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ABSTRACT

Introduction Clinical decision rules aid clinicians
with the management of head injured patients. This
study aimed to identify clinical decision rules for
children with minor head injury and compare their
diagnostic accuracy for detection of intracranial injury
(ICI) and injury requiring neurosurgical intervention
(NSI).

Methods Relevant studies were identified by an elec-
tronic search of key databases. Papers in English were
included with a cohort of at least 20 children suffering
minor head injury (GCS 13-15). Studies of a decision
rule derived to identify patients at risk of ICl or NSI had
to include a proportion of the cohort undergoing imag-
ing. Study quality was assessed using the QUADAS
checklist.

Results 16 publications, representing 14 cohorts,
with 79 740 patients were included. Only four rules
were tested in more than one cohort. Of the vali-
dated rules the paediatric emergency care applied
research network (PECARN) rule was most consis-
tent (sensitivity 98%; specificity 58%). For neuro-
surgical injury all had high sensitivity (38-100%)
but the children’s head injury algorithm for the
prediction of important clinical events (CHALICE)
rule had the highest specificity (86%) in its deriva-
tion cohort.

Conclusion Of the current decision rules for minor
head injury the PECARN rule appears the best for
children and infants, with the largest cohort, highest
sensitivity and acceptable specificity for clinically
significant ICI. Application of this rule in the UK would
probably result in an unacceptably high rate of CT
scans per injury, and continued use of the CHALICE-
based NICE guidelines represents an appropriate
alternative.

Head injury accounts for approximately 700 000
emergency department (ED) attendances every
year in the UK, with 40-50% of these being chil-
dren.! An estimated 20% of these are admitted to
hospital. There is an increasing tendency to per-
form early diagnostic imaging as this is linked to
improved outcomes and a reduction in admission

rates.

Waste of healthcare resources, Rescarchers have

therefore attempted to derive clinical decision
rules to identify those at risk of ICI based on clini-
cal characteristics at presentation in order to select
them for imaging.

What is already known on this topic

» Head injuries account for approximately 5% of
ED attendances with a large proportion of these
being children.

» Clinical decision rules aid in identifying high-
risk patients following minor head injury and
in the UK, the current NICE guidelines for
children are based on the children’s head injury
algorithm for the prediction of important clinical
events study data.

What this study adds

» Comparing the diagnostic accuracy of existing
decision rules has identified what appears to be
the best for this population.

» Significant differences exist in criteria used to
test these rules and their future development
should focus on using standard definitions
that would allow more direct comparisons
between rules.

There are many clinical decision rules for adults
with minor head injury,!~* but few that have been
validated for the paediatric population. It is also
unclear how they compare in terms of diagnostic
accuracy. This study aims systematically to iden-
tify clinical decision rules for children with minor
head injury and compare these rules in terms of
diagnostic accuracy for any ICI and injury requir-
ing neurosurgery.

Clinical question:

METHODS

As this project involved no human subjects and
remained a work of evidence synthesis no formal
ethical approval was necessary in line with stan-
dard practice.

Search strategy

Potentially relevant studies were identified
through electronic searches of key databases
(from inception) including MEDLINE, EMBASE,
CINAHL and CENTRAL up to April 2009,
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supplemented with an update from MEDLINE to March
2010. Sensitive keyword strategies using free text and,
where available, thesaurus terms using Boolean operators
and database-specific syntax were developed to search the
electronic databases. Synonyms relating to the condition
(eg, head injury) were combined with a search filter aimed at
restricting results to diagnostic accuracy studies (used in the
searches of MEDLINE, CINAHL and EMBASE). Language
restrictions were not used on any database. To identify
additional published, unpublished and ongoing studies, the
reference lists of all relevant studies (including existing sys-
tematic reviews) were checked and a citation search of rele-
vant articles (using the Web of Knowledge’s Science Citation
Index and Social Science Citation Index) was undertaken to
identify articles that cite the relevant articles. In addition,
systematic keyword searches of the worldwide web (www)
were undertaken using the Copernic Agent Basic (ver-
sion 6.12) meta-search engine and key experts in the field
were contacted. Further details on the search strategies are
available from the authors or our full report to the Health
Technology Assessment Group.®

Inclusion criteria
Studies were included if they met the following criteria: (1)
a cohort study of children with minimum

tion; (2) they evaluated a decision rule that used three or more
clinical criteria (such as history, physical examination or a
simple diagnostic test) to determine the risk of any ICI (defined
as any intracranial abnormality detected on CT or MRI scan
due to trauma) or injury requiring neurosurgery (defined as
any ICI seen on CT or MRI that required neurosurgery); (3)
some or all of the patients were assessed with CT scan or MRI
for ICI, or followed up to determine the need for neurosurgery
and (4) provided data that allowed true positive, true negative,
false positive and false negative numbers to be extracted or
calculated.

Study selection

Articles were considered for inclusion in three stages (figure 1).
First, titles were sifted to exclude obviously irrelevant articles
(APa and SH). Second, abstracts of the remaining studies were
split between two teams of reviewers (APa and APi, SH and
SG) and assessed for relevance to produce a list of potentially
relevant articles. Finally, all studies on this list were obtained
and studied in detail to generate a final list of included stud-
ies (SH and APa, checked by SG and APi). When discrepan-
cies between reviewers occurred, these were resolved through
discussion.

Assessment of methodological quality

The methodological quality of each included study was
assessed by one reviewer (SH) and checked by another (APa)
using a modified version (appendix 1) of the quality assess-
ment of diagnostic accuracy studies tool® (a generic, validated,
quality assessment instrument for diagnostic accuracy studies)
(figure 2). In case of doubt, a third and fourth reviewer (SG and
APi) were consulted.

Data abstraction
Data were extracted by one reviewer (SH) and checked by
a second (APa). Only articles written in English were data
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Figure 2 Decision rules for children and infants with minor head
injury: methodological quality summary. Review authors’ judgements
about each methodological quality item for each included study. ICI,
intracranial injury; NS, neurosurgery.
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extracted. Variables relating to study design, patient char-
acteristics, study quality and diagnostic accuracy were
extracted. When discrepancies occurred, these were resolved
through discussion. When differences were unresolved,
a third reviewer’s opinion was sought (SG or APi). When a
study presented several different versions of a rule produced
during derivation, all versions were extracted but only one
version of the rule (either that endorsed by the authors, or that
with the most appropriate outcome definition) was consid-
ered in further analysis.

UCD rule**: TBI with acute intervention or TBI

Data synthesis

A meta-analysis of any rule that had been independently vali-
dated in multiple relatively homogeneous cohorts was planned
(figures 3-5). During data extraction it became clear that no
rule had been evaluated to this extent. Instead, a narrative
synthesis was performed, comparing diagnostic accuracy esti-
mates across cohorts to determine which (if any) of the deci-
sion rules were supported by consistent estimates of sensitivity
and specificity in multiple validation cohorts. The reported sta-
tistics from each study are visually represented in figures 3-5.

Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity

Klemettietal. 2009 82 354 1 48 0.99[0.93,1.00] 0.12[0.09, 0.16] - =

Palchak 2003 105 1111 0 827 1.00[0.97,1.00] 0.43[0.40, 0.45] a1 =

Sun et al. 2007 125 876 13 652 0.91[0.84,0.95] 0.43[0.40, 0.45] —t—t—t ="= —t ,' ——
0020406081 0020406081

NEXUS II: intracranial injury

Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity

Klemettietal. 2009 80 318 3 84 0.96[0.90,0.99] 0.21[0.17,0.25] - =

Oman 2006 136 1298 2 230 0.99[0.95,1.00] 0.15[0.13,0.17] —t—t—t—t f } l: —
0020406081 0020406081

Chalice rule: intracranial injury

Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity

Dunning et al. 2006 164 2853 4 19558 0.98[0.94, 0.99] 0.87[0.87, 0.88] u L]

Klemetti etal. 2009 81 382 2 20 0.98[0.92,1.00] 0.05 [0.03, 0.08] —t—t—t—t '!‘ =' —
0020406081 0020406081

PECARN = 2yrs, < 18yrs rule*: intracranial injury

Study TP FP FN

Kupperman et al. 2009 61 2550
Kupperman et al. 2009 208 10412

TN Sensitivity
2 3798 0.97[0.89, 1.00]
7 14656 0.97[0.93, 0.99]

Figure 3 Decision rules for children with minor head injury: sensitivity

Specificity Sensitivity Specificity
0.60[0.59, 0.61] = u
0.58[0.58,0.59] 4 4+ T, " 1

T T

—t—+—— ——
0020406081 0020406081

and specificity of decision rules for which more than one dataset

is available for the outcome intracranial injury. CHALICE, Children’s Head injury Algorithm for the prediction of Important Clinical Events;

FN, false negative; FP, false positive; TN, true negative; TBI, traumatic b
California—Davis rule.

PECARN <2yrs rule*: intracranial injury infants

rain injury; TP, true positive; UCD, University of

Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity

Kupperman et al. 2009 72 3901 1 4528 0.99[0.93, 1.00] 0.54[0.53, 0.55] - =

Kupperman et al. 2009 25 1015 0 1176 1.00 [0.86, 1.00] 0.54[0.52, 0.56] i + + + + _IF i + + -: + |
0O 02 04 06 08 10 02 04 06 08 1

UCD rule**: traumatic brain injury only, infants

Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity

Palchak 2003 15 119 0 60 1.00[0.78,1.00]  0.34[0.27,0.41] —a -

Sun et al. 2007 7 179 0 22 1.00[0.59, 1.00] 0.11[0.07, 0.16] i + + #.‘ i "‘: + + + |
0 02 04 06 08 1 0 02 04 06 08 1

Buchanich 2007 rule: intracranial injury infants

Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity

Buchanich 2007 22 45 0 30 1.00[0.85,1.00] 0.40[0.29, 0.52] It ' ' ' ' _.- I ' _.-_ ' ' 1
0 02 04 06 08 10 02 04 06 08 1

Dietrich 1993 rule: intracranial injury infants

Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity

Dietrich 1993 1 15 0 3 1.00[0.03, 1.00] 0.17[0.04, 0.41] i F F F F T — F ' ' |
0O 02 04 06 08 10 02 04 06 08 1

Greenes 1999 rule: intracranial injury infants

Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity

Greenes and Schutzman '99 16 161 14 417 0.53[0.34,0.72] 0.72[0.68,0.76] | ' :_.:_ ' 1t ' ' ' "‘: |
0 02 04 06 0. 10 02 04 06 08 1

Greenes 2001 scoring system: intracranial injury infants

Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity

Greenes 2001 13 96 0 63 1.00[0.75, 1.00] 0.40[0.32, 0.48] I ' ' ' l_.- I ' T ' ' |
0O 02 04 06 08 10 02 04 06 08 1

NEXUS II: intracranial injury infants

Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity

Oman 2006 25 269 0 15 1.00[0.86, 1.00] 0.05 [0.03, 0.09] i ' ' ' ' _.- :. ' ' ' ' |
0O 02 04 06 08 10 02 04 06 08 1

Figure 4 Decision rules for infants with minor head injury: sensitivity and specificity for the outcome intracranial injury. FN, false negative; FP,

false positive; NEXUS, National Emergency X-Radiography Utilization Study
true negative; TP, true positive; UCD, University of California—Davis rule.
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Figure 5 Decision rules for children with minor head injury: sensitivity and specificity for the outcome neurosurgery. CATCH, Canadian
Assessment of Tomography for Childhood Injury; CHALICE, Children’s Head injury Algorithm for the prediction of Important Clinical Events;
FN, false negative; FP, false positive; TN, true negative; TP, true positive; PECARN, paediatric emergency care applied research network.

RESULTS

Literature search
We identified over 8000 titles relevant to minor head injury but
only included 222 for full text review.

Eight cohorts were from the USA,8 10121517182022 ope from the
USA and Canada,” and one from each of Italy,” UK,!! Turkey,'
Finland'® and Canada.!” Seven studies used data from multiple
centres,” 7 111771922 of which two were very large with cohorts
over 20 000.* V7 The smallest cohort was 97.8

Study characteristics

Inclusion criteria varied greatly between cohorts. For stud-
ies of children, the upper age limit ranged between 16 and
21 years, and the lower limit between 0 and 5 years. For
infants, the upper age limit was usually 2 years, but in one
case it was 3 years of age. Eight cohorts included all sever-
ity of head injury,®12 16 18 20 21 4ix recruited those with
minor head injury,” 8 141517 19 and two reported on a minor
head injury subset.!® 20 Exclusion criteria also varied, with
five studies excluding those with trivial head injury and/or
recruiting only those with clinical characteristics consistent
with head trauma.!® 17 19-21

The selection of patients on the basis of having had a CT
scan and exclusion on the basis of trivial injury or not present-
ing with clinical characteristics is likely to recruit a patient
spectrum with a greater risk of ICI. Six studies only included
those who had a CT scan” 10141518 21 3 three reported a sub-
set in which all had CT.!? 18 20 This explains some of the het-
erogeneity in estimates of ICI and neurosurgical injury rates.
The median value for the prevalence of neurosurgery was
1.2% (IQR 0.2-1.4%). The median value for the prevalence of
ICI was 6.5% (IQR 1.0-9.8%).

Definitions of outcomes and the reference standards used
varied across studies (table 1). The main difference in outcome
definition for ICI was the perception of clinical significance,
with five studies defining this and the remaining 11 just iden-
tifying any common acute lesion (listed in table 1). Definitions

Arch Dis Child 2011;96:414—421. doi:10.1136/adc.2010.202820

of surgical interventions also varied (when reported), but most
included haematoma evacuation and intracranial pressure
monitoring, with only one mentioning elevation of skull frac-
ture explicitly.

Study quality

Using the quality assessment of diagnostic accuracy studies
tool we identified three questions for which more than 25% of
studies received a poor rating (figure 2). These related to two
main areas. The first area was patient selection and the rep-
resentative nature of the subjects included. Nearly all studies
received a poor rating because of a small degree of selection for
inclusion and exclusion criteria. The studies in question often
excluded trivial or minimal injury and included subjects with
symptoms following their injury. While this represents clini-
cal practice it can introduce a degree of selection bias for the
diagnostic test in question.

The second area was the use and description of the ref-
erence standards employed. The reference standards used
when CT was not possible for all, and was not an inclusion
criterion, usually comprised telephone follow-up, hospital
records checks, or both. This reference standard method is
likely to identify clinically significant lesions, particularly
those requiring neurosurgery, but would not be expected
to identify all ICI accurately—potentially affecting the
diagnostic accuracy for this outcome. Higher quality stud-
ies include Atabaki et al” and Greenes and Schutzman,!? 13
while the children’s head injury algorithm for the predic-
tion of important clinical events (CHALICE) rule!! scores

poorly.

Study data
Only four rules were tested in more than one cohort (figure 3).
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Table 1 Decision rules for children and infants with minor head injury: definitions of outcomes and reference standards used in included
studies
Definition Reference standard
Rule(s) tested in Reference standard  Patients who had of need for used for need for
Author, year study Definition of ICI used for ICI CT,n neurosurgery neurosurgery
Atabaki et al, 2008 Atabaki et al, 20087 Intracranial injury: subdural, ~ CT scan 1000/1000 (100%) Neurosurgery, Medical record
epidural, subarachnoid, including review (unclear
intraparenchymal craniotomy, when performed)
and intraventricular crainectomy,
haemorrhages as well as evacuation or
contusion and cerebral intracranial
oedema pressure
monitoring
Buchanich, 2007 Buchanich, 20078 Intracranial injury: CT scan 97/97 (100%) NA NA
intracranial haematoma, Follow-up
intracranial haemorrhage, questionnaire/
cerebral contusion, and/or telephone interview
cerebral oedema
Da Dalt et al, 2006 Da Dalt et al, 2006° Intracranial injury: identified  CT scan obtained at 79/3806 (2%) NA NA
on CT either at initial ED discretion of treating
presentation or during physician
any hospital admission or All children discharged
readmission immediately
from ED or after
short observation
received a follow-up
telephone interview
approximately
10 days later.
Hospital records
were checked
for readmissions
for 1 month after
conclusion of study
Dietrich et al, 1993 Dietrich et al, 199310 Intracranial pathology: CT scan 166/166 (100%) NA NA
epidural or subdural 71/71 (100%)
haematoma, cerebral
contusions or lacerations,
intraventricular
haemorrhage
pneumocephaly or cerebral
oedema, with or without
skull fracture
Dunninget al, 2006 CHALICE" RCS Clinically significant ICI: All patients treated 744/22772 (3.3%) NR NR, assume as
guidelines?® death as a result of head according to Royal for ICI
injury, requirement for College of Surgeon’s
neurosurgical intervention guidelines. This
or marked abnormalities on recommends
the CT scan admission for those
at high risk and CT
scan for those at
highest risk
Follow-up: all
patients who
were documented
as having had a
skull radiograph,
admission to
hospital, CT scan or
neurosurgery were
followed up
Greenes and Greenes and Greenes and Schutzman CT scan, follow-up 188/608 (31%). 73 NA NA
Schutzman, 1999 Schutzman, 19992 19992 ICI: acute calls, review of symptomatic patients
Greenes an Greenes and intracranial haematoma, medical records'? did not receive CT" 12
Schutzman, 2001 Schutzman, 20013 cerebral contusion and/ CT scan®® 172/172 (100%)
or diffuse brain swelling
evident on head CT
Greenes and Schutzman
2001'3: ICI: cerebral
contusion, cerebral oedema
or intracranial haematoma
noted on CT
Giizel et al, 2009 Giizel et al, 2009" Positive CT scan: definiton NR ~ CT scan 337/337 (100%) NA NA
Continued.
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Arch Dis Child 2011;96:414—421. doi:10.1136/adc.2010.202820



Original article

Table 1 Continued.
Definition Reference standard
Rule(s) tested in Reference standard of need for used for need for
Author, year study Definition of ICI used for ICI Patients who had CT, n neurosurgery neurosurgery
Haydel and NOC* Intracranial injury on head CT scan 175/175 (100%) Need for All patients with
Shembekar, 2003 CT: any acute traumatic neurosurgical abnormal CT
intracranial lesion, including or medical scan admitted
subdural epidural or intervention in and followed until
parenchymal haematoma, patients with ICl  discharge
subarachnoid haemorrhage, onCT
cerebral contusion or
depressed skull fracture
Klemetti et al, 2009'®  Klemetti et a/, 2009,'®  Complicated or severely Hospital records 242/485 (49.9%) NA NA
CHALICE™ NEXUS II,'"®  complicated head trauma:
ucp® brain contusion, skull base
fracture, skull fracture,
patients who required
neurosurgical intervention,
patients who succumbed,
epidural haematoma,
subdural haematoma,
subarachnoidal haematoma,
intracerebral haematoma
Kupperman et al, Kupperman et al, Clinically important brain CT scans, medical 9420/25283 (37.3%) NR NR for neurosurgery.
2009 20097 injury: death from traumatic  records, and tele- 2632/8502 (31.0%) Assume as for ICI
brain injury, neurosurgery, phone follow-up. 2223/6411 (34.7%)
intubation for more than Those admitted: med-  694/2216 (31.3%)
24 h for traumatic brain ical records, CT scan
injury, or hospital admission  results. Those dis-
of two nights or more asso-  charged: telephone
ciated with traumatic brain survey 7-90 days
injury on CT. Brief intubation  after the emergency
for imaging and overnight department visit,
stay for minor CT findings and medical records
NOT included and county morgue
records check for
those uncontactable
Oman et al, 2006*'8;  NEXUS II'8 Clinically important/signifi- CT scan 1666/1666 (100%) NA NA
Sun et al, 2007%22 ucp cant ICI: any injury that may 309/309 (100%)
require neurosurgical inter- 208/208 (100%)
vention, lead to rapid clinical
deterioration, or result in sig-
nificant long-term neurologic
impairment
Osmond et al, CATCH™ Acute intracranial findings CT scan 2043/3866 (52.8%) Neurosurgery: NR
200611 on CT attributable to acute 14-Day telephone craniotomy,
injury, but excluding non- interview elevation of skull
depressed and basilar skull fracture, intuba-
fractures tion, intracra-
nial pressure
monitor and/or
anticonvulsants
within 7 dayst
Palchak et a/, 200320  UCD?0 Traumatic brain injury identi- CT or performance of ~ 1271/2043 (62.2%) Need for NR
fied on CT scan or traumatic intervention 1098/1098 (100%) peurosurgical
brain injury requiring acute 194/194 (100%) intervention
intervention OR intervention by
one or more of: neurosurgical
procedure, ongoing antiepilep-
tic pharmacotherapy beyond
7 days, the presence of a
neurological deficit that per-
sisted until discharge from the
hospital, or two or more nights
of hospitalisation because of
treatment of the head injury
Quayle etal, 19972"  Quayle et al, 19972 Intracranial injury: definitonNR ~ CT scan 321/321 (100%) NA NA

CATCH, Canadian Assessment of Tomography for Childhood Injury; CHALICE, Children’s Head injury Algorithm for the prediction of Important Clinical Events;

Cs, consecutive; Cv, convenience; ED, emergency department; GCS, Glasgow coma scale; ICI, intracranial injury; LOC, loss of consciousness; MHI, minor head injury;
NA, not applicable; NEXUS II, National Emergency X-Radiography Utilization Study II; NOC, New Orleans criteria; NR, not reported; P, prospective; PECARN, Paediatric
Emergency Care Applied Research Network; R, retrospective; RCS, Royal College of Surgeons; UCD, University of California—Davis rule.
*Oman et a/, 2005'® and Sun et a/, 2007?22 are a subset of the NEXUS Il derivation cohort (Mower et a/, 2005).30
tData drawn from Mehta 2007.3!
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Table 2 Clinical relevance: positive predictive values from selected
large cohort studies

Scans/ICI

Study/rule TP FP FN TN PPV (%) identified
PECARN 269 12962 9 18454 2.0 49.2
Da Dalt 22 478 0 3298 4.4 221
CHALICE 164 2853 4 19558 5.4 18.4
CATCH 167 1802 3 1809 8.5 11.8
ucb 105 1M 0 827 8.6 11.6
NEXUS II'8 136 1298 2 230 9.4 10.5
Infants

PECARN 97 4916 1 5704 1.9 51.7

Oman 25 269 0 15 8.5 1.8

uch 15 19 0 60 1.2 8.9
NSI

PECARNZ'8 n 2600 0 3800 0.4 2314

CATCH 26 1M 0 2643 2.2 43.7

ucb 29 719 0 1295 3.9 25.7

CHALICE 134 3076 3 19559 4.2 23.9

PECARN (<2) 5 1035 0 1176 0.5 208

FN, false negative; FP, false positive; ICI, intracranial injury; NSI, neurosurgical
intervention (variable definitions for each study — see table 1); PPV, positive
predictive value; TN, true negative; TP, true positive.

EESIEORENSERHONEEOROR | <o other rulcs were rc-

tested in a small retrospective case note review, involving
485 patients, based on their discharge diagnosis.!® Only 242
(49.9%) of these received a CT scan, based on clinical examina-
tion, and it can be considered as a methodologically poor vali-
dation for these decision rules as the reference standard was
not uniformly applied. A modified version of the University
of California-Davis rule (in which ‘headache’ and ‘vomiting’
were redefined as ‘severe headache’ and ‘severe vomiting’) was
tested in a separate cohort of data collected for the National
Emergency X-Radiography Utilization Study 11,?? with a sig-
nificantly lower sensitivity (91%).

Nine other rules were identified (table 1), three of which” 7 19
show promising diagnostic accuracy with an associated high
specificity that could translate to a significant reduction in CT
use. Validation is required, however.

For infants, seven studies® 12131718 20 22 \yere identified with
results for ICI (figure 4) but only two rules have been tested in
more than one cohort,” 29 with the largest of these (PECARN)
giving the best results. The CHALICE rule includes this age
group but does not report them separately.!! All of these rules
require further validation by application in other settings
before conclusions can be drawn.

Six rules provide results for the prediction of the need for
neurosurgery (figure 5).6 10 14 16 18 19 A[] have very good sensi-
tivity (approximately 100%) with the chalice rule also report-
ing high specificity. Despite large cohorts (>20 000 subjects)
for two of these studies, the prevalence of neurosurgical injury
varies greatly ranging from 0.11% to 3.4%, highlighting the
existing heterogeneity:.

The positive predictive value shows what proportion of
scans identify an ICI (or neurosurgical intervention) with
each rule. Therfore 2.0% of patients receiving scans accord-
ing to the PECARN rule will show ICI, compared with
5.4% of patients receiving scans to the CHALICE rule (see
table 2). There is substantial variation in methodology that
limits our ability to draw comparisons. However, if it is
assumed that in practice patients excluded from the study

420

would not undergo any CT scanning then the positive pre-
dictive values are likely to be reasonably comparable across
the cohorts.

DISCUSSION
This review has identifi ith derivation and vali-
dation data for both infants and children following minor
head injury.
B8 Clinical decision rules for children following minor head
injury have increased in number from the eight identified in
the 2008 review by Maguire et a/.?® Their conclusion that more
work was needed has been accepted and more of the exist-
ing rules are being validated and applied in different patient
cohorts around the world.

More recent work in both adults and children has used
predefined clinically significant injury instead of the older
approach of identifying any injury on CT.° This provides a
more pragmatic solution to the ethical issues around unnec-
essary radiation exposure in susceptible children for the pur-
poses of research and was adopted by the two largest cohorts
analysed for this review (listed in table 1).!* 17 One argument
put forward for this approach is that using patient-centred
outcomes overcomes the imperfect sensitivity and specific-
ity of CT scans and allows minor or incidental findings to be
ignored.

Relevant to the UK, the CHALICE-derived National
Institute for Health and Clinical Excellence (NICE) criteria
for CT scan in children under 16 years have not been vali-
dated in any population but form the basis for management
decisions in 85% of ED.?* Estimates of predicted CT rates
among practitioners in the UK following the NICE guide-
lines (2003) for children are approximately 12%.2° 26 This is
considerably higher than quoted baseline CT rates, before
NICE implementation, which were approximately 3%.!!
2527 A more recent estimate from Australia looking at pre-
dicted CT scan rates following the CHALICE rule (the basis
for NICE 2007) was 46%, although this was a retrospective
case notes review.?®

risk of clinically important traumatic brain injury) and the
group, more in keeping with UK NHS-based practice.
Limitations

The heterogeneity of these rules prevented any meta-anal-
ysis of the data and restricted our summary to a narrative
synthesis. This highlights the inconsistencies involved in
head injury research and the difficulties faced by clinicians
in interpreting any published results. There remains a lack

of robust validation for these decision rules and the shift
from identifying any lesion on CT to focusing on clinically
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significant lesions has made results more difficult to compare
for researchers. This shift also does not appear to take into
account longer-term sequelae, which are beyond the scope of
our review.

Future research efforts in this field should concentrate on
the universal application of definitions for patient populations,
inclusion criteria, reference standards and outcome criteria.
This would enable easier comparison and further validation of
the existing decision rules. Work should also focus on prognostic
studies for those children with non-surgical injury identifiable
on CT, and cost-effectiveness analysis of the adoption of differ-
ent decision rules specifically in the paediatric population.

CONCLUSION

Of the currently published decision rules, methodologically
the PECARN rule appears to be the best validated rule for both
children and infants, with the largest study cohort, highest
sensitivity and acceptable specificity for clinically significant
ICIL. However, application of this rule in the UK would prob-
ably result in an unacceptably high rate of CT scans for every
injury identified, and continued use of the CHALICE-based
NICE guidelines represents an appropriate alternative. Further
validation in new cohorts is required to confirm our analysis
and compare the PECARN rule directly with other rules.
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