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ABSTRACT

Background Clinical decision rules (CDRs) are
commonly used to guide imaging decisions in cervical
spine injury (CSI) assessment despite limited evidence
for their use in paediatric populations. We set out to
determine CSl incidence, imaging rates and the frequency
of previously identified CSI risk factors, and thus assess
the projected impact on imaging rates if CDRs were
strictly applied as a rule in our population.

Methods A single-centre prospective observational
study on all aged under 16 years presenting for
assessment of possible CSI to a tertiary paediatric
emergency department over a year, commencing
September 2015. CDR variables from the National
Emergency X-Radiography Utilization Study (NEXUS) rule,
Canadian C-Spine rule (CCR) and proposed Paediatric
Emergency Care Applied Research Network (PECARN)
rule were collected prospectively and applied post hoc.
Results 1010 children were enrolled; 973 had not
received prior imaging. Of these, 40.7% received cervical
spine imaging; 32.4% X-rays, 13.4% CT scan and 3%
MRI. All three CDRs identified the five children (0.5%)
with CSI who had not received prior imaging. If CDRs
were strictly applied as a rule for imaging, projected
imaging rates in our setting would be as follows:
NEXUS-44% (95% Cl 41% to 47.4%), CCR-at least
48.4% (95% Cl 45.3% to 51.7%) and PECARN-68%
(95% C165.1% to 71.1%).

Conclusion CSls were rare (0.5% of our cohort),
however, 40% of children received imaging. CDRs have
been designed to guide imaging decisions; if strictly
applied as a rule for imaging, the CDRs assessed in this
study would increase imaging rates. Projected rates
differ considerably depending on the CDR applied. These
findings highlight the need for a validated paediatric-
specific cervical spine imaging CDR.

INTRODUCTION

Paediatric cervical spine injury (CSI) is rare, occur-
ring in an estimated 1%-2% of trauma presenta-
tions,"™ but can have devastating consequences
including death and long-term disability. Clinicians
therefore seek to identify all CSls, generally through
the use of imaging modalities such as plain X-ray
films (XR), computed tomography scans (CT) and
magnetic resonance imaging (MRI).

What is already known on this subject

» In adults, well-evidenced clinical decision rules
(CDRs) such as NEXUS rule and Canadian C-
Spine rule (CCR) rule can be used to guide the
decision to image or not image for possible
cervical spine injury (CSI).

» In children, the validity of CDRs mainly derived
in adults is limited and a paediatric risk tool
for CSI from the Pediatric Emergency Care
Applied Research Network (PECARN) is only in
development.

» The performance of these tools in children,
including their potential impact on imaging
rates, has not been adequately studied.

What this study adds

» In a single-centre prospective cohort study of
973 children aged under 16 years with possible
CSl, radiographically confirmed CSls were rare
(0.5%).

> Use of NEXUS, CCR and PECARN tool to guide
the decision to image or not image could
increase the baseline imaging rate of 41% to
between 44% and 68%.

Imaging carries risks including exposure to
ionising radiation and increased lifetime cancer
risk,>™® and the need for sedation and its associated
risks in some young or unco-operative children.”"!
Cervical spine immobilisation and imaging also has
resource implications in terms of cost, staff time
and prolonged bed occupancy in the emergency
department (ED). Prolonged immobilisation can
be distressing and may cause harm (skin pressure
injuries, respiratory compromise).'* "> ED clinicians
are thus faced with the decision of which children
should receive imaging and for whom it can be
safely avoided.'*1®

To address these concerns, attempts have been
made to risk stratify patients with blunt trauma,
identifying those at higher risk of CSI, and thus in
need of imaging, through the use of clinical decision
rules (CDRs). The most well known of these are
the US derived National Emergency X-Radiography
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Utilization Study Low Risk Criteria (NEXUS)Y ® and the
Canadian C-Spine rule (CCR)."” The CCR has not been vali-
dated in children although use or modified use in paediatric
cohorts and guidelines has been described.” ' *° The validity
of NEXUS in younger paediatric cohorts has been questioned
given the limited number of included children with CSI.> ¢!
Some studies applying rule criteria retrospectively’ *! have found
neither perform well enough for use in children under 8 years.
More recently, the Pediatric Emergency Care Applied Research
Network (PECARN)** described eight variables associated with
paediatric CSI which, if applied as CDR, would have detected
98% of CSIs in their retrospective derivation cohort and may
have reduced imaging rates in this population by up to 25%.

In the absence of a better tool, and despite concerns with
applying essentially adult-derived CDRs for CSI to paediatric
populations, these rules and proposed rules are often used ad
hoc in practice to guide clinician decision making in children
presenting with blunt neck trauma. They may be used in combi-
nation or with individual practitioner or institutional modifica-
tion based on clinical experience.*?’ All three CDRs were likely
known at our centre at the time of the study and were referenced
in a local practice guideline. Given the paucity of information
in paediatric CSI assessment, we set out to determine CSI inci-
dence, imaging rates and the frequency of previously identified
CSI risk factors, and thus assess the projected impact on imaging
rates if CDRs were strictly applied as a rule for imaging in our
population.

METHODS

Study setting and design

A prospective observational study was conducted within the
ED of a specialist paediatric hospital in Brisbane, Australia. The
hospital is the state’s only paediatric trauma centre, serves a
population of 4.9 million and has an annual ED census of over
65000. Participants were recruited over 1year (September 2015
to September 2016).

Participant selection

Participants were eligible for inclusion if they were aged under
16 years and met at least one of the following: (1) immobilisa-
tion pre arrival for possible CSI, (2) presentation with neck pain
in the context of trauma or (3) otherwise considered at risk of
neck injury by the ED team (eg multi- trauma patient or trauma
patient with abnormal neurology, posturing or altered conscious-
ness level). Participants were excluded if they declined participa-
tion, did not wait to be seen or a successful follow-up phone
call was viewed as unlikely (eg overseas resident, no easily iden-
tifiable guardian, transient living situation, insufficient English
language). Children assessed by our ED clinicians as having had
their cervical spines fully assessed and cleared at another hospital
prior to transfer for the definitive management of other injuries
were excluded.

ED clinical staff identified and enrolled patients. No specific
guidance on management, including imaging, was given and staff
were instructed to manage patients as they normally would.

Verbal consent for inclusion was obtained in ED by clinical staff
or by research staff during telephone follow-up. An ethical waiver
of consent for inclusion was granted for children who died (or had
a family member die) of injuries associated with their presentation.

Data collection and measurements

Data were collected at three discrete times: initial clinical assess-
ment, post-discharge medical record review and telephone
follow-up 1-3 months post presentation.

Telephone follow-up was conducted to ensure no CSIs were
missed. It was attempted for all patients apart from those with
a waiver of consent (maximum six attempts). Where follow-up
identified patients imaged outside the study hospital, radiology
reports were requested and reviewed. Patients unable to be
contacted were not excluded if consent had been obtained in
ED. In these patients, hospital records were rescreened for
possible missed injury or representation. As our hospital is the
only paediatric spinal referral centre in the large geographical
area it serves and the community of paediatric spinal surgeons
is small, it was thought highly unlikely that a significant injury
would have been missed in this process.

Presentation details (history, prior imaging, mechanism,
examination) and initial management plan were recorded on
initial assessment. Imaging, admission or operative details were
collected on later record review. Participants who received
cervical spine imaging prior to ED arrival were excluded from
further analysis in this paper.

The presence of CDR-specific criteria was collected prospec-
tively by clinicians (table 1).

Outcomes

Primary outcome was the presence of any radiologically-
determined CSI as defined below. Secondary outcomes included
rates of imaging and clinical clearance, and first-line imaging
choice.

Definitions
Clinical clearance was defined as cervical spine clearance without
imaging.

CSI was defined as any radiological CSI on XR, CT or MRI
as reported by specialist paediatric radiologists. Clinically signif-
icant CSI has been variably defined in previously published
studies.'’~1? 2

Suspected other substantial injuries were defined as injuries
that were life-threatening, required surgical intervention or
warranted inpatient admission consistent with another large
paediatric study.*” This variable was collected at two time points:
prospectively by clinicians based on information available during
initial assessment in ED and retrospectively by researchers when
complete clinical notes were available to assess for variation.
Clinician assessment was considered the primary CDR variable.

The presence of distracting injury was determined by the clini-
cian (no specific definition supplied). For comparison, the pres-
ence of a distracting injury was also determined retrospectively
from clinical notes by the research team using the published
NEXUS definition.'” Clinician assessment was considered the
primary variable.

Triage urgency was categorised using the Australian Triage
Scale where patients in categories 1, 2, 3, 4 and 5 are to be seen
immediately and within 10, 30, 60 and 120 min, respectively.

For NEXUS and PECARN rules, children were considered
‘rule positive’ if they had at least one CDR variable definitively
present. Both identify individuals to be at lower risk if no CDR
criteria are present and suggest imaging may be avoided in these
patients. In this study, when strictly applying CDRs to our popu-
lation, we considered ‘rule positive’ children to have imaging
indicated. Unknown and missing variables were considered as
not present when assessing rule positivity to ensure projected
imaging rates with strict rule application were not overesti-
mated. The CCR was more complex to apply due to the step-
wise nature of the rule itself and an unintended omission in our
study variable collection where we did not identify the specific
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ED Presentations with
possible cervical spine injury

66647

22 Excluded

- 13 no parent available

- 6 language

- 2 overseas residents
1096 1 Did not wait

Eligible Patients "| 20 Refused consent

25 Consent not obtained

9 Missed recruitment
- 3 imaged prior to presentation
- 6 nil CSI on record review

37 had Initial imaging prior to arrival
1010 of which 9 had confirmed
Cervical Spine Injury

973
No imaging prior

A

577
No imaging

* No known missed injuries
93.2% telephone follow-up rate

ED - Emergency Department

CSlI - Cervical Spine Injury

XR - Plain films

CT - Computed Tomography

MRI - Magnetic Resonance Imaging

All imaging pertains to cervical spine only

Figure 1

presence of two of the five low-risk features which determine
suitability for neck movement assessment (seated position on
ED arrival, simple rear end motor vehicle collision). As such, we
could only determine a minimum number of ‘rule positive’ indi-
viduals in our study. Children were thus defined as CCR ‘rule
positive’ if they had a definite indication for imaging as defined
by positive high-risk features or documented neck movement
restriction to less than 45° (table 1). Strictly applied, the CCR
excludes children. It also excludes those with a Glasgow Coma
Scale Score<15, acute paralysis and known vertebral disease.
For study purposes, these children were considered ‘rule posi-
tive” with imaging indicated.

Data management and analysis

Data were directly entered into a Redcap database.”® Quantita-
tive data including descriptive and comparative analyses were
undertaken using SPSS V.25 (IBM Corp, Armonk, NY).

Patient and public involvement

Patients and the public were informally involved in the design
and conduct of the research. No formal patient advisory group
was established but is intended for future-related projects.

RESULTS

A total of 973 children who had not received imaging prior to
arrival were assessed for possible CSI (figure 1). Five children
(0.5%) had CSIs. Loss to telephone follow-up rate was 6.8%.
As per our previously stated rationale, these children have been
included in the analysis. There were no known missed injuries.

Demographics, mechanism of injury and imaging undertaken

Sixty-six percent of participants were male. Median age was
10.9 years; 30% were aged under 8. Injury mechanism was
identified as a fall in 54.5% and motor vehicle related in 21%.
Seventy-three percent arrived directly via ambulance, a further
3% respectively arrived as a primary retrieval or interhospital

to arrival

A
396

Imaging
XR CT MRI
315 130 29

4 A

5
Confirmed Cervical Spine Injury*

Children aged less than 16 years assessed for possible cervical spine injury across 1 year.

transfer and 20.6% via private transport. Ninety percent were
triaged 1-3 by Australasian Triage Scale (table 2).

Glasgow Coma Scale Score was 15 in 92%. Neck pain was the
most common complaint (45.9%), followed by tenderness on
examination (42.9%); only 27.4% had definite posterior midline
tenderness. Overall, 6% of participants had focal neurology and
23.9% suspected substantial other injuries.

In children presenting with no prior imaging, 40.7% had their
cervical spine imaged after ED arrival; 32.4% received XRs,
13.5% a CT and 3% MRI. Nearly all (98%) XRs and CTswere
conducted while the patient was in ED.

Prevalence of individual CDR criteria in children without prior
imaging

The prevalence of CSI risk factors identified in NEXUS, CCR
and PECARN studies in our population is shown in figure 2,
alongside the percentage of children imaged in our population
with these individual risk factors.

CDR positive
NEXUS
A total of 430 children (44.2%, 95% CI 41% to 47%) defin-
itively met =1 NEXUS criteria (excluding unknowns), that
is, were CDR positive (table 3). An online supplemental table
shows the impact on this number when risk criteria definitions
are varied.

Of the 430 considered NEXUS CDR-positive, 325 were
imaged (75.6%).

PECARN

The number of children positive for at least one of the PECARN
criteria varies according to how certain risk variables are inter-
preted (online supplemental table). When any history of neck
pain (pre-hospital or ED) in a child aged 2 years and older, and
any restriction of neck movement, is considered, this percentage
is 68.1% (663 children,95% CI 65.1% to 71.1%).
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Of the 663 children meeting with these criteria, 359 were
imaged (54%).

CCR
For reasons discussed, CCR positivity is more difficult to inter-
pret and only a minimum number can be calculated. Using only
definitive indications for imaging as specified in the ‘Methods’
section and the most conservative estimates of bicycle collision,
472 children (48.4%,95% CI 45.3% to 51.7%) would have had
imaging indicated.

Of the 472 with definitive CCR imaging criteria, 236 (50.0%)
were imaged.

Percentage of children imaged who were CDR positive

A total of 396 children (40.7%) without prior imaging received
imaging in ED. Of these, 82.1% of all imaged children were
rule positive for NEXUS (85.3% if any NEXUS criteria were
positive or unknown); 90.7% were positive for the most inclu-
sive PECARN interpretation (91.4% if at least one positive or
unknown criterion).

Children with cervical spine injuries
Five children had CSI. Ages ranged from 7 to 14years (median
10.9); all were males. Mechanisms were varied and included
vehicle-related, contact sports and falls. Clinical features also
varied—intubated (2), neck pain (3) and abnormal neurology
(1). CT was performed as first-line imaging in three children, XR
in two. First-line imaging did not identify the injury in two cases
(one CT, one XR). Injuries varied: C1 fractures, annular tears,
upper cervical spine anterolisthesis with oedema, cord oedema
and ligamentous injuries. Three children had upper CSIs only
(occiput—C2), one lower and one both.

All three CDRs identified the children with CSI.

Online supplemental table describes the impact of varying
CDR interpretation on the number of CDR-positive children
and number of CDR-positive children actually imaged.

DISCUSSION

The incidence of CSI in our population among those assessed
for possible CSI was low (0.5%). This is consistent with other
published studies' > and with our sample size precludes formal
validation of the CDRs studied. Despite this low CSI incidence,
over 40% of children assessed for possible injury received
imaging.

While the three CDRs identified all children with radiolog-
ically confirmed CSI, projected imaging rates when any of the
studied CDRS were strictly applied in our cohort ranged from
44% to 68%, highlighting the potential for strict application
of these CDRs to further increase imaging rates in our popu-
lation. This unintended consequence of CDRs has been noted
previously with the desired high sensitivity often achieved at the
expense of specificity.”* For CDRs in paediatric CSI assessment,
both less than perfect sensitivity and lack of specificity (with high
imaging rates) carry significant risks and costs. The challenge lies
in balancing the risk of missed spinal injuries against an increased
risk of future malignancy, excess resource use and unnecessary
immobilisation and potential sedation-related adverse events.

Currently, there are no well-validated paediatric CDRs,
although both CCR and NEXUS rules are often used in practice
to inform clinical decision-making and institutional guidelines.
The CCR" was derived from a cohort of 8924 patients aged 16
years and older. While it has been suggested that the CCR may
have better diagnostic accuracy than NEXUS in adult subjects®

Table 2  Children assessed for possible cervical spine injury with no
prior imaging (n=973): demographics, mechanism of injury, imaging
and outcomes

n %
Sex Male 643 66.1
Female 330 33.9
Age (years) Median (25th, 75th 10.9 (7.1,13.6)
percentile)
Range 0.01-15.99
Under 8 (under 2) 295 (46) 30.3 (4.7)
Mode of arrival Self-referred 183 18.8
GP without ambulance 18 1.8
Ambulance 709 72.9
Primary retrieval 30 3.1
Interhospital transfer 31 3.2
Other 2 0.2
Australasian Triage Scale 1 93 9.6
2 505 51.9
3 277 285
4 97 10.0
5 1 0.1
Mechanism
Motor vehicle related 206 21.2
Motor vehicle occupant 100 485
Pedestrian/cyclist hit 67 325
by car
Driver/passenger in 35 17.0
motorbike accident,
all terrain vehicle or
motorised scooter
Other 4 1.9
Fall 530 54.5
<lm 232 43.8
1-3m 229 43.2
>3m 44 83
Unknown 25 47
Imaging
Any modality 396 40.7
XR 315 324
cT 130 134
MRI 29 3.0
Multiple modalities
XR+CT 44 4.5
XR+MRI 10 1.0
CT+MRI 10 1.0
XR+CT+MRI 7 0.7
First-line investigations n=396
XR* 307 77.3
T 87 22.0
MRI 2 0.5
Outcomes
Cervical spine injuries 5 0.5
Deaths 4 04
Intensive care admissions 27 2.8

*The eight children who received XR but not as first-line investigations all had flexion
extension views.
XR, plain X-ray films.

and includes mechanism of injury (identified as an important
predictive factor in other paediatric CSI studies),”? *° the CCR
has not been validated in a paediatric cohort.

The NEXUS study of 34069 patients included 3065 patients
younger than 18 years and had 100% sensitivity in identifying
paediatric CSI (95% CI 87.8 to 100%)."® Of the 30 children
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Children imaged

Figure 2 Presence of individual rule criteria in cohort and percentage of children actually imaged with each criteria (n=973). CCR, Canadian C-Spine
rule;'® CSl, cervical spine injury; ED, emergency department; GCS, Glasgow Coma Scale Score; MV, motor vehicle; MVA, motor vehicle accident; NEXUS,
National Emergency X-Radiography Utilization Study Low Risk Criteria;'*'> PECARN, Pediatric Emergency Care Applied Research Network."

with CSI, only four were aged under 9years (none under 2).
As noted by the authors and others since,® '° *! this questions
the validity of this rule in younger children. One paediatric
retrospective single-centre study of 187 children with CSI (34
younger than 8 years) found that two to nine CSIs would have
been missed in children<8years by strict NEXUS criteria appli-
cation; sensitivity was 100% among older children.’ Another
retrospective case—control study®! found that neither CCR nor

Table 3 Number of CDR-positive (+) children* and number of CDR+
children actually imaged (n=973)

Number of CDR+
Percentage CDR+  children imaged in our
CDR Number CDR+ (95% CI) cohort (%)
NEXUS 430 44.2 (41.0 to 47.4) 325/430 (75.6%)
PECARN 663 68.1 (65.1t071.1)  359/663 (54%)
CCRt 472 48.4 (45.3 t0 51.7) 236/472 (50%)

*CDR positive includes only those variables definitively recorded as present
(excludes unknowns) to ensure rates are not overestimated.

tFor reasons discussed in the ‘Methods" section, CCR positivity is more difficult to
interpret and only a minimum number can be calculated.

CCR, Canadian C-spine Rule; CDR, clinical decision rule; NEXUS, National Emergency
X-Radiography Utilization Study Low Risk Criteria; PECARN, Pediatric Emergency
Care Applied Research Network.

NEXUS performed well enough to be used as designed in chil-
dren younger than 10 years.

A recent Cochrane review'® identified similar concerns
with both rules, finding insufficient evidence for use of CCR
in paediatric cohorts, advising caution with NEXUS use in
paediatric patients given sensitivity concerns and finding no
evidence for use in children under 8 years. Future large multi-
centre studies are needed to assess individual CDR perfor-
mance and projected effects on imaging rates across different
paediatric age groups, with particular consideration given to
younger cohorts.

PECARN sought to redress the paucity of paediatric-specific
CSI CDRs, publishing a retrospective study (540 children
with CSI across 17 centres, case-matched against controls)
identifying eight CSI-associated variables*? and a subsequent
prospective study of 4000 children assessing the performance
of the retrospective and a de novo model.?’In the retrospective
study, the presence of one or more factors was 98% sensitive
for CSI (95% CI 96% to 99%) with a possible 25% decrease in
imaging if these factors were applied as a CDR. In the prospec-
tive study, the retrospectively derived criteria had a sensitivity
of 90.5% (95% CI 83.9 to 97.2) and specificity of 45.6 (95%
CI 44.0 to 47.1). In our study, while these retrospectively
derived criteria identified all children with injuries, strict
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application would potentially have increased our imaging
rates. The baseline imaging rate in the prospective PECARN
study was also higher than ours (78% vs 41%). This may be
due to differing inclusion criteria, however, it may also relate
to differences in local imaging practices; lower imaging rates
have been described for paediatric head injury in Australia and
New Zealand when compared with North American studies.?®

In addition to identifying all serious injuries, imaging-related
CDRs also often aim to safely reduce imaging rates. This is
particularly important in children where exposure to ionising
radiation has been associated with increased lifetime cancer
risk.>™® Strict application of all three CDRs or proposed CDRs
in our cohort may have potentially increased imaging rates.
As the CDRs investigated were known at the study hospital,
it is possible that their criteria have already influenced clin-
ical decision-making. Collection of predictor variables was not
linked to specific CDR or tool guidance, however, the conduct
of the study may have influenced clinical decisions. We are
unable to compare the study imaging rates with data in a
preceding period as only prospective case identification would
have provided a comparable denominator. Current CDRs do
not address the other pressing question of paediatric cervical
spine assessment—not only who we should image, but how,
that is, which modality we should be using. In our cohort,
13% children underwent CT imaging, 25% of these children
first received XRs.

This study was a single-centre cohort with low numbers of
CSI. As such, formal validation of any CDR is not possible.
Similarly, no child required operative intervention for their
injuries although one of the four who died had a significant
CSI. No missed injuries were identified, however, 6.8% of chil-
dren were lost to telephone follow-up and thus the potential,
albeit unlikely, exists. Varying definitions and clinical inter-
pretation of criteria such as distracting injury and substantial
torso injury may influence the number of ‘rule positive’ chil-
dren, however, little difference was found when we varied
criteria interpretation. Using clinician interpreted criteria
may better reflect real world application. CDR positivity may
also vary across different paediatric age groups (eg infants vs
adolescents); our numbers were too low to accurately explore
this. While our study was done in a single paediatric centre
and this may limit generalisability, it does highlight concerns
with CDRs as currently exist for paediatric CSI.

While CSIs are uncommon, the potential for missed injury
still clearly concerns clinicians given current imaging rates.
Available CDRs offer some guidance but should be interpreted
with caution due to the potential for increasing imaging rates in
children presenting for assessment. Further multicentre research
should be considered to formally validate the rules currently in
use in adults and those newly developed for children; and to
determine whether a more refined tool for paediatric patients,
particularly for those at younger ages, can be developed.

Author affiliations

"Emergency Department, Queensland Children’s Hospital, Children's Health
Queensland Hospital and Health Service, South Brisbane, Queensland, Australia
2Child Health Research Centre, University of Queensland, South Brisbane,
Queensland, Australia

*Faculty of Medicine, University of Queensland, Herston, Queensland, Australia
*Orthopaedics (Spinal service), Queensland Children’s Hospital, Children’s Health
Queensland Hospital and Health Service, South Brisbane, Queensland, Australia
*Biomechanics and Spine Research Group, Queensland University of Technology,
Brisbane, Queensland, Australia

®Medical Imaging (Radiology), Queensland Children's Hospital, Children’s Health
Queensland Hospital and Health Service, South Brisbane, Queensland, Australia
7Emergency Department, Royal Children’s Hospital, Melbourne, Victoria, Australia

8Emergency Research, Murdoch Children’s Research Institute, Melbourne, Victoria,
Australia

9Department of Paediatrics, Faculty of Medicine, University of Melbourne, Melbourne,
Victoria, Australia

Acknowledgements The authors would like to thank patients, families and staff
at the Queensland Children’s Hospital (QCH) Emergency Department, Brisbane,
Australia, research staff from Paediatric Emergency Research Unit, QCH—Erin
Inwood, Kelly Foster, Trey McHale and Christopher Phillips and Sharon O'Brien and
Meredith Borland of the Perth Children’s Hospital for their input into study case
report form design.

Contributors All authors designed the study, approved publication, contributed
substantially to its revision and agreed to be accountable for all aspects of its
work. NP conceived the study. NP, K-AA, SM, KR, JA and RB undertook recruitment
and managed the data including quality control. NP and FEB provided statistical
support. NP analysed the data, wrote the initial draft of the article, provided overall
supervision and takes responsibility for the paper as a whole.

Funding The study was funded by a grant from the Emergency Medicine
Foundation (Australasia) Queensland Program—EMSS-404R21-2014. NP, JA, RB, GA
and MW obtained grant funding.

Competing interests None declared.
Patient consent for publication Not required.

Ethics approval The Children’s Health Queensland Human Research Ethics
Committee, Brishane, Queensland, Australia, approved the study (HREC/14/
QRCH/56).

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Deidentified data are available on reasonable
request and with appropriate permissions from regulatory authorities.

Supplemental material This content has been supplied by the author(s). It

has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have
been peer-reviewed. Any opinions or recommendations discussed are solely those
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

ORCID iDs
Natalie Phillips http://orcid.org/0000-0002-7616-5712
Franz E Babl http://orcid.org/0000-0002-1107-2187

REFERENCES

1 Patel JC, Tepas JJ, Mollitt DL, et al. Pediatric cervical spine injuries: defining the
disease. J Pediatr Surg 2001;36:373-6.

2 Mohseni S, Talving P, Branco BC, et al. Effect of age on cervical spine injury in pediatric
population: a national trauma data bank review. J Pediatr Surg 2011;46:1771-6.

3 Garton HJL, Hammer MR. Detection of pediatric cervical spine injury. Neurosurgery
2008;62:700-8. discussion -8.

4 Browne GJ, Lam LT, Barker RA. The usefulness of a modified adult protocol for the
clearance of paediatric cervical spine injury in the emergency department. Emerg Med
2003;15:133-42.

5 Mathews JD, Forsythe AV, Brady Z, et al. Cancer risk in 680,000 people exposed to
computed tomography scans in childhood or adolescence: data linkage study of 11
million Australians. BMJ 2013;346:f2360.

6 Brenner DJ, Hall EJ. Computed tomography--an increasing source of radiation
exposure. N Engl / Med 2007;357:2277-84.

7 Pearce MS, Salotti JA, Little MP, et al. Radiation exposure from CT scans in childhood
and subsequent risk of leukaemia and brain tumours: a retrospective cohort study.
Lancet 2012;380:499-505.

8 Chen JX, Kachniarz B, Gilani S, et al. Risk of malignancy associated with head
and neck CT in children: a systematic review. Otolaryngol Head Neck Surg
2014;151:554-66.

9 Hoyle JD, Callahan JM, Badawy M, et al. Pharmacological sedation for cranial
computed tomography in children after minor blunt head trauma. Pediatr Emerg Care
2014;30:1-7.

10 Goldwasser T, Bressan S, Oakley E, et al. Use of sedation in children receiving
computed tomography after head injuries. Eur J Emerg Med 2015;22:413-8.

11 Cutler KO, Bush AJ, Godambe SA, et al. The use of a pediatric emergency medicine-
staffed sedation service during imaging: a retrospective analysis. Am J Emerg Med
2007;25:654-61.

12 Leonard JC, Mao J, Jaffe DM. Potential adverse effects of spinal immobilization in
children. Prehosp Emerg Care 2012;16:513-8.

336

Phillips N, et al. Emerg Med J 2021,;38:330-337. doi:10.1136/emermed-2020-210325

1ybuAdoo Ag paroalold
‘auripaly Aousbiaw3 Jo a6s)j0D [eAoy 1e 120z ‘2z AelN uo /wod [wig ws//:dny woly papeojumod “TzZ0zZ |Mdy TZ U0 GZE0TZ-020Z-PaWIBWS/9ETT 0T Se paysiignd 1s1y i paN Blawg


http://orcid.org/0000-0002-7616-5712
http://orcid.org/0000-0002-1107-2187
http://dx.doi.org/10.1053/jpsu.2001.20720
http://dx.doi.org/10.1016/j.jpedsurg.2011.03.007
http://dx.doi.org/10.1227/01.NEU.0000311348.43207.B7
http://dx.doi.org/10.1046/j.1442-2026.2003.00345.x
http://dx.doi.org/10.1136/bmj.f2360
http://dx.doi.org/10.1056/NEJMra072149
http://dx.doi.org/10.1016/S0140-6736(12)60815-0
http://dx.doi.org/10.1177/0194599814542588
http://dx.doi.org/10.1097/PEC.0000000000000059
http://dx.doi.org/10.1097/MEJ.0000000000000201
http://dx.doi.org/10.1016/j.ajem.2006.11.043
http://dx.doi.org/10.3109/10903127.2012.689925
http://emj.bmj.com/

Original research

13

14

Sundstrem T, Asbjernsen H, Habiba S, et al. Prehospital use of cervical collars in
trauma patients: a critical review. J Neurotrauma 2014;31:531-40.

Herman MJ, Brown KO, Sponseller PD, et al. Pediatric cervical spine clearance: a
consensus statement and algorithm from the pediatric cervical spine clearance
Working group. J Bone Joint Surg Am 2019;101:e1.

National Clinical Guideline C. National Institute for Health and Clinical Excellence.
Guidance. head injury: triage, assessment, investigation and early management of
head injury in children, young people and adults. London: National Institute for Health
and Care Excellence (UK), 2014.

Slaar A, Fockens MM, Wang J, et al. Triage tools for detecting cervical spine injury in
pediatric trauma patients. Cochrane Database Syst Rev 2017;12:Cd011686.
Hoffman JR, Wolfson AB, Todd K, et al. Selective cervical spine radiography in blunt
trauma: methodology of the National emergency X-Radiography utilization study
(nexus). Ann Emerg Med 1998;32:461-9.

Viccellio P, Simon H, Pressman BD, et al. A prospective multicenter study of cervical
spine injury in children. Pediatrics 2001;108:e20-E.

Stiell 1G, Wells GA, Vandemheen KL, et al. The Canadian C-spine rule for radiography
in alert and stable trauma patients. JAMA 2001;286:1841-8.

Burns EC, Yanchar NL. Using cervical spine clearance guidelines in a pediatric
population: a survey of physician practices and opinions. CJEM 2011;13:1-6.

21

22

23

24

25

26

27

28

Ehrlich PF, Wee C, Drongowski R, et a/. Canadian C-spine rule and the National
emergency X-Radiography utilization low-risk criteria for C-spine radiography in
young trauma patients. J Pediatr Surg 2009;44:987-91.

Leonard JC, Kuppermann N, Olsen C, et a/. Factors associated with cervical spine
injury in children after blunt trauma. Ann Emerg Med 2011;58:145-55.

Harris PA, Taylor R, Thielke R, et al. Research electronic data capture (REDCap)--a
metadata-driven methodology and workflow process for providing translational
research informatics support. J Biomed Inform 2009;42:377-81.

Weber EJ, Carlton EW. Side effects of decision rules, or the law of unintended
consequences. Emerg Med J 2019;36:2-3.

Michaleff ZA, Maher CG, Verhagen AP, et al. Accuracy of the Canadian C-spine rule
and NEXUS to screen for clinically important cervical spine injury in patients following
blunt trauma: a systematic review. CMAJ 2012;184:E867-76.

Pieretti-Vanmarcke R, Velmahos GC, Nance ML, et a/. Clinical clearance of the cervical
spine in blunt trauma patients younger than 3 years: a multi-center study of the
American association for the surgery of trauma. J Trauma 2009;67:543-50.
Leonard JC, Browne LR, Ahmad FA, et al. Cervical spine injury risk factors in children
with blunt trauma. Pediatrics 2019;144:€20183221.

Babl FE, Borland ML, Phillips N, et al. Accuracy of PECARN, catch, and chalice

head injury decision rules in children: a prospective cohort study. Lancet
2017;389:2393-402.

Phillips N, et al. Emerg Med J 2021,;38:330-337. doi:10.1136/emermed-2020-210325

337

1ybuAdoo Ag paroalold
"auoIpa|N Aousbisw3 Jo 868)100 [eAoY 1B TZ0Z ‘22 AeW uo /wod [wg wa//:dny woiy papeojumoq "T20z IMdy Tz U0 GZE0TZ-0202-PaWIBWS/9ETT 0T Se paysiand 11y :¢ palN Biawg


http://dx.doi.org/10.1089/neu.2013.3094
http://dx.doi.org/10.2106/JBJS.18.00217
http://dx.doi.org/10.1002/14651858.CD011686.pub2
http://dx.doi.org/10.1016/S0196-0644(98)70176-3
http://dx.doi.org/10.1542/peds.108.2.e20
http://dx.doi.org/10.1001/jama.286.15.1841
http://dx.doi.org/10.2310/8000.2011.100220
http://dx.doi.org/10.1016/j.jpedsurg.2009.01.044
http://dx.doi.org/10.1016/j.annemergmed.2010.08.038
http://dx.doi.org/10.1016/j.jbi.2008.08.010
http://dx.doi.org/10.1136/emermed-2018-208151
http://dx.doi.org/10.1503/cmaj.120675
http://dx.doi.org/10.1097/TA.0b013e3181b57aa1
http://dx.doi.org/10.1542/peds.2018-3221
http://dx.doi.org/10.1016/S0140-6736(17)30555-X
https://dx.doi.org/10.1136/emermed-2020-210325
http://emj.bmj.com/

	Projected paediatric cervical spine imaging rates with application of NEXUS, Canadian C-­Spine and PECARN clinical decision rules in a prospective Australian cohort
	Abstract
	Introduction﻿﻿
	Methods
	Study setting and design
	Participant selection
	Data collection and measurements
	Outcomes
	Definitions
	Data management and analysis
	Patient and public involvement

	Results
	Demographics, mechanism of injury and imaging undertaken
	Prevalence of individual CDR criteria in children without prior imaging
	CDR positive
	NEXUS
	PECARN
	CCR

	Percentage of children imaged who were CDR positive
	Children with cervical spine injuries

	Discussion
	References
	Clinical introduction
	Question


