University Library

o o A gateway to Melbourne's research publications

Minerva Access is the Institutional Repository of The University of Melbourne

Author/s:
Bressan, S;Eapen, N;Phillips, N;Gilhotra, Y;Kochar, A;Dalton, S;Cheek, JA;Furyk, J;Neutze,
J;Williams, A;Hearps, S;Donath, S;0akley, E;Singh, S;Dalziel, SR;Borland, ML;Babl, FE

Title:
PECARN algorithms for minor head trauma: Risk stratification estimates from a
prospective PREDICT cohort study

Date:
2021-10-01

Citation:

Bressan, S., Eapen, N., Phillips, N., Gilhotra, Y., Kochar, A., Dalton, S., Cheek, J. A., Furyk,
J., Neutze, J., Williams, A., Hearps, S., Donath, S., Oakley, E., Singh, S., Dalziel, S. R.,
Borland, M. L. & Babl, F. E. (2021). PECARN algorithms for minor head trauma: Risk
stratification estimates from a prospective PREDICT cohort study. Academic Emergency
Medicine, 28 (10), pp.1124-1133. https://doi.org/10.1111/acem.14308.

Persistent Link:
https://hdl.handle.net/11343/298725



PECARN algorithms for minor head trauma: risk stratification estimates from a prospective

PREDICT cohort study

Authors
Silvia Bressan*, PhD!2, Nitaa Eapen*>°, Natalie Phillips, MBBS*#, Yuri Gilhotra, MBBS3, Amit Kochar
, MD>, Sarah'Dalton, BMed®, John A Cheek, MBBS? 7, Jeremy Furyk, PhD!%-12, Jocelyn Neutze,
MBChB!3, Amlanda Williams, BN?, Stephen Hearps, MBiostat?, Susan Donath, MA2?, Ed Oakley,
MBBS?79, Sonia*Singh; MD, MPH, MBAZ27%-14 Stuart R Dalziel, PhD'!> 16, Meredith L Borland,
MBBS'718, Franz E Babl, MD, MPH?7°, on behalf of Paediatric Research in Emergency Departments
International Collaborative (PREDICT).

*Joint first authors.

Affiliations
"Department of Women’s and Children’s Health, University of Padova, Padova, Italy.
2Clinical Sciences, Murdoch Children’s Research Institute, Melbourne, Victoria, Australia.
3Queensland Children’s Hospital, Brisbane, Queensland, Australia.
4Child Health Research Centre, University of Queensland, Brisbane, Queensland, Australia.
SEmergency Department, Women’s & Children’s Hospital, Adelaide, Australia.

*Emergency Department, The Children’s Hospital at Westmead, Sydney, Australia.

“Emergency Department, Royal Children’s Hospital, Melbourne, Australia.
SEmergency Department, Monash Medical Centre, Melbourne, Australia.
‘DepartmentofPaediatrics and Centre for Integrated Critical Care, Faculty of Medicine, Dentistry and
Health Sciences, University of Melbourne, Melbourne, Australia.
1%Emergency Department, The Townsville Hospital, Townsville, Australia.
“WEmergency Department, University Hospital Geelong, Geelong, Australia.
12S¢hool of Medicine, Faculty of Health, Deakin University, Geelong, Australia.
BEmergency Department, Kidzfirst Middlemore Hospital, Auckland, New Zealand.
“University-of California Davis Medical Center, Sacramento, CA, United States of America.
S:Emergency Department, Starship Children’s Health, Auckland, New Zealand.
16 Departments of Surgery and Paediatrics: Child and Youth Health, University of Auckland, Auckland,
New Zealand.
17Emergency Department, Perth Children’s Hospital, Perth, Australia.
18 School 6f Medicine, Divisions of Emergency Medicine and Paediatrics, University of Western

Australia.

This is the author manuscript accepted for publication and has undergone full peer review but has
not been through the copyediting, typesetting, pagination and proofreading process, which may
lead to differences between this version and the Version of Record. Please cite this article as doi:
10.1111/ACEM.14308

This article is protected by copyright. All rights reserved


https://doi.org/10.1111/ACEM.14308
https://doi.org/10.1111/ACEM.14308
https://doi.org/10.1111/ACEM.14308

Word count
# abstract words 296/300
# text words 2979
# tables 4
# supplementary table 1
# figures 1
# references 25

Keywords: clinical decision rule, traumatic brain injury, child, PECARN

Corresponding author:

Prof Franz E Babl

Emergency Research

Murdoch Children’s Research Institute Flemington Rd Parkville Victoria 3052
Australia

Phone 61 3 9345.6153

Fax 61 3 9345 600 Email franz.babl@rch.org.au

Email Addresses

silviabress@gmail.com (S Bressan)
nitaa.eapen@mecri.edu.au (N Eapen)
natalie.phillips@health.qld.gov.au (N Phillips)
yurigilhotra@me.com (Y Gilhotra)
amit.kochar@health.sa.gov.au (A Kochar)
sarah.dalton@health.nsw.gov.au (S Dalton)
john.cheek@reh.org.au (JA Cheek)
jeremy.furyk@barwenhealth.org.au (J Furyk)
jocelyn.neutze@middlemore.co.nz (J Neutze)
amanda.williams@rch.org.au (A Williams)
stephen.hearps@mcri.edu.au (S Hearps)

susan.donath@mcri.edu.au (S Donath)

This article is protected by copyright. All rights reserved


mailto:silviabress@gmail.com

ed.oakley@rch.org.au (E Oakley)
ssingh.qld@gmail.com (S Singh)
sdalziel@adhb.govt.nz (SR Dalziel)
meredith.borland@health.wa.gov.au (M Borland)
franz.babl@rch.org.au (FE Babl)

Declaration; of.conflicts of interests

None of the authors (SB, NE, NP, YG, AK, SD, JAC, JF, JN, AW, SH, SD, ED, SS, SRD, MB, FEB)
have conflicts of interests.

Acknowledgement

We would like(to thank the participating families and emergency department staff and research staff at
participating sites.

Funding

The study was funded by grants from the National Health and Medical Research Council (project grant
GNT1046727, Centre of Research Excellence for Paediatric Emergency Medicine GNT1058560),
Canberra, Australia; the Murdoch Childrens Research Institute, Melbourne, Australia; the Emergency
Medicine Foundation (EMPJ-11162), Brisbane, Australia; Perpetual Philanthropic Services (2012/1140),
Australia; Auckland Medical Research Foundation (No. 3112011) and the A + Trust (Auckland District
Health Board), Auckland, New Zealand; WA Health Targeted Research Funds 2013, Perth, Australia;
the Townsville'Hospital and Health Service Private Practice Research and Education Trust Fund,
Townsville, Australia; and supported by the Victorian Government’s Infrastructure Support Program,
Melbourne, Australia. FEB’s time was part funded by an NHMRC Practitioner Fellowship, Canberra,
Australia and a Melbourne Campus Clinician Scientist fellowship, Melbourne, Australia. SRD’s time
was part funded by the Health Research Council of New Zealand (HRC13/556) and Cure Kids New
Zealand.

Author Contributions

FEB conceived the main study, SB and FEB conceived this study. FEB obtained grant funding and
provided overall supervision. SB and NE provided the initial draft of the paper. All authors designed the
study, obtained the data, and provided supervision. SH analysed the data. AW supervised acquisition of
the data. All authorsscontributed to the interpretation of the data, drafted or revised the paper critically,

gave final approval to be published, and agreed to be accountable for all aspects of the work.

This article is protected by copyright. All rights reserved



0o N o 0o A WN B

10
11
12
13
14
15

16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

PECARN algorithmsfor minor head trauma: risk stratification estimatesfrom a
prospective PREDICT cohort study

DR. FRANZ E BABL (Orcid ID : 0000-0002-1107-2187)
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ABSTRACT
Background:

The Pediatric Emergency Care Applied Research Network (PECARN) head trauma
clinical decision rules informed the development of algorithms that risk stratify the
management of children based on their risk of clinically important traumatic brain
injury (CiITBI). We aimed to determine the rate of ciTBI for each PECARN algorithm
risk group in an external cohort of patients and that of ciTBI associated with different

combinations. of high or intermediate risk predictors.

M ethods:

Secondary analysis of a large multicenter prospective dataset, including patients with
GlasgowsComa Scale (GCS) scores 14-15 conducted in Australia and New Zealand.
We calculated ciTBI rates with 95% confidence intervals (Cl) for each PECARN risk
category and combinations of related predictor variables.

Results:

Of the 15;163 included children, 4011 (Ze)pwere aged < 2 years. The frequency of
ciTBLwas,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)
in therhighpintermediate and very low risk group respectively for children < 2 years
and 5.7% (95%ClI 4.4-7.2), 0.7% (95%CI 0.5-1.0) and 0.0% (95%CI 0.0-0.1) in older
children."The isolated high-risk predictor with the highest risk DBI was “signs of
palpable’skull fracture” for younger children (11.4%, 95%CI 528-5) and “signs of

basilar skull*fracture”, in children>2 years (11.1%, 95%CI 3.7-24.1). For older
children in the intermediate-risk category, the presence of all four predictors had the
highest risk of ciTBI (25.0%, 95%CI 0.6%-80.6%) followed by the combination of
“severe mechanism of injurand“severe headaché7.7%, 95%CI 0.2%-36.0%).
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The very few children <2 years at intermediate-risk with ciTBI precluded further

analysis.

Conclusions:

The riskestimates of ciTBI for each of the PECARN algorithms risk group were
consistent with the original PECARN study. The risk estimates of ciTBI within the
high and intermediate-risk predictors will help further refine clinical judgment and
decision-making on neuroimaging.

INTRODUCTION

Head injuries in children are common and repreadégdding cause of morbidity and
mortality'among pediatric patients. In the United States, over 800,000 children are
evaluated ifemergency departments (EDs) for blunt head trauma evehy\eite.

most children present with minor head trauma defined as a Glasgow Coma Scale
(GCS) of 14-15, a small proportion will have clinically significant intracranial injuries
that require rapid diagnosis by a computed tomography (CT) scan. However, the
majoritysef«children who undergo a CT scan for minor head trauma will have no
clinically,relevant findings:* Despite this, some multicentre studies in the United
Statés’havefound that head trauma is the most frequent condition leading 6 a CT.
While the.use of head CT varies widely between institutions and across different
countries®®®reducing unnecessary CT use in children is important to minimise
exposure to the harmful effects of ionising radiation and potential risks of sedation in

youngef patient&!*2

Many clinical decision rules have been created to assist clinicians to identify head-
injured children in need of CT scans based on their risk of significant intracranial
injury.A.largé validation study by Babl et aévaluated three different high-quality
clinical deeision rules that have been prospectively derived. While all three rules had
good aceuracy in identifying clinically significant head injuries, the Pediatric
Emergency Care Applied Research Network (PECARN) had the highest sensitivity
and therefare the lowest risk of missing a clinically important traumatic brain injury
(ciTBI).?
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The PECARN rule which differentiates between children aged < 2 yeabsand

years, informed the development of algorithms that can be used by treating clinicians
as a bedside decision aid. The PECARN rule was statistically-derived to identify
children at very low risk of ciTBI for whom a CT scan could safely be avoided based
on the"absence of predictor variablEse PECARN stratification algorithm, was

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

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

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

the presence of predictor variables, the algorithm stratifies the management of
childrenintosan intermediate risk or high risk group based on the risk of.ciTBI
Childrenat high risk are recommended to have a CT scan as the risk of ciTBI
outweighs the risks associated with radiation expoSEre.children at intermediate

risk, the rule becomes assistive rather than directive and encourages physicians to
evaluate the appropriateness of observation over immediate CT on the basis of
physician experience, multiple versus isolated findings, worsening condition over
time, agevofithe child and parental preferehbespite many validation studies on the
PECARN rule, the risk of ciTBI within each stratification group has not been assessed
in an‘external cohort of patients. In addition, although many secondary analyses of the
PECARN.database evaluated the risk of ciTBI when isolated predictors were present,
very limited data are available on the risk associated with a combination of predictors
compared with isolated predictdts.

The primary aim of this study was to determine the rate of ciTBI for each PECARN
algorithms.risk group in an external cohort of patients. The secondary objective was
to assess the risk of ciTBI associated with different combinations of high or
intermediate risk predictors.

METHODS

Study.design, setting and patients

We performed a planned secondary analysis of a prospective multicenter
observational study, the Australasian Paediatric Head Injury Rules Study (APHIRST)
that enrolled children presenting with heeglima of any severity to ten pediatric EDs

in Australia and New Zealand between April 2011 and November 201l EDs

This article is protected by copyright. All rights reserved
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are members of the Paediatric Research in Emergency Departments International
Collaborative (PREDICT) research netwdrk.

We collected all rule-specific predictor and outcome variables for the PECARN rule
for alheadrinjured children aged <18 years presenting with head tfatfiBased

on the original PECARN rule, we included patients presenting within 24 hours with a
GCS of 14 or 15 and excluded patients meeting any of the following criteria: trivial
mechanism of injury, GCS <13, penetrating trauma, known brain tumours, pre-
existing.neurological disorder complicating assessment, patient with ventricular
shunts or bleeding disorders, patient/family refusal to participate, referral from ED
triage t@'an external provider (i.e. not seen in the ED), did not wait to be seen, or
neuroimaging done prior to the transfer to a study site.

The outcome of clinically important traumatic brain injury (ciTBI) was defined as
death frem traumatic brain injury (TBI), neurosurgical intervention for TBI,
intubatiensefsmore than 24 h for TBI or hospital admission of two nights or more for
TBI related,symptoms, associated with TBI on CT, defined as per the original
PECARN study (admission for persistent neurological symptoms or signs such as
persistentalteration in mental status, recurrent emesis due to head injury, persistent

severe headache, or ongoing seizure management).

TBI on CT was 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.

The studywas approved by the institutional ethics committees at each participating
site. Wesobtained informed verbal consent from parents/guardians apart from
instances‘of,significant life-threatening or fatal injuries where participating ethics

committees granted a waiver of consent.

The trial protocol (described in detail elsewfiéfpwas developed by the study

investigators. The study was registered with the Australian New Zealand Clinical

This article is protected by copyright. All rights reserved
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132 Trials Registry (ANZCTR) ACTRN12614000463673 and followed the Standards for
133 Reporting of Diagnostic Accuracy studies guidelines.

134

135 Study procedures

136 Patients'were enrolled by the treating ED clinician who collected clinical data. Data
137 were collected on the PECARN rule inclusion and exclusion criteria, predictor

138 variables and outcome measur€alfle 1), as well as demographic and

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

140 collected predictive clinical data in the clinical report form prior to any neuroimaging
141 done. The clinical report form was completed directly by consultant-level clinicians
142 and senior trainees, or under their supervision for patients initially seen by junior

143 trainees. We used the GCS scores as assigned by the ED clinician, or if not available,
144  GCS scores at triage. Hospital admission was defined as admitted to inpatient ward,
145 ED short-stay unit, or intensive care unit. A research assistant recorded ED and

146 hospital management data after the visit and conducted up to six telephone follow-up
147 attemptspbetween 14 and 90 days after injury, for patients who had not undergone
148 neuroimaging. As per the original APHIRST study, this secondary analysis only

149 included patients with complete follow up data.

150

151 We used senior radiologist reports to determine the results of CT scans and operative
152 reportsfor patients who underwent neurosurgery. Neurosurgical intervention was

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

154  ventriculostomy, hematoma evacuation, lobectomy, tissue debridement or dura repair.
155

156 Site investigators, research assistants, and participating ED clinicians received formal
157 training and.were not blinded to the purpose of the study.

158

159 Statisticalranalysis

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

161 and those 2years and above separately; as such, we analysed our data in two groups.
162

163 We stratified our cohort into the three categories of high, intermediate and very low-
164 risk based on the PECARN predictor variafi&hildren were considered to be at

165 very low-risk if none of the predictor variables were present. Children were classified

This article is protected by copyright. All rights reserved
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as high or intermediate risk based on age-specific high or intermediate risk predictors,

as reported in Figure 1.

Data were entered into Epidata (The Epidata Association, Odense, Denmark), and
later RED@ap? and analysed using Stata 15 (Statacorp, College Station, Texas,
USA). Frequencies and percentages of demographic and injury characteristics, and
clinical symptoms and outcomes, as well as mean child age (and standard deviation
(SD)), were described for each age group and risk category. High and intermediate
risk count frequencies were also explored between those with and without ciTBI.
Finally, percentage of ciTBI within each combination of high and intermediate risk

factors were calculated with 95% confidence intervals)(Cls

RESULTS

Of 20,137 children from the original cohort, 15,163 were eligible for analysis after
applyingsPECARN inclusion and exclusion criteria in children with GCS 14;or 15

4011 (25.5%) were aged < 2 years and 11,152 (74ag€@)> 2 years. The majority

of GCS scores were assigned by the ED clinician and only 148 of 15,163 (0.98%) of
cases used'GCS scores at triage for the analysis. Overall 1528 (10.1%) were classified
ashighrisk, 6448 (42.5%gsintermediate risk and 7187 (47.4%sglow risk for

ciTBI (Figurel).

Clinical characteristics and outcomes of the analytic cohort by age group and
PECARN risk category are reportedliable S1. The majority of children presented

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

1471 (9.7%)/underwent cranial CT, 3718 (24.5%) were admitted, a ciTBI occurred in
0.9% (286"0f 15,163) and 19 (0.1%) required neurosurgery. There was only one child
in the veryslow risk category with ciTBI, who was missed; this child had no

predicters, had a parenchymal hemorrhage revealed on CT, was admitieétdays

and did notwequire neurosurgery.

The high-risk group had higher rates of cranial CT, abnormal CT, admission and
CiTBI (45.2%, 17.0%, 56.6% and 6.4% respectively) compared to the intermediate

This article is protected by copyright. All rights reserved
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risk group (10.1%, 1.9%, 30.0%, 0.6% respectively) and very low risk group (1.8%,
0.2%, 12.7% and 0.01% respectively). The most common findings on CT in the high
risk group were skull fracture (13.3%), of which 67.0% were non-depressed, 17.8%
were depressed and 15.8% were basilar, intracranial haemorrhage/contustn (7.7
and extra=axial (subdural or extradural) haemorrhage (4.9%). In the intermediate risk
group, cranial CT rates were higher in children aged > 2 years (11.6%) compared to
children'aged <2 years (4.9%). Six children ag@dyears at intermediate risk

required neurosurgery, four underwent craniotomy and elevation of depressed skull
fracture_ and,two required haematoma evacuation. None of children aged < 2 years at

intermediate/risk required neurosurgery.

The most frequent high-risk predictor was altered mental status in both age groups (<
2 years: 131/413; 31.7%; > 2 years: 921/1115; 82.6%). Severe mechanism of injury

was the most common predictor variable in the intermediate risk group for both ages
(<2 years: 836/1461; 57.2%; > 2 years: 3352/4987; 67.2%).

The riskiof ciTBI according to age specific PECARN risk group stratification is
reported inFigure 1. The frequency of ciTBI per age group based on the number of
predictorsspresent mescribed inrable 2. In the younger age group, 38/4011 (0.9%)

had a ciTBI. Of these 35/38 (92.1%) had one or more high risk predictors, while three
(7.9%) had only intermediate risk predictors. A ciTBI was identified in 98/11,152
(0.9%) of older children, of which 63/98 (64.3%) had one or more high risk
predictars, 34/98 (34.7%) had only intermediate risk predictors and one (1%) had no
PECARN predictors.

Overall, most children classified at high risk (n=1528) presented with only one high
risk predictor (77.1%) while 21.5% presented with two predictors. Similarly, of the
6448 children in the intermediate risk group, the majority presented with only one
intermediate risk predictor (77.2%) while 20.6% presented with two predictors. In

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

The most frequent high-risk predictors in children < 2 years who had ciTBI were a
palpable skull fracture (26/35, 74.3%) and altered mental status (24/35, 68.6%). In

older children with a ciTBI the most frequent high-risk predictors were altered mental
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status (48/63, 76.2%) and GCS score of 14 (37/63, 58.7%). The frequency of ciTBI
accading to the type and number of high-risk predictors for both age groups is
reported inTable 3 A and B.

Of the=3-ehildren < 2 years with intermediate risk predictors and ciTBI, two had an
isolate non-frontal scalp hematoma and one had both a scalp hematoma and did not
act normally according to parents. In older children with intermediate risk predictors
and ciTBI the most frequent were severe mechanism of injury (27/34, 79.4%) and
vomiting«(19/34, 55.9%). The highest frequency of ciTBI in older children occurred
when allithedntermediate risk predictors were present (25%, 95%680.6%).

Other combinations associated with a high frequency of ciTBI included severe
mechanism'of injury with severe headache (7.7%, 9590.2136.0%), and loss of
consciousness, vomiting and severe mechanism of injury (3.3%, 995%c3.4%).
(Table4 A and B)

DI SCUSSION

In this multicener prospective cohort study, we have analysed the PECARN
algorithmrisk stratification in detail in a large external cohort of children with minor
head trauma. We have assessed the risk of ciTBI for each PECARN algorithms risk
group and shown the risk of ciTBI associated with different combinations of high or
intermediate risk predictors. There was only one child with ciTBI who was missed;
this child in the very low risk category had no predictors, was admittedZatays

and did not require neurosurgery.

The majority of patients who were not at very low risk of ciTBI had a single predictor
withinthesintermediate risk category. Although PECARN secondary analyses on the
risk of ciTBlassociated with isolate intermediate risk factors have been previously
published;"eur study provides further clinically useful information on the risk of ciTBI
i) assoeiated with isolate intermediate risk predictors in an external population; ii) in
children with,isolate high-risk predictors; iii) according to the type and combination

of predictors within the high and intermediate risk groups.

This article is protected by copyright. All rights reserved



PECARN algorithmsfor minor head trauma: risk stratification estimatesfrom a
prospective PREDICT cohort study

265  Our study expands upon previous research by Nigrovic*8walich found that the

266 risk of ciTBI increased in children with severe mechanism of injury plus one other
267 PECARN predictors (altered mental status, any loss of consciousness, history of
268 vomiting, clinical signs of basilar skull fracture and severe heaglaOhbe data have

269 shownrthat-as the number of predictor variables increases, there is an associated
270 increased risk of ciTBI both overall and within the high and intermediate risk groups

271 for children of both age groups.
272

273  Within the high-risk group, we found that most younger children presented with either
274  a palpable skull fracture or altered mental status, while older children most often

275 presented with altered mental status or GCS scores of 14. At the same time, we found
276 that thevisolate high-risk predictors associated with the lowest ciTBI risk was GCS 14
277 or alteredsmental status in the younger age group and altered mental status in the older
278  children! A'clinical decision analysis published by Hennelly éf détermined the

279 optimalimaging strategy for young children with minor head trauma considering

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

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

282 decision analysis model was when the probability of ciTBI was 4.8% or higher, with
283 the threshold decreasing with lower radiation exposure, such as in in centers where
284  rapid magnetic resonance imaging is availdbBased on this analysis our findings

285 may help.refine clinical decision making for CT in the yoemghildren with

286 PECARN high risk of ciTBI variables of isolated GCS of 14 or altered mental status.
287 Howevergthe wide 95%CI boundaries of our results must be taken into account.

288

289  Within the intermediate risk group, most older children presented with either severe
290 mechanism of injury or vomiting. While the highest frequency of ciTBI was observed
291 when all intermediate risk predictors were present, confidence intervals were wide
292 due to the small number of patients in each category. Of the three children < 2 years
293 with €iIBlin the intermediate risk category, two had an isolated non-frontal scalp

294 hematoma and one had both a scalp hematoma and did not act normally according to
295 parents. Previous secondary analyses of the PECARN and APHIRST original dataset
296 have provided detailed risk estimates of ciTBI for each intermediate risk predictor in

297 isolation (meaning no other signs or symptoms of ciTBI), namely vomiting, loss of
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consciousness, scalp hematoma, severe mechanism of injury, severe headache and
child not acting normally as per guardian; in isolation they were associated with a
very low risk of ciTBI of less than 196.*% Our study adds to this literature by
providing ciTBI risk estimates for different combinations of predictors within the
PECARN-high and intermediate risk groups. The PECARN risk stratification and the
detailed risk estimates of ciTBI accorditigthe presence of isolated predictors or

their combination are helpful to further refine clinical decision making by

contributing to the overall clinician judgement.

The results_af our study should be interpreted in light of its limitations. Although this
is the sgcand largest cohort of patients with minor head trauma and prospectively
collected PECARN predictor variables, the limited sample size of patients with ciTBI
resulted in large confidence intervals of risk estimates for some predictor variables. In
addition, there were only three children in the younger age group with ciTBI in the
intermediate category, which prevented further analysis on risk refinement based on
number.ortypes of predictors present.

CT scans were obtained on a minority of patients, however the definition of the study
outcome,.namely the frequency of ciTBI, which is the PECARN primary outcome
variable is not influenced by the CT scan rate. In the original APHIRST study 10% of
patients were lost to follow up and were excluded from the analysis (if they did not
have neuroimaging during the follow-up period), as in these patients we could not

determine whether a ciTBI was present or absent.

CONCLUSIONS

The ratés,of.CiTBI for each of the PECARN algorithms risk group in our study were
consistent'with the original PECARN study. The risk estimates of ciTBI for different
combinations of high and intermediate risk predictors provided by this study will help
further.support and refine clinical judgment and decision making on neurognagin
Table 1: faelusion and exclusion criteria, predictor variables, and outcome

measur es of PECARN clinical decision rule

PECARN < 2 years PECARN 2 2 years

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

injury injury

Exclusion Trivial mechanism of injury, Trivial mechanism of injury,
defined by ground-level fall or defined by ground-level fall or
walking or running into walking or running into
stationary objects and no signs stationary objects and no signs
or symptoms of head trauma or symptoms of head trauma
other than scalp abrasions and other than scalp abrasions and
lacerations lacerations
Penetrating trauma Penetrating trauma
Known brain tumours Known brain tumours
Pre-existing neurological Pre-existing neurological
disorder disorder
complicating assessment complicating assessment
Neuroimaging at an outside Neuroimaging at an outside
hospital 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 Any or suspected LOC
Not acting normally per parent History of vomiting
report Severe headache

Examination GCS score <15 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

Other signs of altered mental
status (agitation, somnolence,
repetitive questioning, slow
response to verbal
communication)

Signs of basilar skull fracture
(retro-auricular bruising
(Battle’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 TBI#, associated with TBI on
CT§

prospective PREDICT cohort study

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 TBI#, associated with TBI on
CT§

PECARN =Pediatric Emergency Care Applied Research Network. ED = emerggrarynatent. GCS =
Glasgow Coma Scale. LOC = loss of consciousness. MVC = motor vedfaiste BI = traumatic brain

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

for TBI defined by admission for persistent neurological symptoms os sigech as persistent alteration in

mental status;recurrent emesis due to head injury, persistent severe headamheing seizure managemen

§TBI on CT defined by any of the following descriptions: intracranieht@rhage or contusion, cerebral

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

intracranial contents or signs of brain herniation, diastasis of the skull, pneuralrser 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 intermediaterisk predictorsand high risk predictors

Age<2years Age=>2 years
(n =4011) (n=11,152)
n/N % (95%Cil) n/N % (95%Cl)

Any predictors.present  38/1874 2.0  (1.4-2.8) 97/6102 1.6  (1.3-1.9)
High risk predictorsconly: ~ 35/413 8.5  (6.0-11.6) 63/1115 5.7  (4.4-7.2)

o 1 predictor 14/342 4.1 (2.3-6.8) 35/836 4.2 (2.95.8)
o2 predictors 15/60 25.0 (14.7-37.9) 24/269 8.9 (5.8-13.0)
« 3 prediétors 6/11 545 (23.4-83.3) 4/10 40.0 (12.2-73.8)

Intermediate [risk predictor:
3/1461 0.2  (0.0-0.6) 34/4987 0.7 (0.5-1.0)

only:
« 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)
e 4 predictors 0/0 0.0 - va 25.0 (0.6-80.6)
No predictors present 0/2137 0.0 (0.0-0.2) 1/5049 0.0 (0.0-0.12)

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

ciTBI = clinically important traumatic brain injury.

Table 3: Ratesof'¢iTBI by combinations of high risk predictorsin children aged < 2 years (A) and

aged > 2 years (B)
A.
Age<2years
R
=
5 £
8 =
5%
s &l 2
Y I S
8 &%
® = &  dTsI N %  (95% CI)
x | o 1 65 1.5  (0.0-8.3)
2
— o 4 197 20 (0.6-5.1)
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. 9 79 11.4 (5.3-20.5)
° ° 4 19 21.1 (6.1-45.6)
()
A 4
2 | e o 1 1 100.0 (2.5-100.0)
N
— 10 40 25.0 (12.7-41.2)
°
0 ° ° ° 6 11 54.6 (23.4-83.3)
™
B.
Age > 2 years
-+
-
® =
T o
& Sl
= B 5
8 211
o f< & dTBI N %  (95% Cl)
o 10 146 6.9 (3.3-12.2)
X
& . 20 644 31 (1.9-4.8)
—
. 5 45 11.1  (3.7-24.1)
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e o 23 260 8.9 (5.7-13.0)
()
4
2 o o 0 2 0.0 (0.0-84.2)
N
o o 1 7 14.3 (0.4-57.9)
g
0 e o o 4 10 40.0 (12.2-73.8)
™

tGCS = Glasgow coma scale. §Signs of altered mental status: agitation, somnolence, repetitive questioning or slow
response to verbal communication. +Signs of basilar skull fracture: as retro-auricular bruising (Battle’s sign), 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 intermediaterisk predictorsin

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

A.
Age<2years
Ko
£
- # 8
©
: S 2
— w [} "5‘
e § © ¢
2 S & 2 ars N % (95% Cl)
L g»‘ . 2 259 0.8 (0.1-2.8)
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o 0 70 0.0 (0.0-5.1)
. 0 610 0.0 (0.0-0.6)
e« O 244 0.0 (0.0-1.5)
o win 0 5 00 (0.0522)
o o 0 101 00 (0.03.6)
9 | e o 1 34 29 (0.1-15.3)
0
< . 0 24 00 (0.0-14.3)
A e« O 8 00 (0.0-36.9)
e o O 73 0.0 (0.0-4.9)
° ° ° 0 5 0.0 (0.0-52.2)
9 | o e« O 5 00 (0.0522)
0
1 e e o O 15 0.0 (0.0-21.8)
sTe o O 7 00 (0.0-41.0)
i)
@ ) ° ) ° 0 0
=
B.
Age > 2 years
()
S
L 3
o 3
B T
= Q ()]
S © B
S S8 & drtsl N % (95% Cl)
x | o 1 627 02 (0.0-0.9)
2
- . 4 854 05 (0.1-1.2)
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° 10 2279 0.4 (0.2-0.8)

° 0 19 0.0 (0.0-17.7)

° ° 2 120 1.7 (0.2-5.9)

° ° 3 486 0.6 (0.1-1.8)

% ° ° 0 8 0.0 (0.0-36.9)

E ) ) 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 90 3.3 (0.7-9.4)

% ° ) ° 0 1 0.0 (0.0-97.5)

E_:, ° ° ° 0 3 0.0 (0.0-70.8)

° ° ° 0 7 0.0 (0.0-41.0)

% ° ° ° ° 1 4 25.0 (0.6-80.6)
oy

tHematoma: either occipital, parietal or temporal hematoma. §LOC = loss of consciousness (LOC = 5s in children aged < 2
years and anyor suspected LOC in children aged = 2 years. $MOI = mechanism of injury (severe MOI 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 2 years); or head struck by high-impact object). ciTBI =

clinically importanttraumatic 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. fsigns 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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