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“A Global Britain invests heavily in
science and health, and supports
these societal foundations at home
and abroad. Championing of
Britain's own universal health care
must be echoed in its actions
around the world.”

See Editariat page 2349
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Accuracy of PECARN, CATCH, and CHALICE head injury
decision rules in children: a prospective cohort study

Franz E Babl, Meredith L Borland, Natalie Phillips, Amit Kochar, Sarah Dalton, Mary McCaskill, John A Cheek, Yuri Gilhotra, Jeremy Furyk,
Jocelyn Neutze, Mark D Lyttle, Silvia Bressan, Susan Donath, Charlotte Molesworth, Kim Jachno, Brenton Ward, Amanda Williams, Amy Baylis,
Lowise Crowe, Ed Oakley, Stuart R Dalziel, for the Paediatric Research in Emergency Departments International Collaborative (PREDICT)

Summary
Background Clinical decision rules can help to determine the need for CT imaging in children with head injuries.
We aimed to validate three clinical decision rules (PECARN, CATCH, and CHALICE) in a large sample of children.

Methods In this prospective observational study, we included children and adolescents (aged <18 years) with head
injuries of any severity who presented to the emergency departments of ten Australian and New Zealand hospitals.
We assessed the diagnostic accuracy of PECARN (stratified into children aged <2 years and =2 years), CATCH, and
CHALICE in predicting each rule-specific outcome measure (clinically important traumatic brain injury [TBI], need
for neurological intervention, and dlinically significant intracranial injury, respectively). For each calculation we used
rule-specific predictor variables in populations that satisfied inclusion and exclusion criteria for each rule (validation
cohort). In a secondary analysis, we compiled a comparison cohort of patients with mild head injuries (Glasgow Coma
Scale score 13-15) and calculated accuracy using rule-specific predictor variables for the standardised outcome
of clinically important TBI. This study is registered with the Australian New Zealand Clinical Trials Registry,
number ACTRN12614000463673.

Findings Between April 11, 2011, and Nov 30, 2014, we analysed 20137 children and adolescents attending with head
injuries. CTs were obtained for 2106 (10%) patients, 4544 (23%) were admitted, 83 (<1%) underwent neurosurgery,
and 15 (<1%) died. PECARN was applicable for 4011 (75%) of 5374 patients younger than 2 years and 11152 (76%) of
14763 patients aged 2 years and older. CATCH was applicable for 4957 (25%) patients and CHALICE for 20029 (99%).
The highest point validation sensitivities were shown for PECARN in children younger than 2 years (100-0%, 95% CI
90-7-100-0; 38 patients identified of 38 with outcome [38/38]) and PECARN in children 2 years and older (99-0%,
94-4-100-0; 97/98), followed by CATCH (high-risk predictors only; 95-2%; 76-2-99-9; 20/21; medium-risk and high-
risk predictors 88.7%; 82-2-93-4; 125/141) and CHALICE (92-3%, 89-2-94.7; 370/401). In the comparison cohort of
18 913 patients with mild injuries, sensitivities for dinically important TBI were similar. Negative predictive values in
both analyses were higher than 99% for all rules.

Interpretation The sensitivities of three clinical decision rules for head injuries in children were high when used as
designed. The findings are an important starting point for clinicians considering the introduction of one of the rules.

Funding National Health and Medical Research Council, Emergency Medicine Foundation, Perpetual Philanthropic
Services, WA Health Targeted Research Funds, Townsville Hospital Private Practice Fund, Auckland Medical Research
Foundation, A + Trust.
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PECARN <2 PECARN 22 CATCH CHALICE
Indlusion Age <18 years; presenting within 24 hof  Age <18 years; presenting within 24 Age <17 years Age <16 years; any history o signs of injury
criteria head injury of head injury Allof the following: 1o the head
Blunt trauma to the head resulting in
witnessed LOC, definite amnesia,
witnessed disorientation, persistent
vomiting (two or more distinct episodes
of vomiting 15 min apart), persistent
irritability in the ED (in children <2 years)
Initial GCS wore in ED 213, as determined
by treating physician
Injury within the past 24 h
Exclusion Trivial mechanism of injury, defined by~ Trivisl finjury, definedby  Obvi Refusal to consent
criteria ground-level fall or walkingorrunning  ground-kevel fall orwalking or running  Obwiously depressed fracture
into stationary objects and no sign into st. yobj nd no signsor  Acute focal neurological deficit
symptoms of head trauma other than symptoms of head trama other than  Chronic generalised developmental delay
scalp abrasions and lacerations walp sbrasions and lacerations Head injury secondary to suspected child
Penetrating trauma Penetrating trauma abuse
Known brain tumours Krown brain tumours Returning for reassessment of peeviously
Pre-existing neurclogical disorder Pre-existing neurological disorder treated head injury
complicating assessment complicating assessment Patients who were pregnant
Neuroimaging at an cutside hospital Neurcimaging at an outside hospital
before transfer before transfer
Patient with ventricular shunt Patient with ventricular shunt
Patient with bleeding disorder Patient with bleeding disorder
GCS score <14 GCS score <14
Predictor variables®
Seves ism of injury (MVC with hanismof injury (MVCwith  Dangerous mechanism of injury (eg, High-speed RTA as padestrian, cyelist, or
of injury patient ejection, death of another patient ejection, death of another MVG fall from elevation 23 ft (292 cm)  occupant (defined s accident with speed
passenges, oc rolloves; padestrian or passenger, or rollover; pedestrian/bicydist - or 25 stairs; of fall from bicycle with no >40 miles per b or 64 kevh) fall >3 min
bicydist without helmet struck by without helmet struck by motorised helmet) height; or high-speed injury from projectile
motorised vehicle; falls 0.9 m;orhead  vehicle: falls 1.5 m; oc head struck by or object
struck by high-impact object) high-impact object)
Hatory L0C for 253 Any or suspected LOC History of worsening headachet Witnessed loss of consciousness for »5 min
Not acting normally per parent report Mistory of vomiting 23 discrete episodes of vomiting after head
Severe headache injury
Amnesia (antegrade or retrograde; »5 min)
Suspicion of non-sccidental injury {any
suspicion by the examining doctor)
Seizure in patient with no history of
epilepsy
Examination  GCS score <15 GCS wore <15 GCS score <15 at 2 h after injuryt GCS score <14, or <15 if aged <1 year
Other sigm of altered mental status Other signs of sltered itability irati I drowsiness i of that
(agitation, somnolence, repetitive (agitation, somnolence, repetitive Any sign of basal skull fracture expectad by examining doctor)
questicaing, skow respanse to verbal ioning, slaw resp: ebal (g, h “raccoon” eyes,  Positive focal neurology (motor, sensory,
communication) communication) ety i f CSF, Battle's ination, or reflex i
Palpable or unclear skull fracture Clinical signs of basilsr skull fracture  sign) Signs of basal skull fracture
Occipital, parietal, of temporal scalp (eg, haemotympanum, “raccoon” eyes, “raccoon” eyes,
haematoma otorthoea or thinorrhoea of CSF, fracturet otorthoea or thinorrhoea of CSF, Battle’s
Battle's sign) Large, boggy scalp haematoma sign, facial crepitus, or severe facial injury)
Snisonof o d d skl
injury, or tense fontanedie
Presence of bruise, swelling, o laceration
>5emif aged <1 year
(Table 1 continues on next page)
Prirnary Clinically important TBI, defined as death  Clinically important TBY, defined as Need for neurological intenvention, Clinically significant intracranisl injury,
outcome from TB, neurasurgical intervention for  death from TBI, neurasurgical defined as either death within 7 days defined as death as a result of head injury,
TBI( Ip i for TB secondary to the head injury or need for for jcal i
elevation of depressed skull fracture, pressure monitoring, elevation of anyof the following procedures within  or marked CT (defined as any
depressed skull fracture, 7 days: craniotomy, edevation of skull ew, acute, traumatic intracranial pathology
loby icl dura i h fracture, k ial d by hant radiologist,

repair, or other), intubation of more than
24 hfor TB or hospital admission of

2 nights or more foe TBIZ, associated with
TBlon CT§

Secondary  None
outcome

evacuation, lobectomy, tissue
debridement, dura repait, or other),
intubation of more than 24 h for TBI, oe
hospital admission of 2 nights or more
for TBIZ, associated with TBlon CT§

None

pressure, ot insertion of endotracheal
tube for the management of head injury

Brain injury on CT, defined as any acute
i jal findi sled on CT that

=
including intracranial haermatomas of any
size, cerebral contusion, diffuse cerebral
cedema, and depressed skullfracture)

Ad

9
was attributable to acute injury, inchuding
cosed depressed skull fracture

(ie, depressed past the inner table) and
preumocephalus, but excluding
non-depressed skull fractures and basilar
skull fractures

fe Injusry. CHALICE-Children’s Head | e

facita PECARN.

tinical Events. ED

vehidle crash. RTA~road traffic accident. CSF- inal fluid, T8I

injury.*In each of

thigh- CATCH (need for

Presence of skull fracture

gency Care Applied Research Netwark CATCH=Canadian Assessment of Tomography for
gency GCS~Glasgow Coma Scale. LOC~lozs of consciousness. MVC-motar
he absence of all of the above predictor variables indicates that cranial CT

for TBA defined by admission for

signs such as persistent

recurrent.
contusion, cerebral oedema, traumatic infarction, diffy

shuil

§TB1onCT defined by any of the

midline shift of intracranial contents or signs of brain herniation, diastasis of the skull,

Table 1- Inclusi d exclusion criter: " T

d of PECARN, CATCH, and CHALICE dinical decision rules***
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29433 patients with head inpunies of any severity presenting to ED

| 5203 missed for assessment

24 230 assessed for digbility

1706 excluded . ,HH FEﬁ

539 had anly trivial facal injunes

2011.4~2014.11 (394 ARE)
B e E— fEA - 201374

[ PECARN(<2y.0.)i5 40114
PECARN(Z2y.0.)@/5 1115241
CATCH3&ESS 4957451
CHALICE &% 200294

2240 lost to follow-up
147 did not have evaluable records
125 repeat presention for same head injury
22 missing GCS scom

20137 evaluable for analyss

. . v . v

4011 applicable for 11 152 applicable for 4957 applicable for 20029 apphcable for 18 913 applicable for
PECARN «2 years PECARN =2 yoars CATCH rule CHALICE nde comparsan cohort




Current study PECARN cohort  CATCHcohort  CHALICE cohort

cohort (n=20137) (n=42412) (n=3866) (n=22772)
Demographic characteristics
Mean age (years) 57(47) 71(55) 9-2(NR) 57 (NR)
Patients <2 years 5374 26 7%) 253% 72% 166%
Patients 22 years 14763 (733%) 74 7% 92.8% 83-4%
Boys 12828 (637%) NR 65% 65%
Girls 7309 (363%) NR 35% 35%
Clinician-assigned GCS score
3-8 121 (0-6%) NR
9-12 96 (0.5%) NR
13 135 (07%) 2.5% 03%
14 578 (249%) I2% 73% 10%
15 19207 (95-4%) 96.8% 902% 966%
Example symptoms and signs
Known or suspected LOC 2707 (13.5%) 154% 32.8%" S52%"
History of amnesia 1688 (8 4%)t NR 68.5% 32%
Hastory of vomiting 3452 (171%) 13 2% 409%1 1%
Headache 4127 (205%)1 461%t NR 1%
Witnessed disorientation 2043 (14.6%) NR 3 8% NR
Mechanism of injury
Fall-related 14119 (70-1%) 44 2% 449% NR
Motor vehicle incident 849 (42%) 88% 30% NR
Hiead hit by high-impact 1320 (6.6%) NR NR 20%
object or projectile
Suspected NAI 112 (0-6%) NR 26% 03%
Outcomes
Cranial CT 2106 (10-5%) 353% 52.8% 33%
Neurosurgery 83(04%) 03% 06% 06%
Hospital admission 4544 (22.6%)§ 14.0% NR NR
Death 15 (0-1%)4
Clinically important TBI 280 (1-4%) 1.0% NR NR
(PECARN)
Need for neurological 185 (09%) NR 06% NR
intervention (CATCH)
Clinically significant 403 (20%) NR NR 12%
intracranial injury
(CHALICE)

Data are mean (SD) ar n (%), unfess othervase stated. PECARN-Pedatnc Emergency Care Apphed Research Netwark.
CATCH-Canadian A 1t of Tamography for Childhood Head Injury. CHALICE=Chidren's Head Ingury Algorthm for
the Prediction of Important Clinical Events. NR=not reported. GCS~Glasgow Coma Scale. LOC<loss of corscausness.
NAJ-non-acddental inpury. T8l=traumatic bain injury. *Known LOC only. { Does not indude pre-verbal dvideen. $22
episodes. Shdmission rates defined as admitted to inpatient ward, shartstay ward, or intensive care urst §Death due to
head inpury alone (n=13); due to multi-trauma with head injury (n=2).

Table 2: Patient characteristics in current study, given alongside those from original PECARN, CATCH,
and CHALICE validation studies***
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PECARN CATCH CHALICE
<2 years (n=4011) =2 years (n=11152) All patients eligible All patients eligible All patients eligible within
within rule criteria within rule criteria rule criteria (n=20029)
{n=4957) (n=4957)
Predictors induded Al Al 4 high-nisk predictoes 7 medium-risk and All
high-risk predictors
Outcome assessed” Clinically important Clinically important Need for neurological Brain injuryon CT Clinically significant
traumatic brain injury traumatic brain injury intervention intracranisl injury
Positive on criteria
With outcome (n) 38 97 20 125 370
Without outcome (n) 1834 5987 779 2100 4303
Negative on criteria
With outcome (n) 0 1 1 16 3
Without outcome (n) 2139 5067 4157 2716 15352
Sensitivity (95%CI) 100.0% {907-100.0) 990% (94-4-100-0) 952% (762-99-9) 887%(822-934) 923% (892-947)
Specificity (95% Q) 538% (523-554) 458%(44.9468) 842% (832-852) 56:4% (55-0-57-8) 781% (77.5-78°7)
PPV (95%Cl) 20%(14-28) 16%(13-1.9) 25%(15-38) S6% (47-67) 79%(72-87)
NPV (95% ) 100 0% {99-8-1000) 1000% {99:9-100-0) 100.0% (99-9-100:0) 99.4%(991-99.7) 99.8% (99-7-99.9)

PECARN-Pediatric Emergency Care Applied Research Netwark. CATCH=Canadian Assessment of Tomography for Chil dhood Head injury. CHALICE=Chddren’s Head injury
Algorithm for the Prediction of impartant Ginical Events. PPV-positive predictive value. NPV =negative predictive value. *See table 1 for detailed definitions.

Table 4: Diagnostic accuracy of PECARN, CATCH, and CHALICE dinical decision rules when analysed using rule-specific indusion criteria, exclusion criteria,

predictor variables, and outcome measures
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PECARN CATCH CHALICE
<2 years (n=5046) =2 years (n=13 867)

Clinically important traumatic beain injury”
Positive on criteria

With outcome (n) 42 117 147 148

Without outcome (n) 2047 6606 5560 4018
Negative on criteria

With cutcome (n) 0 1 13 12

Without outcome (n) 2957 7143 13193 14735
Sensitivity (95% C1) 100 0% (91-6-100-0) 99:2% (95 4-1000) 91.9% (865-956) 925%(873-961)
Spedificity (95% C1) 59-1% {57.7-60.5) 52:0% (511-52 8) 70-4% (69.7-71-0) 786% (78.0-792)
PPV (95% C1) 2.0%(15-27) 17% (14-21) 26%(22-30) 36% (3.0-42)
NPV {95%Cl) 100-0%(99:9-100-0) 100-0% (99:9-1000) 999% (99-8-99.9) 999% (99.9-1000)
Traumatic brain injury on CT*
Positive on criteria

With cutcome (n) 70 180 220 27

Without outcome (n) 2019 6543 5487 3939
Negative on criteria

With cutcome (n) 0 1 3 24

Without outcome (n) 2957 7143 13175 14723
Sensitivity (95% 1) 1000% (94.9-1000) 99.4% (97.0-100.0) 876% (82.9-91.5) 90-4% (861-93.8)
Specificity (95% O0) 59-4% (58:0-60-8) 52:2% (514-530) 70-6% (699-713) 789% (783-79°5)
PPV (95% 1) 34%(26-42) 27%(23-31) 39% (34-44) 54%(48-62)
NPV (95%Cl) 1000% (99.9-100.0) 100-0% (99.9-100.0) 99-8% (997-99 8) 99.8% (99.8-999)
Neurosurgery®
Positive on criteria

With cutcome (n) 6 18 3 22

Without outcome (n) 2083 6705 5634 4144
Negative on criteria

With outcome (n) ] 0 1 2

Without outcome (n) 2957 7144 13205 14745
Sensitivity (95% (1) 100:0%(54-1-1000) 100-0% (81.5-200.0) 95.8% (78 9-999) 91.7% (73-0-99.0)
Specificity (95% C1) 58.7% (57-3-600) 516%(507-524) 69:9% (692-706) 781% (775-78:6)
PPV (95% Q) 03%(01-06) 03%(02-04) 0.4% (0-3-0-6) 05%(03-08)
NPV (95%Cl) 1000 (99.9-100:0) 100-0% (99-9-100.0) 100.0% (100-0-100.0) 100.0% {100-0-1000)

PECARN-Pedatric Emergency Care Applied Research Network. CATCH-Canadian Assessment of Tomegraphy for Childhood Head Injury. CHAUCE=Children's Head Injury

Algarithm for the Prediction of Important Clinical Events. PPV-positive predictive value. NPV=negative predictive value. *See table 1 for detailed definstions.

Table 5: Diagnostic accuracy of PECARN, CATCH, and CHALICE clinical decision rules in the comparative analysis of all patients with mild injury presenting

within24 h
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PECARN

CATCH CHALICE
<2y.0. = 2y.0.
R E 100 99.2 91.9 92.5
EE 59.1 52.0 70.4 18.6
[ IRy R 2.0 1.7 2.6 3.6
2Ry R 100 100 99.9 99.9
PECARN
CATCH CHALICE
<2y.0. =2y.0.
RRE 100 99.4 86.7 90.4
FEE 59.4 2.2 70.6 78.9
fZ R =R 3.4 2.7 3.9 5.4
2Ry 100 100 99.8 99.8
PECARN
CATCH CHALICE
<2y.0. = 2y.0.
R 100 100 95.8 91.7
BrEE 58.7 51.6 69.9 78.1
fZ Ry R 2R 0.3 0.3 0.4 0.5
2Ry R 100 100 100 100

RIL—ILDEE 2

FRAREICEERTBINDRE
=PECARN#'No.1

PECARN

2B ARMDERRAVICEEZLTBIORR L %A L

- BHEREBIT C2HE DO ABES Rk L

= ERAICERELTRIEA DN D DN
BEEESITICITIEEAL A CFEL

CHALICE
- BRARRUICEZR LR TBII2H 2 Rk L
(AR FHTESI20 2 2 )

FEEIZCATCH, CHALICEA' LA %

BHA %



L)L —ILDIEE

PECARN CATCH CHALICE
<2 years (ne4011) =2 years (n=11152) All patients eligibhe All patients eligible All patients eligible within
within rule criteria within rule criteria rule criteria (n<20029)
{n=4957) (n=4957)
Predictors induded Al Al 4 high-nisk predictoes 7 medium-risk and All
high-risk predictors
Outcome assessed” Clinically important Clinically important Need for neurological Brain injuryon CT Clinically significant
travmatic brain injury traumatic brain injury intervention intracranisl injury
Positive on criteria
With outcome (n) 38 97 20 125 370
Without outcome (n) 1834 59387 779 2100 4303
Negative on criteria
I with outcome (n) 0 1 1 16 31 |
Without outcome (n) 2139 5067 4157 2716 15352
Sensitivity (95%CI) 100 0% {90.7-100.0) 990% (94-4-100-0) 952% (76-2-99.9) 887%(822-934) 923% (892-947)
Specificity (95% Q) 53 8% (523-554) 458%(44.9-46.8) 842% (832-852) 56.4% (55:0-57-8) 781% (775
PPV (95%Cl) 20%(14-28) 16%(1.3-1.9) 25%(15-38) S6%(47-67) 79% (724
NPV (95% 1) 100 0% (99-8-1000) 1000% {99-9-100-0) 1000% (99-9-100-0) 99-4%(991-997) 99-8% (997

PECARN-Pediatric Emergency Care Applied Research Network. CATCH=Canadian Assessment of Tomography for Childhood Head Injury. CHALICE=Chddren’s Head inj)
Algorithm for the Prediction of important Ginical Events. PPV-positive predictive value. NPV =negative predictive value. *See table 1 for detailed definitions.

Table 4: Diagnostic accuracy of PECARN, CATCH, and CHALICE dlinical decision rules when analysed using rule-specific indusion criteria, exclusion d

predictor variables, and outcome measures
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