95% CI) 1.08 (0.57 – 1.60) −0.43 (−1.10 – 0.24) −0.32 (−0.99 – 0.36) −0.24 (−1.07 – 0.60)

 Slope (95% CI) 1.81 (1.46 – 2.15) 0.86 (0.52 – 1.20) 0.87 (0.50 – 1.24) 1.08 (0.63 – 1.52)

 LRX2 (1) 165.6 31.2 28.3 43.0

  p < 0.001 < 0.001 < 0.001 < 0.001

Brier's score 0.098 0.082 0.098 0.052

Figure 3 4

GCS = Glasgow Coma Scale; NAT = Non-accidental Trauma; PCH = Primary Children's Hospital; AUC = Area under the curve; CI = confidence
interval; LR = likelihood ratio test
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Table 4

Measures of discrimination, calibration, and overall fit for mortality prediction models in children with

moderate or severe TBI

Model components Rotterdam alone – Final
model GCS alone Rotterdam and GCS Rotterdam, GCS,

mechanism, ISS

Prediction dataset Prediction Cohort Prediction Cohort Prediction Cohort Prediction Cohort

Prediction N 442 442 442 442

Validation dataset Validation Cohort Validation Cohort Validation Cohort Validation Cohort

Validation N 190 190 190 190

AUC (95% CI) 0.80 (0.68 – 0.91) 0.70 (0.62 – 0.78) 0.83 (0.72 – 0.94) 0.91 (0.84 – 0.98)

Cox's calibration regression

 Intercept (95% CI) −0.43 (−1.10 – 0.24) −0.12 (−1.27 – 1.03) −0.31 (−0.98 – 0.36) 0.20 (−0.55 – 0.94)

 Slope (95% CI) 0.86 (0.52 – 1.20) 1.13 (0.36 – 1.91) 0.89 (0.56 – 1.23) 1.13 (0.72 – 1.53)

 LRX2 (1) 31.2 15.2 37.0 59.6

  p < 0.001 < 0.001 < 0.001 < 0.001

Brier's score 0.082 0.101 0.078 0.060

Figure 2

TBI = traumatic brain injury; GCS = Glasgow Coma Scale; ISS = Injury Severity Score; AUC = Area under the curve; CI = confidence interval;
LR = likelihood ratio test
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