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 7 

ABSTRACT   8 

Background:  9 

The Pediatric Emergency Care Applied Research Network (PECARN) head trauma 10 

clinical decision rules informed the development of algorithms that risk stratify the 11 

management of children based on their risk of clinically important traumatic brain 12 

injury (ciTBI). We aimed to determine the rate of ciTBI for each PECARN algorithm 13 

risk group in an external cohort of patients and that of ciTBI associated with different 14 

combinations of high or intermediate risk predictors.  15 

Methods:  16 

Secondary analysis of a large multicenter prospective dataset, including patients with 17 

Glasgow Coma Scale (GCS) scores 14-15 conducted in Australia and New Zealand. 18 

We calculated ciTBI rates with 95% confidence intervals (CI) for each PECARN risk 19 

category and combinations of related predictor variables.  20 

 21 

Results:  22 

Of the 15,163 included children, 4011 (25.5%) were aged < 2 years. The frequency of 23 

ciTBI was 8.5% (95%CI 6.0-11.6), 0.2% (95%CI 0.0-0.6) and 0.0% (95%CI 0.0-0.2) 24 

in the high, intermediate and very low risk group respectively for children < 2 years 25 

and 5.7% (95%CI 4.4-7.2), 0.7% (95%CI 0.5-1.0) and 0.0% (95%CI 0.0-0.1) in older 26 

children. The isolated high-risk predictor with the highest risk of ciTBI was “signs of 27 

palpable skull fracture” for younger children (11.4%, 95%CI 5.3-20.5) and “signs of 28 

basilar skull fracture”, in children ≥ 2 years (11.1%, 95%CI 3.7-24.1). For older 29 

children in the intermediate-risk category, the presence of all four predictors had the 30 

highest risk of ciTBI (25.0%, 95%CI 0.6%-80.6%) followed by the combination of 31 

“severe mechanism of injury” and “severe headache” (7.7%, 95%CI 0.2%-36.0%). 32 
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The very few children <2 years at intermediate-risk with ciTBI precluded further 33 

analysis.  34 

 35 

Conclusions:  36 

The risk estimates of ciTBI for each of the PECARN algorithms risk group were 37 

consistent with the original PECARN study. The risk estimates of ciTBI within the 38 

high and intermediate-risk predictors will help further refine clinical judgment and 39 

decision-making on neuroimaging.  40 

INTRODUCTION   41 

Head injuries in children are common and represent a leading cause of morbidity and 42 

mortality among pediatric patients. In the United States, over 800,000 children are 43 

evaluated in emergency departments (EDs) for blunt head trauma every year.1 While 44 

most children present with minor head trauma defined as a Glasgow Coma Scale 45 

(GCS) of 14-15, a small proportion will have clinically significant intracranial injuries 46 

that require rapid diagnosis by a computed tomography (CT) scan. However, the 47 

majority of children who undergo a CT scan for minor head trauma will have no 48 

clinically relevant findings.2-4 Despite this, some multicentre studies in the United 49 

States have found that head trauma is the most frequent condition leading to a CT.5-7 50 

While the use of head CT varies widely between institutions and across different 51 

countries,2,8-10 reducing unnecessary CT use in children is important to minimise 52 

exposure to the harmful effects of ionising radiation and potential risks of sedation in 53 

younger patients.7,11,12   54 

 55 

Many clinical decision rules have been created to assist clinicians to identify head-56 

injured children in need of CT scans based on their risk of significant intracranial 57 

injury. A large validation study by Babl et al.2 evaluated three different high-quality 58 

clinical decision rules that have been prospectively derived. While all three rules had 59 

good accuracy in identifying clinically significant head injuries, the Pediatric 60 

Emergency Care Applied Research Network (PECARN) had the highest sensitivity 61 

and therefore the lowest risk of missing a clinically important traumatic brain injury 62 

(ciTBI).3  63 

 64 
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The PECARN rule which differentiates between children aged < 2 years and  2 65 

years, informed the development of algorithms that can be used by treating clinicians 66 

as a bedside decision aid. The PECARN rule was statistically-derived to identify 67 

children at very low risk of ciTBI for whom a CT scan could safely be avoided based 68 

on the absence of predictor variables. The PECARN stratification algorithm, was 69 

developed based on risk estimates from the PECARN dataset, as part of the 70 

discussion points of the original study, to assist physician decision-making. The 71 

PECARN algorithm has been widely implemented in clinical practice worldwide. In 72 

the presence of predictor variables, the algorithm stratifies the management of 73 

children into an intermediate risk or high risk group based on the risk of ciTBI. 74 

Children at high risk are recommended to have a CT scan as the risk of ciTBI 75 

outweighs the risks associated with radiation exposure.3 For children at intermediate 76 

risk, the rule becomes assistive rather than directive and encourages physicians to 77 

evaluate the appropriateness of observation over immediate CT on the basis of 78 

physician experience, multiple versus isolated findings, worsening condition over 79 

time, age of the child and parental preference.3 Despite many validation studies on the 80 

PECARN rule, the risk of ciTBI within each stratification group has not been assessed 81 

in an external cohort of patients. In addition, although many secondary analyses of the 82 

PECARN database evaluated the risk of ciTBI when isolated predictors were present, 83 

very limited data are available on the risk associated with a combination of predictors 84 

compared with isolated predictors.4 85 

 86 

The primary aim of this study was to determine the rate of ciTBI for each PECARN 87 

algorithms risk group in an external cohort of patients. The secondary objective was 88 

to assess the risk of ciTBI associated with different combinations of high or 89 

intermediate risk predictors. 90 

 91 

METHODS 92 

Study design, setting and patients 93 

We performed a planned secondary analysis of a prospective multicenter 94 

observational study, the Australasian Paediatric Head Injury Rules Study (APHIRST) 95 

that enrolled children presenting with head trauma of any severity to ten pediatric EDs 96 

in Australia and New Zealand between April 2011 and November 2014.2,14 All EDs 97 
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are members of the Paediatric Research in Emergency Departments International 98 

Collaborative (PREDICT) research network.13 99 

 100 

We collected all rule-specific predictor and outcome variables for the PECARN rule 101 

for all head injured children aged <18 years presenting with head trauma.2,3,14 Based 102 

on the original PECARN rule, we included patients presenting within 24 hours with a 103 

GCS of 14 or 15 and excluded patients meeting any of the following criteria: trivial 104 

mechanism of injury, GCS  <13, penetrating trauma, known brain tumours, pre-105 

existing neurological disorder complicating assessment, patient with ventricular 106 

shunts or bleeding disorders, patient/family refusal to participate, referral from ED 107 

triage to an external provider (i.e. not seen in the ED), did not wait to be seen, or 108 

neuroimaging done prior to the transfer to a study site. 109 

 110 

The outcome of clinically important traumatic brain injury (ciTBI) was defined as 111 

death from traumatic brain injury (TBI), neurosurgical intervention for TBI, 112 

intubation of more than 24 h for TBI or hospital admission of two nights or more for 113 

TBI related symptoms, associated with TBI on CT, defined as per the original 114 

PECARN study (admission for persistent neurological symptoms or signs such as 115 

persistent alteration in mental status, recurrent emesis due to head injury, persistent 116 

severe headache, or ongoing seizure management). 117 

 118 

TBI on CT was defined by any of the following descriptions: intracranial 119 

haemorrhage or contusion, cerebral oedema, traumatic infarction, diffuse axonal 120 

injury, shearing injury, sigmoid sinus thrombosis, midline shift of intracranial 121 

contents or signs of brain herniation, diastasis of the skull, pneumocephalus, or skull 122 

fracture depressed by at least the width of the table of the skull. 123 

  124 

The study was approved by the institutional ethics committees at each participating 125 

site. We obtained informed verbal consent from parents/guardians apart from 126 

instances of significant life-threatening or fatal injuries where participating ethics 127 

committees granted a waiver of consent. 128 

 129 

The trial protocol (described in detail elsewhere2,14) was developed by the study 130 

investigators. The study was registered with the Australian New Zealand Clinical 131 
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Trials Registry (ANZCTR) ACTRN12614000463673 and followed the Standards for 132 

Reporting of Diagnostic Accuracy studies guidelines. 133 

 134 

Study procedures 135 

Patients were enrolled by the treating ED clinician who collected clinical data. Data 136 

were collected on the PECARN rule inclusion and exclusion criteria, predictor 137 

variables and outcome measures (Table 1), as well as demographic and 138 

epidemiological information. Patients were enrolled by the treating clinician who 139 

collected predictive clinical data in the clinical report form prior to any neuroimaging 140 

done. The clinical report form was completed directly by consultant-level clinicians 141 

and senior trainees, or under their supervision for patients initially seen by junior 142 

trainees. We used the GCS scores as assigned by the ED clinician, or if not available, 143 

GCS scores at triage. Hospital admission was defined as admitted to inpatient ward, 144 

ED short-stay unit, or intensive care unit. A research assistant recorded ED and 145 

hospital management data after the visit and conducted up to six telephone follow-up 146 

attempts, between 14 and 90 days after injury, for patients who had not undergone 147 

neuroimaging. As per the original APHIRST study, this secondary analysis only 148 

included patients with complete follow up data. 149 

 150 

We used senior radiologist reports to determine the results of CT scans and operative 151 

reports for patients who underwent neurosurgery. Neurosurgical intervention was 152 

defined as intracranial pressure monitoring, elevation of depressed skull fracture, 153 

ventriculostomy, hematoma evacuation, lobectomy, tissue debridement or dura repair. 154 

 155 

Site investigators, research assistants, and participating ED clinicians received formal 156 

training and were not blinded to the purpose of the study.  157 

 158 

Statistical analysis 159 

The PECARN algorithms provide the risk of ciTBI for children aged under 2 years 160 

and those 2 years and above separately; as such, we analysed our data in two groups.  161 

 162 

We stratified our cohort into the three categories of high, intermediate and very low-163 

risk based on the PECARN predictor variables.2 Children were considered to be at 164 

very low-risk if none of the predictor variables were present. Children were classified 165 
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as high or intermediate risk based on age-specific high or intermediate risk predictors, 166 

as reported in Figure 1. 167 

 168 

Data were entered into Epidata (The Epidata Association, Odense, Denmark), and 169 

later REDCap,15 and analysed using Stata 15 (Statacorp, College Station, Texas, 170 

USA). Frequencies and percentages of demographic and injury characteristics, and 171 

clinical symptoms and outcomes, as well as mean child age (and standard deviation 172 

(SD)), were described for each age group and risk category. High and intermediate 173 

risk count frequencies were also explored between those with and without ciTBI. 174 

Finally, percentage of ciTBI within each combination of high and intermediate risk 175 

factors were calculated with 95% confidence intervals (CIs). 176 

 177 

RESULTS 178 

 179 

Of 20,137 children from the original cohort, 15,163 were eligible for analysis after 180 

applying PECARN inclusion and exclusion criteria in children with GCS 14 or 15; 181 

4011 (25.5%) were aged < 2 years and 11,152 (74.5%) aged ≥ 2 years. The majority 182 

of GCS scores were assigned by the ED clinician and only 148 of 15,163 (0.98%) of 183 

cases used GCS scores at triage for the analysis. Overall 1528 (10.1%) were classified 184 

as high risk, 6448 (42.5%) as intermediate risk and 7187 (47.4%) as low risk for 185 

ciTBI (Figure1). 186 

 187 

Clinical characteristics and outcomes of the analytic cohort by age group and 188 

PECARN risk category are reported in Table S1. The majority of children presented 189 

with GCS scores of 15 (96.6%). Most injuries were fall-related (71.5%). Overall, 190 

1471 (9.7%) underwent cranial CT, 3718 (24.5%) were admitted, a ciTBI occurred in 191 

0.9% (136 of 15,163) and 19 (0.1%) required neurosurgery. There was only one child 192 

in the very low risk category with ciTBI, who was missed; this child had no 193 

predictors, had a parenchymal hemorrhage revealed on CT, was admitted for  2 days 194 

and did not require neurosurgery.   195 

 196 

The high-risk group had higher rates of cranial CT, abnormal CT, admission and 197 

ciTBI (45.2%, 17.0%, 56.6% and 6.4% respectively) compared to the intermediate 198 
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risk group (10.1%, 1.9%, 30.0%, 0.6% respectively) and very low risk group (1.8%, 199 

0.2%, 12.7% and 0.01% respectively). The most common findings on CT in the high 200 

risk group were skull fracture (13.3%), of which 67.0% were non-depressed, 17.8% 201 

were depressed and 15.8% were basilar, intracranial haemorrhage/contusion (7.7%) 202 

and extra-axial (subdural or extradural) haemorrhage (4.9%). In the intermediate risk 203 

group, cranial CT rates were higher in children aged ≥ 2 years (11.6%) compared to 204 

children aged < 2 years (4.9%). Six children aged ≥ 2 years at intermediate risk 205 

required neurosurgery, four underwent craniotomy and elevation of depressed skull 206 

fracture and two required haematoma evacuation. None of children aged < 2 years at 207 

intermediate risk required neurosurgery.  208 

 209 

The most frequent high-risk predictor was altered mental status in both age groups (< 210 

2 years: 131/413; 31.7%; ≥ 2 years: 921/1115; 82.6%). Severe mechanism of injury 211 

was the most common predictor variable in the intermediate risk group for both ages 212 

(< 2 years: 836/1461; 57.2%; ≥ 2 years: 3352/4987; 67.2%). 213 

 214 

The risk of ciTBI according to age specific PECARN risk group stratification is 215 

reported in Figure 1. The frequency of ciTBI per age group based on the number of 216 

predictors present is described in Table 2. In the younger age group, 38/4011 (0.9%) 217 

had a ciTBI. Of these 35/38 (92.1%) had one or more high risk predictors, while three 218 

(7.9%) had only intermediate risk predictors. A ciTBI was identified in 98/11,152 219 

(0.9%) of older children, of which 63/98 (64.3%) had one or more high risk 220 

predictors, 34/98 (34.7%) had only intermediate risk predictors and one (1%) had no 221 

PECARN predictors.  222 

 223 

Overall, most children classified at high risk (n=1528) presented with only one high 224 

risk predictor (77.1%) while 21.5% presented with two predictors. Similarly, of the 225 

6448 children in the intermediate risk group, the majority presented with only one 226 

intermediate risk predictor (77.2%) while 20.6% presented with two predictors. In 227 

both age groups, the risk of ciTBI increased as the number of predictors increased. 228 

 229 

The most frequent high-risk predictors in children < 2 years who had ciTBI were a 230 

palpable skull fracture (26/35, 74.3%) and altered mental status (24/35, 68.6%). In 231 

older children with a ciTBI the most frequent high-risk predictors were altered mental 232 
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status (48/63, 76.2%) and GCS score of 14 (37/63, 58.7%). The frequency of ciTBI 233 

according to the type and number of high-risk predictors for both age groups is 234 

reported in Table 3 A and B.  235 

 236 

Of the 3 children < 2 years with intermediate risk predictors and ciTBI, two had an 237 

isolate non-frontal scalp hematoma and one had both a scalp hematoma and did not 238 

act normally according to parents. In older children with intermediate risk predictors 239 

and ciTBI the most frequent were severe mechanism of injury (27/34, 79.4%) and 240 

vomiting (19/34, 55.9%). The highest frequency of ciTBI in older children occurred 241 

when all the intermediate risk predictors were present (25%, 95% CI: 0.6-80.6%). 242 

Other combinations associated with a high frequency of ciTBI included severe 243 

mechanism of injury with severe headache (7.7%, 95% CI: 0.2-36.0%), and loss of 244 

consciousness, vomiting and severe mechanism of injury (3.3%, 95%CI: 0.7-9.4%). 245 

(Table 4 A and B) 246 

 247 

DISCUSSION 248 

In this multicenter prospective cohort study, we have analysed the PECARN 249 

algorithm risk stratification in detail in a large external cohort of children with minor 250 

head trauma. We have assessed the risk of ciTBI for each PECARN algorithms risk 251 

group and shown the risk of ciTBI associated with different combinations of high or 252 

intermediate risk predictors. There was only one child with ciTBI who was missed; 253 

this child in the very low risk category had no predictors, was admitted for  2 days 254 

and did not require neurosurgery.   255 

 256 

The majority of patients who were not at very low risk of ciTBI had a single predictor 257 

within the intermediate risk category. Although PECARN secondary analyses on the 258 

risk of ciTBI associated with isolate intermediate risk factors have been previously 259 

published, our study provides further clinically useful information on the risk of ciTBI 260 

i) associated with isolate intermediate risk predictors in an external population; ii) in 261 

children with isolate high-risk predictors; iii) according to the type and combination 262 

of predictors within the high and intermediate risk groups.  263 

 264 
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Our study expands upon previous research by Nigrovic et al,16 which found that the 265 

risk of ciTBI increased in children with severe mechanism of injury plus one other 266 

PECARN predictors (altered mental status, any loss of consciousness, history of 267 

vomiting, clinical signs of basilar skull fracture and severe headache). Our data have 268 

shown that as the number of predictor variables increases, there is an associated 269 

increased risk of ciTBI both overall and within the high and intermediate risk groups 270 

for children of both age groups.  271 

 272 

Within the high-risk group, we found that most younger children presented with either 273 

a palpable skull fracture or altered mental status, while older children most often 274 

presented with altered mental status or GCS scores of 14. At the same time, we found 275 

that the isolate high-risk predictors associated with the lowest ciTBI risk was GCS 14 276 

or altered mental status in the younger age group and altered mental status in the older 277 

children. A clinical decision analysis published by Hennelly et al.17 determined the 278 

optimal imaging strategy for young children with minor head trauma considering 279 

health related quality of life and radiation risk. They determined that the threshold 280 

above which CT for all patients became the preferred strategy according to the 281 

decision analysis model was when the probability of ciTBI was 4.8% or higher, with 282 

the threshold decreasing with lower radiation exposure, such as in in centers where 283 

rapid magnetic resonance imaging is available.18 Based on this analysis our findings 284 

may help refine clinical decision making for CT in the younger children with 285 

PECARN high risk of ciTBI variables of isolated GCS of 14 or altered mental status. 286 

However, the wide 95%CI boundaries of our results must be taken into account.  287 

 288 

Within the intermediate risk group, most older children presented with either severe 289 

mechanism of injury or vomiting. While the highest frequency of ciTBI was observed 290 

when all intermediate risk predictors were present, confidence intervals were wide 291 

due to the small number of patients in each category. Of the three children < 2 years 292 

with ciTBI in the intermediate risk category, two had an isolated non-frontal scalp 293 

hematoma and one had both a scalp hematoma and did not act normally according to 294 

parents. Previous secondary analyses of the PECARN and APHIRST original dataset 295 

have  provided detailed risk estimates of ciTBI for each intermediate risk predictor in 296 

isolation (meaning no other signs or symptoms of ciTBI), namely vomiting, loss of 297 
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consciousness, scalp hematoma, severe mechanism of injury, severe headache and 298 

child not acting normally as per guardian; in isolation they were associated with a 299 

very low risk of ciTBI of less than 1%.16, 19-25 Our study adds to this literature by 300 

providing ciTBI risk estimates for different combinations of predictors within the 301 

PECARN high and intermediate risk groups. The PECARN risk stratification and the 302 

detailed risk estimates of ciTBI according to the presence of isolated predictors or 303 

their combination are helpful to further refine clinical decision making by 304 

contributing to the overall clinician judgement.  305 

 306 

The results of our study should be interpreted in light of its limitations. Although this 307 

is the second largest cohort of patients with minor head trauma and prospectively 308 

collected PECARN predictor variables, the limited sample size of patients with ciTBI 309 

resulted in large confidence intervals of risk estimates for some predictor variables. In 310 

addition, there were only three children in the younger age group with ciTBI in the 311 

intermediate category, which prevented further analysis on risk refinement based on 312 

number or types of predictors present. 313 

 314 

CT scans were obtained on a minority of patients, however the definition of the study 315 

outcome, namely the frequency of ciTBI, which is the PECARN primary outcome 316 

variable is not influenced by the CT scan rate. In the original APHIRST study 10% of 317 

patients were lost to follow up and were excluded from the analysis (if they did not 318 

have neuroimaging during the follow-up period), as in these patients we could not 319 

determine whether a ciTBI was present or absent. 320 

 321 

CONCLUSIONS 322 

The rates of ciTBI for each of the PECARN algorithms risk group in our study were 323 

consistent with the original PECARN study. The risk estimates of ciTBI for different 324 

combinations of high and intermediate risk predictors provided by this study will help 325 

further support and refine clinical judgment and decision making on neuroimaging. 326 

Table 1: Inclusion and exclusion criteria, predictor variables, and outcome 327 

measures of PECARN clinical decision rule 328 
 329 

 PECARN < 2 years PECARN ≥ 2 years 

Inclusion Age < 18 years; presenting with Age < 18 years; presenting with 
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GCS 14 or 15 within 24 h of head 

injury 

GCS 14 or 15 within 24 h of head 

injury 

Exclusion Trivial mechanism of injury, 

defined by ground-level fall or 

walking or running into 

stationary objects and no signs 

or symptoms of head trauma 

other than scalp abrasions and 

lacerations 

Penetrating trauma 

Known brain tumours 

Pre-existing neurological 

disorder 

complicating assessment 

Neuroimaging at an outside 

hospital 

Trivial mechanism of injury, 

defined by ground-level fall or 

walking or running into 

stationary objects and no signs 

or symptoms of head trauma 

other than scalp abrasions and 

lacerations 

Penetrating trauma 

Known brain tumours 

Pre-existing neurological 

disorder 

complicating assessment 

Neuroimaging at an outside 

hospital 

Predictor variables*   

Mechanism of injury Severe mechanism of injury 

(MVC with patient ejection, 

death of another passenger, or 

rollover; pedestrian or 

bicyclist without helmet struck 

by motorised vehicle; falls 

>0·9m; or head struck by high-

impact object) 

 

Severe mechanism of injury 

(MVC with patient ejection, 

death of another passenger, or 

rollover; pedestrian or 

bicyclist without helmet struck 

by motorised vehicle; falls > 

1.5m; or head struck by high-

impact object) 

History LOC for ≥ 5s 

Not acting normally per parent 

report 

Any or suspected LOC 

History of vomiting  

Severe headache 

 

Examination GCS score <15 

Other signs of altered mental 

status (agitation, somnolence, 

repetitive questioning, slow 

response to verbal 

communication) 

Palpable or unclear skull 

fracture 

Occipital, parietal, or temporal 

scalp hematoma 

 

GCS score <15 

Other signs of altered mental 

status (agitation, somnolence, 

repetitive questioning, slow 

response to verbal 

communication) 

Signs of basilar skull fracture 

(retro-auricular bruising ȋBattle’s sign), periorbital 

bruising (raccoon eyes), 

haemotympanum, cerebral 

spinal fluid otorrhoea, or 

cerebral spinal fluid 

rhinorrhoea) 
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Primary Outcome Clinically important TBI, defined 

as death from TBI, neurosurgical 

intervention for 

TBI (intracranial pressure 

monitoring, elevation of 

depressed skull fracture, 

ventriculostomy, hematoma 

evacuation, lobectomy, tissue 

debridement, dura repair, or 

other), intubation of more than 

24 h for TBI or hospital 

admission of 2 nights or more for TB)ș, associated with TBI on 

CT§ 

Clinically important TBI, defined 

as death from TBI, neurosurgical 

intervention for TBI (intracranial 

pressure monitoring, elevation 

of depressed skull fracture, 

ventriculostomy, hematoma 

evacuation, lobectomy, tissue 

debridement, dura repair, or 

other), intubation of more than 

24 h for TBI, or hospital 

admission of 2 nights or more for TB)ș, associated with TB) on 
CT§ 

PECARN = Pediatric Emergency Care Applied Research Network. ED = emergency department. GCS = 

Glasgow Coma Scale. LOC = loss of consciousness. MVC = motor vechicle crash. TBI = traumatic brain 

injury. *The absence of predictor variables indicates that cranial CT scan is unnecessary. ‡Hospital admission 

for TBI defined by admission for persistent neurological symptoms or signs such as persistent alteration in 

mental status, recurrent emesis due to head injury, persistent severe headache, or ongoing seizure management. 

§TBI on CT defined by any of the following descriptions: intracranial haemorrhage or contusion, cerebral 

oedema, traumatic infarction, diffuse axonal injury, shearing injury, sigmoid sinus thrombosis, midline shift of 

intracranial contents or signs of brain herniation, diastasis of the skull, pneumocephalus, or skull fracture 

depressed by at least the width of the table of the skull. 
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Table 2: Rates of ciTBI by combinations of intermediate risk predictors and high risk predictors  

 

  Age < 2 years Age ≥ 2 years 

 
(n = 4011) (n = 11,152) 

  n/N % (95%CI) n/N % (95%CI) 

Any predictors present 38/1874 2.0 (1.4-2.8) 97/6102 1.6 (1.3-1.9) 

High risk predictors only: 35/413 8.5 (6.0-11.6) 63/1115 5.7 (4.4-7.2) 

 1 predictor 14/342 4.1 (2.3-6.8) 35/836 4.2 (2.9-5.8) 

 2 predictors 15/60 25.0 (14.7-37.9) 24/269 8.9 (5.8-13.0) 

 3 predictors 6/11 54.5 (23.4-83.3) 4/10 40.0 (12.2-73.8) 

Intermediate risk predictors 

only: 
3/1461 0.2 (0.0-0.6) 34/4987 0.7 (0.5-1.0) 

 1 predictor 2/1184 0.2 (0.0-0.6) 15/3796 0.4 (0.2-0.7) 

 2 predictors 1/245 0.4 (0.0-2.3) 15/1086 1.4 (0.8-2.3) 

 3 predictors 0/32 0.0 (0.0-10.9) 3/101 3.0 (0.6-8.4) 

 4 predictors 0/0 0.0 - 1/4 25.0 (0.6-80.6) 

No predictors present 0/2137 0.0 (0.0-0.2) 1/5049 0.0 (0.0-0.1) 

 

n= number of ciTBI. N=number of patients for each group described in the first column of the table. 

ciTBI = clinically important traumatic brain injury. 

 

Table 3: Rates of ciTBI by combinations of high risk predictors in children aged < 2 years (A) and 

aged ≥ 2 years (B) 
A. 

Age < 2 years 

 G
C

S 
14

Ș 
A

lt
er

ed
 m

en
ta

l s
ta

tu
s§

 

P
al

pa
bl

e 
sk

ul
l f

ra
cu

tr
e 

ciTBI N % (95% CI) 

1 
R

is
k ●   1 65 1.5 (0.0-8.3) 

 ●  4 197 2.0 (0.6-5.1) 
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  ● 9 79 11.4 (5.3-20.5) 
2 

R
is

ks
 ● ●  4 19 21.1 (6.1-45.6) 

●  ● 1 1 100.0 (2.5-100.0) 

 ● ● 10 40 25.0 (12.7-41.2) 

3 
R

is
ks

 

● ● ● 6 11 54.6 (23.4-83.3) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

B. 

Age ≥ 2 years 

 G
C

S 
14

Ș 
A

lt
er

ed
 m

en
ta

l s
ta

tu
s§

 

B
as

ila
r 

sk
ul

l f
ra

ct
ur

e 
ș 

ciTBI N % (95% CI) 

1 
R

is
k 

●   10 146 6.9 (3.3-12.2) 

 ●  20 644 3.1 (1.9-4.8) 

  ● 5 45 11.1 (3.7-24.1) 
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2 
R

is
ks

 ● ●  23 260 8.9 (5.7-13.0) 

●  ● 0 2 0.0 (0.0-84.2) 

 ● ● 1 7 14.3 (0.4-57.9) 

3 
R

is
ks

 

● ● ● 4 10 40.0 (12.2-73.8) 

 ȘGCS = Glasgow coma scale. §Signs of altered mental status: agitation, somnolence, repetitive questioning or slow 

response to verbal communication. șSigns of basilar skull fracture: as retro-auricular bruising ȋBattle’s signȌ, periorbital 
bruising (raccoon eyes), hemotympanum, cerebral spinal fluid otorrhoea, or cerebral spinal fluid rhinorrhoea. ciTBI = 

clinically important traumatic brain injury.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4: Number of children and rates of ciTBI by combinations of intermediate risk predictors in 

children aged < 2 years (A) and aged ≥ 2 years (B) 
 

A. 

 Age < 2 years 

 H
em

at
om

aȘ 
L

O
C

§
 

Se
ve

re
 M

O
Iș 

N
ot

 a
ct

in
g 

no
rm

al
 

ciTBI N % (95% CI) 

1 

R
is

k ●    2 259 0.8 (0.1-2.8) 
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 ●   0 70 0.0 (0.0-5.1) 

  ●  0 610 0.0 (0.0-0.6) 

   ● 0 244 0.0 (0.0-1.5) 

2 
R

is
ks

 

● ●   0 5 0.0 (0.0-52.2) 

●  ●  0 101 0.0 (0.0-3.6) 

●   ● 1 34 2.9 (0.1-15.3) 

 ● ●  0 24 0.0 (0.0-14.3) 

 ●  ● 0 8 0.0 (0.0-36.9) 

  ● ● 0 73 0.0 (0.0-4.9) 

3 
R

is
ks

 

● ● ●  0 5 0.0 (0.0-52.2) 

● ●  ● 0 5 0.0 (0.0-52.2) 

●  ● ● 0 15 0.0 (0.0-21.8) 

 ● ● ● 0 7 0.0 (0.0-41.0) 

4 
ris

ks
 

● ● ● ● 0 0   

 

 

 

 

 

 

B. 

 Age ≥ 2 years 

 L
O

C
§
 

V
om

it
te

d 

Se
ve

re
 M

O
Iș 

Se
ve

re
 H

ea
da

ch
e 

ciTBI N % (95% CI) 

1 
R

is
k ●    1 627 0.2 (0.0-0.9) 

 ●   4 854 0.5 (0.1-1.2) 
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  ●  10 2279 0.4 (0.2-0.8) 

   ● 0 19 0.0 (0.0-17.7) 

2 
R

is
ks

 

● ●   2 120 1.7 (0.2-5.9) 

●  ●  3 486 0.6 (0.1-1.8) 

●   ● 0 8 0.0 (0.0-36.9) 

 ● ●  9 453 2.0 (0.9-3.7) 

 ●  ● 0 6 0.0 (0.0-45.9) 

  ● ● 1 13 7.7 (0.2-36.0) 

3 
R

is
ks

 

● ● ●  3 90 3.3 (0.7-9.4) 

● ●  ● 0 1 0.0 (0.0-97.5) 

●  ● ● 0 3 0.0 (0.0-70.8) 

 ● ● ● 0 7 0.0 (0.0-41.0) 

4 
ris

ks
 

● ● ● ● 1 4 25.0 (0.6-80.6) 

 ȘHematoma: either occipital, parietal or temporal hematoma. §LOC = loss of consciousness ȋLOC ≥ 5s in children aged < 2 years and any or suspected LOC in children aged ≥ 2 years. șMO) = mechanism of injury ȋsevere MO) defined as motor 

vehicle crash with patient ejection, death of another passenger, or rollover; pedestrian or bicyclist without helmet struck 

by motorised vehicle; falls >0·9m (or >1.5m in children aged ≥ 2 yearsȌ; or head struck by high-impact object). ciTBI = 

clinically important traumatic brain injury.  
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Figure 1 Children with Glascow Coma Scale 14 and 15 from the APHIRST study stratified 

according to the PECRAN CT algorithm for children younger than 2 years (A) and those aged 2 

years and above (B). 
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GCS = Glasgow coma scale. ciTBI = clinically important traumatic brain injury. LOC = loss of consciousness. CT = computed 

tomography. †signs of altered mental status: agitation, somnolence, repetitive questioning or slow response to verbal 

communication. §Severe mechanism of injury: motor vehicle crash with patient ejection, death of another passenger, or 

rollover; pedestrian or bicyclist without helmet struck by motorised vehicle; falls of more than 0.9m (or more than 1.5m for 

panel B); or head struck by high impact object. 
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