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Abstract

Aim
To determine prevalence of head injury presenting to paediatric emergency departments (PEDs) and characterise by
demographics, triage category, disposition neuroimaging or re-attendance.

Methods

Presentations in 2014 and 2015, with diagnoses of head injury, intracranial bleed, skull fracture including single or re-
attendances within 28 days post head injury to all national PEDs, were analysed. Demographics, triage score, imaging
rate, admission, mechanisms and representation rate were recorded.

Results

Head injury was diagnosed in 13,392 of 224,860 (5.9%), median (IQR) age 3.9 (1.4 - 8.3) years. Regionally 3% of children
<5 years attend each year. The total admitted/transferred was 10.8% (n=1460). Neuroimaging rate was 4.3% (n=570).
Falls predominated. Sport accounted for 12.2%.

Conclusion

One in twenty children PED presentations are head injury, over half in preschool children. A sizeable number were
symptomatic reflected by admission, transfer, imaging or re-attendance. Observational management was favoured
over imaging reflected in the higher admission versus imaging rate.



Introduction

Head injury is a common presentation to the Paediatric Emergency Department (PED), ranging from trivial soft tissue
injuries to traumatic brain injury (TBI), resulting in neuro-disability or death. Concussion, a mild Traumatic Brain Injury
(mTBI), is more likely to be under-diagnosed in young children due to their inability to report symptoms. Mild TBI results
from an impact to the body that is directly or indirectly transmitted to the brain! and accounts for 90% of TBI
internationally. A complex pathophysiological process ensues with symptoms affecting a child’s ability to function
physically, cognitively and psychologically. An admission for paediatric head injury overnight doubles the risk of a
subsequent diagnosis of paediatric attention deficit hyperactivity disorder in 5-10 year olds2. In the U.S. between 2001-
2005 it was estimated that half of mTBI in the 8-19y age group at Emergency Departments were sporting related®. Ireland
has a different sporting profile to the U.S, yet Irish youth rugby players have an 6.6% incidence of concussion annually 4.
Concussion is emerging as the most common injury in amateur rugby,®> above sprains and other injuries. The mechanisms
of mTBI (concussion) in children as a population presenting to PED is yet uncharacterized.

The Centres for Disease Control in 2018 emphasised the need to select children at risk of ongoing symptoms from mTBI
early, for rehabilitation®. In the US paediatric diagnoses of mTBI in Paediatric Emergency Department (PED)s have doubled
in 10 years.® Children with learning disabilities take longer to recover from mTBI” and adolescents are at a higher risk than
adults for ongoing symptoms. Exercise over traditional rest is an important part of recovery %2,

Internationally there has been an effort to reduce the numbers of children with head injury undergoing computerised
tomography (CT) because of ionizing radiation®!°. Korea estimates an incident ratio risk of 1.65 for all causes of cancer for
people who underwent CT brain in childhood!. In 2009, the Paediatric Emergency Care Applied Research Network
(PECARN) published a clinical prediction rule for identifying children at very low risk of clinically important traumatic brain
injuries. This study had a CT rate of 35%. The CT rate for head injuries, and the threshold for scanning children in Ireland
is previously undocumented. This study aimed to define the population attending the national paediatric emergency
service (3 PED in the greater Dublin area) detailing the severity of injury by triage category, neuroimaging, disposition and
unscheduled re-attendances.

Methods

A retrospective analysis was performed of the Symphony Emergency Department Information System (EDIS), the
electronic system that records emergency department activity, and the National Integrated Medical Imaging System
(NIMIS) from January 1°* 2014 to December 31° 2015. The patients requiring CT imaging were matched on EDIS by the
medical record number and date of birth. Ethical approval was received from the Ethics boards of the hospitals.

The annual census for the 3 national PEDs all in the greater Dublin area, is 112,430. National Paediatric population data
for the region was acquired from the 2016 national Irish census. For the purpose of analysis, the area served by the three
PEDs had a population of 1.9 million people.

EDIS search terms used, include diagnoses of head injury, intracranial bleed, skull fracture and head injury re-attendances,
as concussion was not a diagnosis recorded by the system. All sites utilise the Irish Childrens’ Triage System (ICTS) the
national paediatric triage tool, incorporating vital signs, mechanism of injury, elements of the history and comorbidities
to generate a triage category with 1-5 scale, category 1 being most critical®>.



Table 1: Irish Children’s Triage Category for Head Injury

Triage Category Features

1 Airway compromise
Respiratory failure / respiratory arrest
Unresponsive / Glasgow Coma Scale Score (GCS) <12
Currently seizing
Abnormal age-related vital signs < 2 standard deviations below range, or one standard deviation
below if < 1 year for respiratory rate or pulse
Penetrating Injury

2 Abnormal age-related vital signs > 2 standard deviations above range or < one standard deviation
below range for pulse or respiratory rate
Severe hypertension
Glasgow Coma Scale Score (GCS) 13-14
Severe pain (7-10/10)
Mechanism of injury as per major trauma including those described in NICE
History of bleeding disorder
Significant medical or surgical history
Ventriculo-peritoneal shunt
Persistent vomiting
New neurological symptoms
History of loss of consciousness = 30 seconds
Blood or serous fluid in nose or ear(s)
Bruising around the eyes or behind ears
History of blurred vision or seizure
Patient on spinal precautions
Large scalp laceration with pulsatile bleeding
Boggy temporal, parietal or occipital swelling

3 Abnormal age-related vital signs up to two standard deviations above normal for pulse and heart rate
and one standard deviation below for respiratory rate in children > 1 year
Moderate hypertension
Moderate pain (4-6/10)
Inconsistent history
History of loss of consciousness < 30 seconds
Amnesia
Infant < 1 year

4 Mild pain (1-4/10)
No loss of consciousness / no amnesia

5 Problem > 24 hours with no acute symptoms
No vomiting

Table 1: Compiled from lIrish Children’s Triage System vital signs specific triage scoring and specific head injury triage
scoring guidelines?3,

Symptomatic head injuries included patients admitted for observation, requiring imaging, or transferred to specialist
paediatric neurological centres as well as those re-attending with related issues within 28 days post head injury. Age
groups were subdivided as follows: infant (<1 year), Preschool (1- 4.9 years), Primary school age (5-11.9 years) and
Secondary School age (12-16 years). Re-presentation episodes were manually checked. The location/mechanism could be
identified in the triage record at a single site with full electronic record. The final mechanism analysis was of this dataset
only. The other two sites had paper documentation system that yielded unacceptably high missing values. Mechanisms



were categorized and sports and recreation subdivided. Statistical analysis was carried out with IBM SPSS Statistics for
Windows (V.24, Armonk, New York, USA). Data were expressed as median and interquartile ranges for the quantitative
variables and as numbers and percentages for the categorical variables.

Results
Demographics

Ireland has a population of 4.8 million with 1.2million aged 0-16y. The area served by the three PEDs had a population of
1.9 million people representing 39% of the population with a similar age distribution. The annualised presentation rate
was 3.4%, 2.8%, 1% and 0.8% of under one, 1- 4.9 years, 5-11.9 years and 12-16 years respectively. Overall 1.5% of the
paediatric population present to PED yearly with head injury.

From January 2014 to December 2015, 13,392 of 224,860 (5.9%) of presentations to Dublin PEDs had diagnoses of head
injury, intracranial bleed, or skull fracture in children aged 0-16y. There were 85,000, 71,444 and 68416 in the three sites.
Mechanism was identifiable in 51.9% of the pooled data, and in 97.4% of the 4,253 head injuries in the only centre with
electronic-based triage record. Similar mechanisms were reflected in the pooled data. Males accounted for 73% of head
injuries from 12-16y. This male predominance emerged after infancy. Half of head injuries are triaged as category four or
five 13, The majority were self-referrals and all age-groups spent a median (IQR) of 3.5 (+/- 2.5) hours in the department.

Table 2: Demographics, Arrival and treatment pathway of TBI presentations.

Infant Preschool Primary School @ Adolescent All
(<1y) (1-4y) (5-12y) (12-16y)
Presentations 1707 (12.7%) 6022 (45%) 3674 (27.4%) 1989 (14.9%) 13392
Male sex 870 (51%) 3543 (58.8%) 2481 (67.5%) 1448 (72.8%) 8342 (62.3%)

Arrival by Ambulance*

98 (10.4%)

336 (10.8%)

249 (12.2%)

210 (17.7%)

893(12.3%)

GP Referral source *

112 (11.8%)

431 (13.9%)

332 (16.2%)

272 (22.9%)

1147 (15.9%)

Triage Category

1 2 (0.1%) 17 (0.3%) 11 (0.3%) 10 (0.5%) 40 (0.3%)

2 273 (15.9%)  835)13.9%) 672 (18.3%) 472 (23.7%) 2252 (16.8%)
3 961 (56.3%) 1551 (25.8%) 1096 (29.8%) 762 (38.3%) 4370 (32.6%)
4or5 471 (27.6%) 3614 (60%) 1890 (51.4%) 743 (37.4%) 6718 (50.1%)
Time in dept: h 3.99 3.33 3.46 3.7 3.5 (+/-2.5)
Admitted to ward 396 (22.3.%) 350 (5.2%) 342 (7.2%) 196 (8.35%) 1123 (8.4%)
Admitted ICU 1(0%) 3 (0%) 4 (0.1%) 0 8 (0.1%)

T/F to Neurosurgery 13 (0.8%) 36 (0.6%) 74 (2%) 30 (1.5%) 153 (1.1%)

Discharged home

1300 (76.2%)

5630 (93.5%)

3285 (89.4%)

1715 (86.2%)

11930(89.1%)

Died 0 0 0 1 1

OPD/ Review 8 (0.5%) 33 (0.6%) 34 (0.9%) 61 (3%) 136 (0.3%)
Neuroimaging 40 (2.3%) 151 (2.5%) 203 (5.5%) 176 (8.8%) 570 (4.3%)
Re-presented 31 (%) 119 (2%) 111 (3%) 130 (6.5%) 391 (2.9%)

*Data taken from only two centres. % expressed over denominator of total presentations to these two hospitals. ICU;
intensive care unit, OPD; out-patients department.



Mechanisms

Presentation incidence peaked in September. Falls were predominant (n=1886; 45.5%). Injuries at school comprised 7.8%
of all injuries. In children under 1 year old there were 27 falls from “changing tables”, with five “walker” related head
injuries. In school age children (5-11.9yr olds), school injuries account for 209 (17.8%) compared to 146 sports related
injuries and 145 recreational injuries (Table 3). Overall the highest incidence of sporting head injuries was in rugby (n=177,
26.7%) but scooters (n=61) and trampolines (n=49) accounted for a share of recreational injuries.

Table 3: Aetiology of Head Injuries presenting by age to single site with electronic record.

Infant Preschool Primary Adolescent All

< 1year (1-4y) School (12-16y)

n =438 n=1849 (5-12y) n=751 n=4253

n=1215

Known mechanism 431 (98.4%) 1811 (97.9%) 1174 (96.6%) 726 (96.6%) 4142 (97%)
Road traffic accident 5 (1.2%) 41 (2.3%) 43 (3.6%) 23 (3.2%) 112 (2.6%)
Assault 0 0 5(0.4%) 54 (7.4%) 59 (1.4%)
Direct blow 55 (12.7%) 514 (28.4%) 301 (25.6%) 104 (14.3%) 974 (23.5%)
Fall (all falls) 371 (86%) 1113 61.5%) 325 (27.6%) 77 (10.6%) 1886 (45.5%)
School Injury 0 43 (2.4%) 209 (17.8%) 72 (9.9%) 324 (7.8%)
Recreational 0 46 (2.5%) 61 (5.2%) 18 (2.5%) 125 (2.9%)
Sports Related Injury 0 54 (3.5%) 230 (19.4%) 378 (52%) 662 (15.9%)
Team Sports 10 (18.6%) 109 (47.2%) 291 (76.9%) 410 (61.8%)
Basketball 2 (3.7%) 5 (2.2%) 8 (2.1%) 15 (2.3%)
Cricket 1(0.4%) 1(0.2%)
Football 7 (13.%) 64 (27.7%) 83 (22.0%) 154 (23.2%)
Gaelic games 14 (6.1%) 33 (8.7%) 47 (7.1%)
Hockey 1(1.9%) 1(0.4%) 14 (3.7%) 16 (2.4%)
Rugby 24 (10.4%) 153 (40.5%) 177 (26.7%)
Individual Sports 44 (79.5%) 114 (49.8%) 71 (18.8%) 228(34.5%)
Bike 36 (66.7%) 84 (36.8%) 35 (9.3%) 155 (23.5%)
Golf 2 (3.7%) 9 (3.9%) 2 (0.5%) 13 (2.0%)
Horse-riding 5(9.3%) 14 (6.1%) 18 (4.8%) 37 (5.6%)
Martial Arts 4(1.7%) 7 1.9%) 11 (1.7%)
Tennis 1(0.4%) 1(0.2%)
"Match" 2 (0.9%) 9 (2.4%) 11 (1.7%)
Undefined
"Sport" 1(1.9%) 7 (3.0%) 16 (4.2%) 24 (3.6%)

Percentages expressed as proportion of age category

Use of diagnostic imaging and observation

CT brain was performed on 570 (4.3%) and ranged from 3.5% to 6.2% between centres. Only 55% of the most critical
category ICTS category 1 were imaged. Of category 2, 3and 4 or 5, 11.5%, 4.0% and 1.7% were imaged. The likelihood of
CT increases with age, 2.3% of children under 5yrs and 8.8.% of the adolescents (Figure 1). When patients re-presented



they were more likely to be imaged 87/391 (22.2%). In total, 341 of children imaged were discharged home from PED
without an admission, 26 were discharged to OPD follow up. More than half are neither admitted nor followed-up within
the institution after imaging.

Figure 1: Percentage Of Children Undergoing CT Imaging By Age.
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The total admission rate was 8.4% with variability between sites. The highest admission rates were in the under 1 year
age group (22%). Child protection safeguarding policies encourage admission for observation and child protection review
for head injuries in children under one. With the under 1 age group removed 6.3% of 1-16 year olds were admitted. Overall
there were 1081 children admitted without imaging for observation and only 13.9% of all admission’s had imaging. 133
(<1%) were referred for review or outpatient clinic after initial presentation, 44 were referred onwards after
representation (11.3% of re-attendances). Reattendances were checked for the first month and the majority of these re-
attendances, (80%; n=391), returned within the first seven days.

Discussion

Head injury makes up for a large number of PED presentations that are low acuity, non-urgent as classified by the Irish
Children’s Triage Tool. The majority occurred in the preschool and pre-verbal population. Males accounted for 57.7%, is
consistent with previous reports of higher injury for head injury in boys > Syear old'* but we saw an increase in the
proportion from even 1 year of age. Accidents at school made up the majority of injuries in the 5-12y age group.
Anecdotally playgrounds have a confined space with a surface that is often concrete and may represent the only
opportunity for a sedentary generation of children to engage in any play®. Falls and direct blows account for 69% of



injuries, with sport accounting for only 12.2% of all PED head injuries. In adolescence, boys represent 70%, half with sport-
related injury, with 40% from rugby, but rugby is 4.3% overall. Rugby players may be self-selecting due to awareness
surrounding concussion. Due to the limitations of the current data surveillance system, head injury was not subdivided
into degrees of severity by diagnosis coding, but by triage category, requirement for admission or imaging. There is no
validated assessment scoring system¥¢ for the majority of presentations, in children under 5 years.

Overall the number undergoing imaging was remarkably low (4.3%) compared to international studies. The Paediatric
Research in Emergency Department International Collaborative (PREDICT) Australian and New Zealand cohort reports a
10% rate of imaging in a similar population’. In the US it is 20% in general and 13% in dedicated paediatric emergency
departments?®. In our study minimal numbers of lower category patients were imaged. The Australasian Paediatric Head
Injury Rules study had a rate of 10% while excluding only trivial facial injuries’. Applying strict imaging rules could increase
our modest rate of CT. Colvin et al reported a 66% CT rate in ED presentations in the US, citing that the cost burden of
admission being greater than imaging®. It is important to see that children are observed in their management, when safe
to do so, regardless of costs, if it prevents avoidable ionising radiation. With each hour of admission, the need for CT
decreases®. A recent study reinforces a practice of not imaging children with only isolated vomiting?. Observation in
these children, before determining need for CT is appropriate.

In our institutions a wait and see approach was employed, as seen by lower imaging rates with higher admission rate. In
ED space is at a premium. At the time of this study no short stay observational unit was available and the majority of
children were admitted to wards without imaging. Older children were more likely to be imaged. This phenomenon has
been seen previously®®. It is difficult to say whether this is due to increased symptoms of mTBI in adolescence® prompting
imaging or caution with radiation in younger children.

A sizeable proportion of children with head injury (8.4%) required admission. There is a calculated assumption that
children who required imaging, admission (in any child over one year) or any return in the following days, with the same
presentation had symptoms worthy of a diagnosis of mTBI. This amounts to 9.5% of the cohort. Few children are referred
onward for further assessment; this is likely due to the lack of any formalised local or national paediatric facility for mTBI.
The Center for Disease Control (CDC) require that children with premorbid conditions, or risk factors for prolonged
symptoms have ongoing assessments. The guidance on paediatric mTBI recommended a review of children with ongoing
symptoms beyond 7-10 days, and referral to a specialist symptoms where persist beyond a month?é. Re-presentations in
our study occurred within a week of their initial visit, when symptoms should be expected to persist. Adolescence,
particularly in girls is a risk factor for prolonged symptoms’. Those who did represent had an increased rate of
neuroimaging than first time presentations.

This study is representative only of PED presentations, it did not capture if children presented or re-presented to the GP.
In the USA <10% of all mTBI present to ED, with older children more likely to attend primary care?’. This age-group may
be under-represented by only including PED attendances.

To the best of our knowledge this was the first study describing paediatric head injury in Ireland. The three hospitals
represent the greater Dublin population and serve almost 40% of the national age group under 16 years. The triage
categories for head injury are standardised and robust. While head injury is an acute presentation, chronic and disabling
symptoms may be prevented by arranging timely follow-up for high risk patients® 22, While older children are sometimes
referred to adult services, no formalised pathway exists within the paediatric services to follow cases where symptoms do
not resolve whose needs are best met outside the PED. It is vital that this information on head injuries is gathered to plan
provision of services within paediatrics and a formalised clinical pathway for post concussive syndrome.
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