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TITLE: Imaging and Admission Practices in Paediatric Head Injury across Emergency Departments in Australia 

and New Zealand: A PREDICT study 

 

ABSTRACT  (Words 245) 

Introduction  

Variation in the management of paediatric head injury has been identified worldwide. This prospective study 

describes imaging and admission practices of children presenting with head injury across 10 hospital 

emergency departments (ED) in Australia and New Zealand.   

Methods 

Prospective observational multicentre study of 20,137 children (under 18 years). All presentations with head 

injury without prior imaging were eligible for inclusion. Variations in rates of computed tomography of the 

brain (CTB) and admission practices between sites, ED type and country were investigated, as were clinically 

important traumatic brain injuries (ciTBI) and abnormal CTBs within CTBs. 

Results 

Among the 20,137 enrolled patients, the site adjusted CTB rate was 11.2% (95%CI 7.8-14.6); individual sites 

ranged from 2.6% to 18.6%. Clinically important traumatic brain injury (ciTBI) was found in 0.4% to 2.2%, with 

abnormal scans documented in 0.7% to 6.5%.  

As a percentage of CTBs undertaken, ciTBIs were found in 12.8% (95%CI 10.8-14.7) with individual site 

variation of 8.8-16.9%, and no statistically significant difference noted, and traumatic abnormalities in 29.3% 

(95%CI 26.2-32.3) with individual site variation between 19.4 and 35.6%.  

Among those under 2 years, traumatic abnormalities were found in greater than 50% of CTBs at 90% of sites.   

Admission rate overall was 24.0% (site adjusted) with wide variation between sites (5.0% to 48.9%). 

Conclusion 

This article is protected by copyright. All rights reserved.



Across the ten, largely tertiary EDs included in this study, the overall CTB rate was low with no significant 

variation between sites when adjusted for ciTBIs. 

 

KEY WORDS (MESH):  CHILD; CRANIOCEREBRAL TRAUMA; EMERGENCY SERVICE, HOSPITAL; TOMOGRAPHY, X-

RAY COMPUTED 
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INTRODUCTION 

Head injury is a common reason children present to the Emergency Department (ED). Although most injuries 

are minor, traumatic brain injury (TBI) remains a significant cause of morbidity and mortality worldwide.  

Computed tomography scan of the brain (CTB) is the investigation of choice for detecting injuries in the acute 

setting but carries significant risks and costs. These include radiation exposure and increased lifetime cancer 

risk,1-3sedation risk in the unco-operative or young child4 and resource costs.5 The difficulty for the clinician 

rests in deciding which children should receive imaging and in whom it can be safely avoided. Clinical decision 

rules (CDRs) have been developed to guide this decision.6-8 Observation is also increasingly being recognised as 

an alternate management strategy in some children. 6,9,10 

Variation in management practices in paediatric head injury, in particular, the use of neuroimaging, but also of 

observation and admission, have been described worldwide.6,11 These differences often persist within 

countries and regions, and may vary according to hospital type and individual clinician training background.11-14  

Australian and New Zealand clinical data indicate a lower rate of CTB use than in North America,6,8,12-15 

however, it is unclear if there is variation of care between hospitals especially when controlling for head injury 

severity. Recognising and understanding variation in care may allow opportunities to reduce unwarranted 

variation and standardize management.  

We undertook a prospective observational study15,16 to compare three high quality CDRs (PECARN–Paediatric 

Emergency Care Applied Research Network, CHALICE-Children’s Head Injury Algorithm for the prediction of 

Important Clinical Events, CATCH–Canadian Assessment of Tomography for Childhood Head Injury) which 

guide the use of CTB in paediatric head injuries.6-8 In a planned secondary analysis, we examined variation in 

the management of paediatric head injury presentations across ten emergency departments (EDs) in Australia 

and New Zealand. In particular, we set out to assess site differences in neuroimaging rates and correlated this 

with injury severity, as defined by the presence of clinically important brain injury (ciTBI) and abnormality on 

CTB.  
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METHODS  

Study design, setting and patients 

This was a planned secondary analysis of the Australasian Paediatric Head Injury Rule Study (APHIRST) of 

children younger than 18 years with head injury presenting between April 2011 and June 2014 to 10 EDs in 

Australia and New Zealand15,16associated with the Paediatric Research in Emergency Department International 

Collaborative (PREDICT) research network.17 A detailed protocol has been published.16 

All published CDR-specific predictor and outcome variables were collected. Patients were enrolled by the 

treating ED clinician, who recorded predictive clinical data prior to neuroimaging. ED and hospital 

management data were collected after the ED visit, and telephone follow up conducted for patients who had 

not received neuroimaging. Senior radiologist reports at the local sites were used to extract CTB findings.  

Participating hospitals included seven paediatric tertiary and three large mixed EDs. Hospital sites were 

considered independently, and according to both type (mixed versus paediatric only EDs) and country 

(Australia, New Zealand). All sites had 24-hour access to imaging; in six this was provided by an off-site on-call 

radiographer at certain times of day (from 1700 in most affected sites). Nine sites had the capacity to perform 

acute paediatric neurosurgical intervention and all sites could observe children, albeit in different locations 

(ED, short stay, inpatient unit). Eight hospitals were the designated paediatric trauma centres for their region. 

In this analysis, we assessed variation between participating hospitals in severity of injury presentations and 

management practices. The former included the presence of clinically important traumatic brain injury (ciTBI),6  

any traumatic head injury on CT (abnormal CTB) and need for neurosurgical intervention.  The latter included 

CTB rates and admission/observation practices. Location and “admission descriptors” were highly variable 

between sites. Admission was as defined by local hospital practice. To allow comparison between sites and as 

a proxy for observation, we assessed the percentage of presentations with a length of stay (LOS) ≥4hours from 

time of arrival and median LOS. Differences in age and sex of presenting populations were explored. Children 

under 2 years of age were considered as a separate subgroup given previously reported differences in the 
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management of younger children across sites. 11,14 CTB rates were also considered in the context of injury 

severity, as defined by the presence of ciTBI and abnormal CTBs, to account for possible site differences in the 

prevalence of more severe injuries.  

Definitions 

ciTBI: death from TBI, neurosurgery, endotracheal intubation for more than 24 hours for TBI or hospital 

admission of 2 nights or longer associated with an abnormal CTB.6 

Abnormal CTB: any traumatic abnormality on CTB including all skull fractures and intracranial injuries (but 

excluding scalp haematoma). 

Neurosurgical intervention: intracranial pressure monitoring, elevation of depressed skull fracture, 

ventriculostomy, haematoma evacuation, lobectomy, tissue debridement or dura repair.  

Ethics and trial registration 

The institutional ethics committees at each site approved the study. We obtained informed verbal consent 

from parents/guardians, apart from instances of significant life-threatening or fatal injuries, where a waiver of 

consent was granted. 

The trial protocol16 was registered with the Australian New Zealand Clinical Trials Registry, 

ACTRN12614000463673.  

Statistical analysis 

Data were entered into Epidata(Odense, Denmark) and later REDCap(Research Electronic Data Capture),18 and 

analysed using Stata 15(Statacorp, Texas, USA). Descriptive statistics were calculated for key variables with 

95% confidence intervals (CI) where relevant. Comparison categorical variables between individual sites, ED 

type and country, were carried out using chi-square tests (or Fisher’s exact where expected cell counts were 

<5). Group age means were compared using an analysis of variance (ANOVA) model, and median age and LOS 
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using a Kruskal Wallis test. Site-adjusted totals were also calculated using generalised estimating equation 

(GEE) models, and presented with 95%CI.  The level of significance was set at 0.05. 

RESULTS 

Individual Sites 

A total of 20,137 children were included for analysis; 63.7% were male and median age spanned 3.6 to 4.8 

years across sites. Two sites accounted for 48% of participants. Site enrolment rates of eligible patients ranged 

from 63% to 94%.  

Variation between sites in injury severity, imaging and admission rates are summarized in Table 1. Across all 

patients enrolled, 10.5% received CTBs, with individual sites ranging between 2.6% and 18.6%. When adjusted 

for the site, CTB rate was 11.2% (95%CI 7.8-14.6). Less than 1% required neurosurgery at all sites and ciTBIs 

were found in 0.4% to 2.2%. Among the cohort receiving a CTB, the site-adjusted ciTBI incidence was 12.8% 

(95%CI 10.8-14.7); site rates varied between 8.8% (95%CI 4.4-13.1) and 16.9% (95%CI 13.9-19.9), with no 

statistically significant difference noted between sites. Abnormal CTBs were documented in 0.7% to 6.5% of all 

participants at each site. Among children receiving a CTB, these traumatic abnormalities were reported in 

29.3% (95%CI 26.2-32.3, site-adjusted), with individual site variation between 19.4% (95%CI 13.2-25.5) and 

35.6% (95%CI 26.3-45) (p 0.02). 

Admission rates were highly variable between sites, ranging from 5.0% to 48.9%. Admission locality also 

differed. The percentage with LOS≥4hours ranged from 13% to 39%, although median LOS varied more 

narrowly at between 1.8 (95%CI 1.2-3) and 3.2hours (95%CI 1.8-6.6) (Table 1). There was no consistent 

relationship between LOS≥4hours and CTB rates across sites, although a general trend to LOS≥4hours with 

higher CTB rates may exist (Figure 1). 

Children under 2 years of age 

Children under 2 years accounted for 22.6% to 31.4% of all participants across sites (Table 1). 

This article is protected by copyright. All rights reserved.



The CTB rate in the under twos was lower than in the “all ages” cohort at all sites, although the percentage of 

ciTBI detected was similar. As a result, the percentage of CTBs with a ciTBI was higher in this age group at 

every hospital.   The percentage of CTBs showing a traumatic abnormality (abnormal CT) was also higher; 9 

sites had rates of greater than 50%. At 8 sites, the admission rate and LOS≥4hours were at least as low, if not 

lower, in the under two years group when compared to the all ages group. There were no differences between 

sites in ciTBI or neurosurgical rate although overall numbers were low. 

Mixed vs Paediatric only EDs 

Sixteen percent of children enrolled were seen in mixed EDs.  The overall CTB rate was lower in mixed EDs 

(8.6% vs 10.8%), as was the number of abnormal scans as a percentage of all children seen (Table 2). These 

differences resolved when CTB rate was adjusted for injury rates (percentage of abnormal CTBs, CTBs with 

ciTBI).  There was a trend to a lower incidence of ciTBI and neurosurgery (not statistically significant) in mixed 

EDs.  Children in these hospitals were less likely to have a LOS≥4hours (19.8% vs 27.2%). No neurosurgery was 

performed in children under 2 years presenting to mixed EDs. 

Australia-New Zealand Differences 

The CTB rate was significantly higher at New Zealand sites compared to Australian sites (13.8% vs 10.0%) 

although the ciTBI, neurosurgical rate, and abnormal scan rate (as a percentage of all CTB) were not.  

Admission rates were lower at New Zealand sites and the percentage with a LOS≥4hours higher (Table 3). 
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DISCUSSION 

While variation between hospitals, type of ED and country exist, the CTB rate at all sites was less than 20%, 

with an overall site adjusted rate of 11.2%. Overall imaging rates described in this prospective study are similar 

to rates described in an earlier retrospective Australasian PREDICT study between 2001 and 2010, suggesting 

little change over time.13 Australasian CTB rates are considerably lower and less variable than the  paediatric 

CTB rates described in many other settings; in two large North American cohorts scanning rates across EDs 

varied between 19 and 58% (overall rate 36%)19 and 19.2 and 69.2% (35.3%)12 respectively.   This latter 

PECARN study12 found interhospital variation in the number of CTBs per ciTBI varied between 14.5 and 111.7; 

in our cohort this ranged from 5.9 to 11.4. An earlier retrospective Canadian study20 showed CTB rates of 6-

26% (15% overall). Lower rates have been described in other countries although limited published data are 

available on interhospital variation.7,21-24 Results from the APHIRST study15,25 demonstrate that clinicians at our 

centres are missing very few significant injuries, suggesting that the imaging rate is not inappropriately low.  

Imaging rates were also considerably lower than theoretical imaging rates would be if each of the clinical 

decision rules (CDRS) examined in APHIRST were applied strictly as a rule15, highlighting the importance of 

considering CDRs as a tool, rather than a rule per se.  

While there were differences in CTB rates between sites in our setting, there were no significant differences in 

the percentage of CTBs associated with clinically important injuries (ciTBI).  This finding  differs from several 

other studies where either no association was found between rate of injury and CTB use or imaging variation 

persisted  even after accounting for injury prevalance.12,19,20 Physician background and training was not 

collected as part of this study but has been associated with differential scanning rates in other studies.12,14 

Furthermore, while access to, and clinician comfort with, admission or observation in Australia and New 

Zealand  as an alternative  to immediate CTB may explain differences between our rates and those noted 

internationally, there was no consistent relationship between LOS≥4hours and CTB rates  across sites. Some 

sites which scanned fewer children also admitted less; at others, the inverse relationship applied.   
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Findings in the under two years old group bear some consideration.  In our cohort, this group had a lower rate 

of CTB use and a lower admission rate. Lower scan rates have been noted elsewhere,11,19 although this has not 

been universally reported.14The lower scan rate in this group may be driven by concerns about the age related 

lifetime cancer risks with radiation exposure.1-3 Interestingly, the admission rate and LOS≥4hours in the under 

2 years group was at least as low as in the all ages group in most hospitals. This may indicate that this group 

contains either a more dichotomized population than the all ages group with some very low risk infants (low 

mechanism, few/no symptoms) such as those that present for caregiver reassurance, or simply that there is a 

more conservative approach to scanning among clinicians given known radiation and sedation risks. Young 

children may also simply complain less of certain head injury related symptoms that earn older children a scan 

or admission.  While no missed injuries were reported in this age group,15over 50% of CTBs showed trauma 

related abnormalities at 90 % of sites in this study. This rate is high, raising the possibility that not all 

abnormalities are being detected with current low CTB rates. 

When considered as a group, mixed EDs had both lower scan and admission/LOS≥4hours rates than paediatric 

specific EDs. This difference in CTB rates resolves when the rate of abnormal scans is used for comparison, 

suggesting a possible population/injury severity related difference, rather than true practice variation. 

Internationally published studies have found both higher rates of CTB use in non-free standing  paediatric 

hospitals and suburban hospitals(USA)12 and lower rates(UK).11  Significant regional variation was also 

described in the UK. It must be noted that the number of mixed EDs in our study was small, and all are large 

metropolitan hospitals with a strong paediatric focus. As variation in practice may represent opportunities for 

health care improvement, it will be important to investigate head injury management practice across a wider 

range of hospitals to assess whether findings here are generalizable to the broader Australasian context.  

Recognising and understanding any such variation would be an integral step in the development of national 

guideline that would meet the needs of hospitals across Australia and New Zealand, irrespective of size or 

location.  

Limitations 
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This study has several limitations. Missed enrolment rate varied (1-34%) across sites; this may affect result 

validity. Similarly, two sites accounted for nearly half of enrolled patients. Certain parameters and groupings 

have relatively low numbers and thus a difference may not be detected where it actually exists. Differences in 

presenting population and injury severity have been approximated using gross parameters such as sex, age, 

ciTBI and abnormal CTB rates; more complex factors such as social demographics (e.g.non-accidental injury 

prevalence, high risk adolescent activities) and the frequency of different known predictors of intracranial 

injury may have influenced site specific practices.  Similarly, factors identified in other studies, such as 

physician training background were not assessed. Imaging practices may have been influenced by the CDR 

predictor variables collected as part of the parent study. However, among PREDICT site clinicians no CDR was 

widely used prior to the APHIRST study26 and CTB rates were stable over a 10 year period beginning prior to 

CDR publication.13,25  Admission practices, particularly for the purpose of observation, were also difficult to 

accurately identify. The most pragmatic measures (LOS≥4hours, median LOS) have been used to allow 

comparison, but these do not adjust for time to be seen by clinicians, and in particular, review by senior clinical 

decision makers. Finally, as previously discussed, the findings in this study may have limited generalizability to 

other centres in Australia and New Zealand. 

 

CONCLUSION 

While some variation in the management of paediatric head injury exists between the sites studied, overall 

imaging rates were low, and observation and admission is a widely used management strategy. The study sites 

were predominately tertiary centres; investigation of imaging and admission practices at non tertiary EDs of 

varied locality and type is required to ascertain if findings reflect broader ED practice across Australia and New 

Zealand.  
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Table 2 Comparison of Imaging and Management Practices between Mixed and Paediatric only Sites 

 
CTB- CT Brain; ciTBI - clinically important brain injury; LOS - length of stay; SSU - short stay unit; ICU - intensive care, HI - head injury: IQR - 
interquartile range; SD - standard deviation 
 

 
 

 

 

 
  

Hospital Type

n % (95%CI) n % (95%CI)  

Number 3193 16944

Sex [male] 2069 64.9 (63.2-66.5) 10754 63.5 (62.8-64.2)

Age 

Range (0.0-18.0) (0.0-18.0)

Mean (SD) 6.1 (4.9) 5.7 (4.6)

Median (IQR) 4.5 (2.0-9.8) 4.1 (1.9-8.9)

<2years 788 24.7 (23.2-26.2) 4586 27.1 (26.4-27.7)

CTB 274 8.6 (7.6-9.6) 1832 10.8 (10.3-11.3)

ciTBI (of total) 33 1.0 (0.7-1.4) 247 1.5 (1.3-1.6)

ciTBI (of CTBs) 33 12.0 (8.2-15.9) 247 13.5 (11.9-15.0)

Abnormal CTB (of total) 72 2.3 (1.7-2.8) 554 3.3 (3.0-3.5)

Abnormal CTB  (of CTBs) 72 26.3 (21.1-31.5) 554 30.2 (28.1-32.3)

Neurosurgery 7 0.2 (0.1-0.4) 76 0.4 (0.3-0.6)

Any admission for HI 569 17.8 (16.5-19.1) 3975 23.5 (22.8-24.1)

      Admitted to SSU 448 79.9 (76.5-83.2) 2718 68.7 (67.3-70.2)

      Admitted to ward 109 19.4 (16.1-22.7) 1224 30.9 (29.5-32.4)

      Admitted to ICU 17 3.0 (1.6-4.5) 164 4.1 (3.5-4.8)

Median LOS (IQR) 2.25 (1.3-3.6) 2.47 (1.4-4.3)

LOS ≥4h 630 19.8 (18.4-21.1) 4600 27.2 (26.6-27.9)

Admitted ≥ 2 days, 2 nights 67 2.1 (1.6-2.6) 548 3.2 (3.0-3.5)

                                   

Mixed Paediatric Only
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Table 3 Comparison of Imaging and Management Practices between Australia and New Zealand 
 
CTB- CT Brain; ciTBI - clinically important brain injury; LOS - length of stay; SSU - short stay unit; ICU - intensive care, HI - head injury: IQR - 
interquartile range; SD - standard deviation 
 

 
 

 

 
 

  

Country

n % (95%CI) n % (95%CI)

Number 2296 17841

Sex [male] 1462 63.7 (61.7-65.6) 11361 63.7 (63.0-64.4)

Age

Range (0.0-15.7) (0.0-18.0)

Mean (SD) 5.8 (4.4) 5.7 (4.7)

Median (IQR) 4.5 (2.0-9.2) 4.1 (1.9-9.0)

<2y 577 25.1 (23.4-26.9) 4797 26.9 (26.2-27.5)

CTB 317 13.8 (12.4-15.2) 1789 10.0 (9.6-10.5)

ciTBI (of total) 38 1.7 (1.1-2.2) 242 1.4 (1.2-1.5)

ciTBI (of CT scans) 38 12.0 (8.4-15.6) 242 13.5 (11.9-15.1)

Abnormal CTB (of total) 98 4.3 (3.4-5.1) 528 3.0 (2.7-3.2)

Abnormal CTB (of CTBs) 98 30.9 (25.8-36.0) 528 29.5 (27.4-31.6)

Neurosurgery 9 0.4 (0.1-0.7) 74 0.4 (0.3-0.5)

Any admission for HI 183 8.0 (6.9-9.1) 4361 24.4 (23.8-25.1)

      Admitted to SSU 5 2.8 (0.4-5.2) 3161 72.9 (71.6-74.2)

      Admitted to ward 158 88.3 (83.5-93.0) 1175 27.1 (25.8-28.4)

      Admitted to ICU 25 14.0 (8.9-19.1) 156 3.6 (3.0-4.2)

Median LOS (IQR) 3.14 (2.0-4.5) 2.32 (1.3-4.0)

LOS ≥4h 741 32.3 (30.4-34.3) 4489 25.2 (24.6-25.9)

Admitted ≥ 2 days, 2 nights 75 3.3 (2.5-4.0) 540 3.0 (2.8-3.3)

New Zealand Australia
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Table 1 Comparison of Imaging and Admission Practices across all Sites 
 
CTB- CT Brain; ciTBI - clinically important brain injury; LOS - length of stay; SSU - short stay unit; ICU - intensive care, HI - head injury: 
IQR - interquartile range; SD - standard deviation  

 

 

 

 

 

 

 

 

 

 

HOSPITAL
n % (95%CI) n % (95%CI) n % (95%CI) n % (95%CI) n % (95%CI) n % (95%CI) n % (95%CI) n %  

Demographics
Enrolment rate (%) 66.0 87.2 82.7  98.3  82.0  90.6  99.1  90   
Number included 5372  4373  1049  1710  1330  814  1482  1630    
Sex [male] 3490 65.0 (63.7-66.3) 2712 62.0 (60.6-63.5) 678 64.6 (61.7-67.5) 1103 64.5 (62.2-66.8) 864 65.2 (62.6-67.7) 527 64.7 (61.5-68.0) 935 63.1 (60.6-65.5) 1002 61
Age 

Range (0.0-18.0) (0.0-16.4) (0.0-18.0) (0.0-17.9) (0.0-17.9) (0.0-14.9) (0.0-15.7)
Mean (SD) 5.9 (4.8) 5.1 (4.3) 6.4 (5.0) 5.9 (4.5) 6.2 (5.0) 5.6 (4.5) 5.9 (4.4) 6
Median (IQR) 4.2 (1.9-9.6) 3.7 (1.8-7.5) 4.8 (2.2-10.2) 4.5 (2.1-9.4) 4.7 (2.0-9.8) 4.2 (1.8-9.2) 4.8 (2.1-9.2) 4
<2 years 1420 26.4 (25.3-27.6) 1229 28.1 (26.8-29.4) 237 22.6 (20.1-25.1) 411 24.0 (22.0-26.1) 332 25.0 (22.6-27.3) 219 26.9 (23.9-29.9) 358 24.2 (22.0-26.3) 426 26

Investigation and Management: all children
CTB rate overall 598 11.1 (10.3-12.0) 309 7.1 (6.3-7.8) 129 12.3 (10.3-14.3) 225 13.2 (11.6-14.8) 34 2.6 (1.7-3.4) 111 13.6 (11.3-16.0) 206 13.9 (12.1-15.7) 160 9
ciTBI (of total) 101 1.9 (1.5-2.2) 43 1.0 (0.7-1.3) 16 1.5 (0.8-2.3) 21 1.2 (0.7-1.8) 5 0.4 (0.1-0.7) 12 1.5 (0.7-2.3) 26 1.8 (1.1-2.4) 14 0
ciTBI (of CTBs) 101 16.9 (13.9-19.9) 43 13.9 (10.1-17.8) 16 12.4 (6.7-18.1) 21 9.3 (5.5-13.1) 5 14.7 (2.6-26.8) 12 10.8 (5.0-16.6) 26 12.6 (8.1-17.2) 14 8
Abnormal CTB (of total) 184 3.4 (2.9-3.9) 100 2.3 (1.8-2.7) 29 2.8 (1.8-3.8) 58 3.4 (2.5-4.3) 9 0.7 (0.2-1.1) 34 4.2 (2.8-5.5) 64 4.3 (3.3-5.4) 31 1
Abnormal CTB (of CTBs) 184 30.7 (27.0-34.4) 100 32.4 (27.1-37.6) 29 22.5 (15.3-29.7) 58 25.8 (20.1-31.5) 9 26.5 (11.4-41.5) 34 30.6 (22.0-39.2) 64 31.1 (24.7-37.4) 31 19
Neurosurgery 35 0.7 (0.4-0.9) 9 0.2 (0.1-0.3) 6 0.6 (0.1-1.0) 6 0.4 (0.1-0.6) 1 0.1 (0.0-0.2) 0 0.0 (0.0-0.0) 9 0.6 (0.2-1.0) 6 0
Any admission for HI 962 17.9 (16.9-18.9) 754 17.2 (16.1-18.4) 155 14.8 (12.6-16.9) 738 43.2 (40.8-45.5) 373 28.0 (25.6-30.5) 41 5.0 (3.5-6.5) 142 9.6 (8.1-11.1) 528 32
      Admitted to SSU 537 56.6 (53.5-59.8) 476 63.4 (59.9-66.8) 114 75.5 (68.6-82.4) 633 85.7 (83.1-88.2) 334 90.3 (87.3-93.3) 0 0.0 (0.0-0.0) 5 3.6 (0.5-6.7) 427 81
      Admitted to ward 399 41.9 (38.8-45.0) 286 38.1 (34.6-41.6) 34 22.5 (15.8-29.2) 94 12.7 (10.3-15.1) 38 10.3 (7.2-13.4) 37 92.5 (84.2-100.0) 121 87.1 (81.5-92.7) 118 22
      Admitted to ICU 69 7.2 (5.6-8.9) 20 2.7 (1.5-3.8) 11 7.3 (3.1-11.4) 19 2.6 (1.4-3.7) 2 0.5 (0.0-1.3) 4 10.0 (0.6-19.4) 21 15.1 (9.1-21.1) 14 2
Median LOS (IQR) 2.55 (1.4-4.1) 1.8 (1.2-3.0) 1.83 (1.1-3.0) 2.58 (1.2-5.1) 2.08 (1.3-3.4) 3.15 (1.9-4.7) 3.14 (2.1-4.4) 2.7  
LOS ≥4h 1399 26.2 (25.0-27.4) 774 17.7 (16.6-18.8) 138 13.2 (11.1-15.2) 600 35.2 (32.9-37.4) 213 16.0 (14.1-18.0) 279 34.4 (31.1-37.6) 462 31.2 (28.9-33.6) 435 26
Admitted ≥2 days, 2 nights 232 4.3 (3.8-4.9) 96 2.2 (1.8-2.6) 25 2.4 (1.5-3.3) 44 2.6 (1.8-3.3) 18 1.4 (0.7-2.0) 24 3.0 (1.8-4.1) 51 3.4 (2.5-4.4) 35 2
Investigation and Management: Under 2 years
CTB rate overall 88 6.2 (4.9-7.5) 57 4.6 (3.5-5.8) 11 4.6 (2.0-7.3) 35 8.5 (5.8-11.2) 6 1.8 (0.4-3.2) 26 11.9 (7.6-16.2) 40 11.2 (7.9-14.4) 28 6
ciTBI (of total) 18 1.3 (0.7-1.9) 9 0.7 (0.3-1.2) 3 1.3 (0.0-2.7) 4 1.0 (0.0-1.9) 1 0.3 (0.0-0.9) 4 1.8 (0.1-3.6) 7 2.0 (0.5-3.4) 4 0
ciTBI (of CTBs) 18 20.2 (11.8-28.6) 9 15.8 (6.2-25.3) 3 27.3 (0.0-54.9) 4 11.4 (0.7-22.1) 1 16.7 (0.0-49.3) 4 15.4 (1.2-29.5) 7 17.5 (5.6-29.4) 4 14  
Abnormal CTB (of total) 51 3.6 (2.6-4.6) 32 2.6 (1.7-3.5) 7 3.0 (0.8-5.1) 19 4.6 (2.6-6.7) 2 0.6 (0.0-1.4) 14 6.4 (3.1-9.6) 23 6.4 (3.9-9.0) 14 3
Abnormal CTB (of CTBs) 51 57.3 (47.0-67.6) 32 56.1 (43.1-69.1) 7 63.6 (33.8-93.5) 19 54.3 (37.5-71.0) 2 33.3 (0.0-74.7) 14 53.8 (34.3-73.4) 23 57.5 (42.0-73.0) 14 50  
Neurosurgery 7 0.5 (0.1-0.9) 2 0.2 (0.0-0.4) 0 0.0 (0.0-0.0) 1 0.2 (0.0-0.7) 0 0.0 (0.0-0.0) 0 0.0 (0.0-0.0) 1 0.3 (0.0-0.8) 1 0  
Any admission for HI 204 14.4 (12.5-16.2) 173 14.1 (12.1-16.0) 33 13.9 (9.5-18.3) 170 41.4 (36.6-46.1) 81 24.4 (19.8-29.0) 12 5.5 (2.5-8.5) 33 9.2 (6.2-12.2) 151 35
LOS ≥4h 259 18.3 (16.3-20.4) 174 14.2 (12.2-16.1) 24 10.1 (6.3-14.0) 138 33.7 (29.1-38.2) 43 13.0 (9.4-16.6) 66 30.3 (24.2-36.4) 112 31.3 (26.5-36.1) 107 25
Admitted ≥2 days, 2 nights. 39 2.8 (1.9-3.6) 24 2.0 (1.2-2.7) 4 1.7 (0.0-3.3) 8 2.0 (0.6-3.3) 5 1.5 (0.2-2.8) 8 3.7 (1.2-6.2) 9 2.5 (0.9-4.1) 10 2

 1 2 3 4 5 6 7 8
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Table 1 Comparison of Imaging and Admission Practices across all Sites 
 
CTB- CT Brain; ciTBI - clinically important brain injury; LOS - length of stay; SSU - short stay unit; ICU - intensive care, HI - head injury: IQR - interquartile range; SD - standard deviation  

 

 

 

 

 

 

 

 

 

HOSPITAL p
n % (95%CI) n % (95%CI) n % (95%CI) n % (95%CI) n % (95%CI) n % (95%CI) n % (95%CI) n % (95%CI) n % (95%CI) n % (95%CI) n % (95%CI) % 95% CI

Demographics
Enrolment rate (%) 66.0 87.2 82.7  98.3  82.0  90.6  99.1  90.3  74.1  67.5
Number included 5372  4373  1049  1710  1330  814  1482  1630  1255  1122  20137
Sex [male] 3490 65.0 (63.7-66.3) 2712 62.0 (60.6-63.5) 678 64.6 (61.7-67.5) 1103 64.5 (62.2-66.8) 864 65.2 (62.6-67.7) 527 64.7 (61.5-68.0) 935 63.1 (60.6-65.5) 1002 61.5 (59.1-63.8) 793 63.2 (60.5-65.9) 719 64.1 (61.3-66.9) 12823 63.7 (63.0-64.4) 0.076 63.7 (62.8-64.6)
Age 

Range (0.0-18.0) (0.0-16.4) (0.0-18.0) (0.0-17.9) (0.0-17.9) (0.0-14.9) (0.0-15.7) (0.0-17.9) (0.0-16.6) (0.0-17.6) (0.0-18.0)
Mean (SD) 5.9 (4.8) 5.1 (4.3) 6.4 (5.0) 5.9 (4.5) 6.2 (5.0) 5.6 (4.5) 5.9 (4.4) 6.3 (5.1) 5.4 (4.6) 5.1 (4.4) 5.7 (4.7) <0.001
Median (IQR) 4.2 (1.9-9.6) 3.7 (1.8-7.5) 4.8 (2.2-10.2) 4.5 (2.1-9.4) 4.7 (2.0-9.8) 4.2 (1.8-9.2) 4.8 (2.1-9.2) 4.7 (1.9-10.0) 4.0 (1.7-8.5) 3.6 (1.6-7.6) 4.2 (1.9-9.0) <0.001
<2 years 1420 26.4 (25.3-27.6) 1229 28.1 (26.8-29.4) 237 22.6 (20.1-25.1) 411 24.0 (22.0-26.1) 332 25.0 (22.6-27.3) 219 26.9 (23.9-29.9) 358 24.2 (22.0-26.3) 426 26.1 (24.0-28.3) 390 31.1 (28.5-33.6) 352 31.4 (28.7-34.1) 5374 26.7 (26.1-27.3) <0.001

Investigation and Management: all children
CTB rate overall 598 11.1 (10.3-12.0) 309 7.1 (6.3-7.8) 129 12.3 (10.3-14.3) 225 13.2 (11.6-14.8) 34 2.6 (1.7-3.4) 111 13.6 (11.3-16.0) 206 13.9 (12.1-15.7) 160 9.8 (8.4-11.3) 234 18.6 (16.5-20.8) 100 8.9 (7.2-10.6) 2106 10.5 (10.0-10.9) <0.001 11.2 (7.84-14.62)
ciTBI (of total) 101 1.9 (1.5-2.2) 43 1.0 (0.7-1.3) 16 1.5 (0.8-2.3) 21 1.2 (0.7-1.8) 5 0.4 (0.1-0.7) 12 1.5 (0.7-2.3) 26 1.8 (1.1-2.4) 14 0.9 (0.4-1.3) 27 2.2 (1.4-3.0) 15 1.3 (0.7-2.0) 280 1.4 (1.2-1.6) <0.001 1.4 (1.0-1.7)
ciTBI (of CTBs) 101 16.9 (13.9-19.9) 43 13.9 (10.1-17.8) 16 12.4 (6.7-18.1) 21 9.3 (5.5-13.1) 5 14.7 (2.6-26.8) 12 10.8 (5.0-16.6) 26 12.6 (8.1-17.2) 14 8.8 (4.4-13.1) 27 11.5 (7.4-15.6) 15 14.9 (7.9-21.8) 280 13.3 (11.8-14.7) 0.112 12.8 (10.8-14.7)
Abnormal CTB (of total) 184 3.4 (2.9-3.9) 100 2.3 (1.8-2.7) 29 2.8 (1.8-3.8) 58 3.4 (2.5-4.3) 9 0.7 (0.2-1.1) 34 4.2 (2.8-5.5) 64 4.3 (3.3-5.4) 31 1.9 (1.2-2.6) 81 6.5 (5.1-7.8) 36 3.2 (2.2-4.2) 626 3.1 (2.9-3.4) <0.001 3.3 (2.2-4.4)
Abnormal CTB (of CTBs) 184 30.7 (27.0-34.4) 100 32.4 (27.1-37.6) 29 22.5 (15.3-29.7) 58 25.8 (20.1-31.5) 9 26.5 (11.4-41.5) 34 30.6 (22.0-39.2) 64 31.1 (24.7-37.4) 31 19.4 (13.2-25.5) 81 34.6 (28.5-40.7) 36 35.6 (26.3-45.0) 626 29.7 (27.8-31.6) 0.023 29.3 (26.2-32.3)
Neurosurgery 35 0.7 (0.4-0.9) 9 0.2 (0.1-0.3) 6 0.6 (0.1-1.0) 6 0.4 (0.1-0.6) 1 0.1 (0.0-0.2) 0 0.0 (0.0-0.0) 9 0.6 (0.2-1.0) 6 0.4 (0.1-0.7) 7 0.6 (0.1-1.0) 4 0.4 (0.0-0.7) 83 0.4 (0.3-0.5) 0.009 0.4 (0.2-0.5)
Any admission for HI 962 17.9 (16.9-18.9) 754 17.2 (16.1-18.4) 155 14.8 (12.6-16.9) 738 43.2 (40.8-45.5) 373 28.0 (25.6-30.5) 41 5.0 (3.5-6.5) 142 9.6 (8.1-11.1) 528 32.4 (30.1-34.7) 302 24.1 (21.7-26.4) 549 48.9 (46.0-51.9) 4544 22.6 (22.0-23.1) <0.001 24.0 (15.4-32.6)
      Admitted to SSU 537 56.6 (53.5-59.8) 476 63.4 (59.9-66.8) 114 75.5 (68.6-82.4) 633 85.7 (83.1-88.2) 334 90.3 (87.3-93.3) 0 0.0 (0.0-0.0) 5 3.6 (0.5-6.7) 427 81.0 (77.7-84.4) 146 48.5 (42.9-54.2) 494 90.0 (87.5-92.5) 3166 70.1 (68.8-71.5) <0.001 53.3 (33.6-72.9)
      Admitted to ward 399 41.9 (38.8-45.0) 286 38.1 (34.6-41.6) 34 22.5 (15.8-29.2) 94 12.7 (10.3-15.1) 38 10.3 (7.2-13.4) 37 92.5 (84.2-100.0) 121 87.1 (81.5-92.7) 118 22.4 (18.8-25.9) 148 49.2 (43.5-54.8) 58 10.6 (8.0-13.1) 1333 29.5 (28.2-30.8) <0.001 40.4 (24.2-56.6)
      Admitted to ICU 69 7.2 (5.6-8.9) 20 2.7 (1.5-3.8) 11 7.3 (3.1-11.4) 19 2.6 (1.4-3.7) 2 0.5 (0.0-1.3) 4 10.0 (0.6-19.4) 21 15.1 (9.1-21.1) 14 2.7 (1.3-4.0) 14 4.7 (2.3-7.0) 7 1.3 (0.3-2.2) 181 4.0 (3.4-4.6) <0.001 5.1 (2.1-8.1)
Median LOS (IQR) 2.55 (1.4-4.1) 1.8 (1.2-3.0) 1.83 (1.1-3.0) 2.58 (1.2-5.1) 2.08 (1.3-3.4) 3.15 (1.9-4.7) 3.14 (2.1-4.4) 2.77 (1.7-4.1) 3.24 (1.8-6.6) 3.21 (1.7-5.3) 2.4 (1.4-4.1) <0.001 not calculable
LOS ≥4h 1399 26.2 (25.0-27.4) 774 17.7 (16.6-18.8) 138 13.2 (11.1-15.2) 600 35.2 (32.9-37.4) 213 16.0 (14.1-18.0) 279 34.4 (31.1-37.6) 462 31.2 (28.9-33.6) 435 26.7 (24.6-28.9) 491 39.4 (36.7-42.1) 439 39.2 (36.4-42.1) 5230 26.1 (25.4-26.7) <0.001 27.8 (21.9-33.8)
Admitted ≥2 days, 2 nights 232 4.3 (3.8-4.9) 96 2.2 (1.8-2.6) 25 2.4 (1.5-3.3) 44 2.6 (1.8-3.3) 18 1.4 (0.7-2.0) 24 3.0 (1.8-4.1) 51 3.4 (2.5-4.4) 35 2.1 (1.4-2.9) 63 5.1 (3.8-6.3) 27 2.4 (1.5-3.3) 615 3.1 (2.8-3.3) <0.001 2.9 (2.2-3.6)
Investigation and Management: Under 2 years
CTB rate overall 88 6.2 (4.9-7.5) 57 4.6 (3.5-5.8) 11 4.6 (2.0-7.3) 35 8.5 (5.8-11.2) 6 1.8 (0.4-3.2) 26 11.9 (7.6-16.2) 40 11.2 (7.9-14.4) 28 6.6 (4.2-8.9) 58 14.9 (11.3-18.4) 26 7.4 (4.7-10.1) 375 7.0 (6.3-7.7) <0.001 7.8 (5.3-10.3)
ciTBI (of total) 18 1.3 (0.7-1.9) 9 0.7 (0.3-1.2) 3 1.3 (0.0-2.7) 4 1.0 (0.0-1.9) 1 0.3 (0.0-0.9) 4 1.8 (0.1-3.6) 7 2.0 (0.5-3.4) 4 0.9 (0.0-1.9) 9 2.3 (0.8-3.8) 6 1.7 (0.3-3.1) 65 1.2 (0.9-1.5) 0.205 1.2 (0.9-1.6)
ciTBI (of CTBs) 18 20.2 (11.8-28.6) 9 15.8 (6.2-25.3) 3 27.3 (0.0-54.9) 4 11.4 (0.7-22.1) 1 16.7 (0.0-49.3) 4 15.4 (1.2-29.5) 7 17.5 (5.6-29.4) 4 14.3 (1.1-27.5) 9 15.5 (6.1-24.9) 6 22.2 (6.2-38.2) 65 17.2 (13.4-21.1) 0.961 not calculable
Abnormal CTB (of total) 51 3.6 (2.6-4.6) 32 2.6 (1.7-3.5) 7 3.0 (0.8-5.1) 19 4.6 (2.6-6.7) 2 0.6 (0.0-1.4) 14 6.4 (3.1-9.6) 23 6.4 (3.9-9.0) 14 3.3 (1.6-5.0) 33 8.5 (5.7-11.2) 17 4.8 (2.6-7.1) 212 3.9 (3.4-4.5) <0.001 4.4 (2.9-5.8)
Abnormal CTB (of CTBs) 51 57.3 (47.0-67.6) 32 56.1 (43.1-69.1) 7 63.6 (33.8-93.5) 19 54.3 (37.5-71.0) 2 33.3 (0.0-74.7) 14 53.8 (34.3-73.4) 23 57.5 (42.0-73.0) 14 50.0 (31.1-68.9) 33 56.9 (44.0-69.8) 17 63.0 (44.4-81.5) 212 56.2 (51.2-61.3) 0.976 not calculable
Neurosurgery 7 0.5 (0.1-0.9) 2 0.2 (0.0-0.4) 0 0.0 (0.0-0.0) 1 0.2 (0.0-0.7) 0 0.0 (0.0-0.0) 0 0.0 (0.0-0.0) 1 0.3 (0.0-0.8) 1 0.2 (0.0-0.7) 1 0.3 (0.0-0.8) 2 0.6 (0.0-1.4) 15 0.3 (0.1-0.4) 0.715 not calculable
Any admission for HI 204 14.4 (12.5-16.2) 173 14.1 (12.1-16.0) 33 13.9 (9.5-18.3) 170 41.4 (36.6-46.1) 81 24.4 (19.8-29.0) 12 5.5 (2.5-8.5) 33 9.2 (6.2-12.2) 151 35.4 (30.9-40.0) 89 22.8 (18.6-27.0) 207 58.8 (53.7-64.0) 1153 21.5 (20.4-22.6) <0.001 23.9 (14.7-33.2)
LOS ≥4h 259 18.3 (16.3-20.4) 174 14.2 (12.2-16.1) 24 10.1 (6.3-14.0) 138 33.7 (29.1-38.2) 43 13.0 (9.4-16.6) 66 30.3 (24.2-36.4) 112 31.3 (26.5-36.1) 107 25.1 (21.0-29.2) 144 37.1 (32.3-41.9) 158 44.9 (39.7-50.1) 1225 22.8 (21.7-24.0) <0.001 25.7 (18.7-32.7)
Admitted ≥2 days, 2 nights. 39 2.8 (1.9-3.6) 24 2.0 (1.2-2.7) 4 1.7 (0.0-3.3) 8 2.0 (0.6-3.3) 5 1.5 (0.2-2.8) 8 3.7 (1.2-6.2) 9 2.5 (0.9-4.1) 10 2.3 (0.9-3.8) 22 5.7 (3.4-8.0) 11 3.1 (1.3-5.0) 140 2.6 (2.2-3.0) 0.013 2.7 (2.0-3.3)
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