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Background
Acquired brain injury (ABI) is the umbrella term for 
brain injuries that occur after birth and affect the physi-
cal integrity, metabolic activity, or functional ability of 
neurons in the brain [1]. ABI can be categorised accord-
ing to the mechanism of injury. Traumatic brain injury 
(TBI) occurs when an alteration in brain function follows 
an external force exerted on the head as in a fall, road 
traffic accident, or sports injury. By contrast, non-trau-
matic acquired brain injury (NT-ABI) is usually caused 
by internal factors such as a lack of oxygen following 
asphyxiation or vascular rupture; exposure to toxins fol-
lowing poisoning or infections such as encephalitis or 
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Abstract
Background Population-level administrative data provides a cost-effective means of monitoring health outcomes 
and service needs of clinical populations. This study aimed to present a method for case identification of non-
traumatic brain injury in population-level data and to examine the association with sociodemographic factors.

Methods An estimated resident population of youth aged 0–24 years was constructed using population-level 
datasets within the New Zealand Integrated Data Infrastructure. A clinical consensus committee reviewed the 
International Classification of Diseases Ninth and Tenth Editions codes and Read codes for inclusion in a case 
definition. Cases were those with at least one non-traumatic brain injury code present in the five years up until 30 
June 2018 in one of four databases in the Integrated Data Infrastructure. Rates of non-traumatic brain injury were 
examined, both including and excluding birth injury codes and across age, sex, ethnicity, and socioeconomic 
deprivation groups.

Results Of the 1 579 089 youth aged 0–24 years on 30 June 2018, 8154 (0.52%) were identified as having one of the 
brain injury codes in the five-years to 30 June 2018. Rates of non-traumatic brain injury were higher in males, children 
aged 0–4 years, Māori and Pacific young people, and youth living with high levels of social deprivation.

Conclusion This study presents a comprehensive method for case identification of non-traumatic brain injury using 
national population-level administrative data.
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meningitis; or pressure-related tissue damage (e.g. due to 
brain tumours).

ABI during childhood can result in a range of subtle to 
profound consequences across the lifespan. Severe ABI 
at a younger age is associated with a raft of neurocog-
nitive deficits in processing speed, attention, verbal and 
non-verbal problem-solving skills, memory and executive 
function [2, 3]. These deficits can affect a child at home, 
school and in the community [4]. Longer-term adverse 
outcomes include poorer educational achievement, lower 
employment status, and increased mental health prob-
lems [5]. Compared to those who sustain a TBI, both 
adults and children with NT-ABI achieve less functional 
and cognitive recovery than those with TBI following 
multidisciplinary neurorehabilitation [6–8]. This may 
partly be explained by the greater number of comorbid 
conditions in NT-ABI [8].

Longitudinal research to investigate later life sequelae 
and support needs of an NT-ABI in childhood incurs a 
significant participant burden and is expensive to con-
duct. There is limited data regarding outcomes for chil-
dren and young people who collectively fall within the 
NT-ABI group. Observational studies conducted in 
specific types of NT-ABI such as those with encephali-
tis, brain tumours, or cardiac arrest suggest high rates of 
neuropsychological and functional impairment [9–11].

Population level administrative data provides a cost-
effective method of examining health outcomes and 
monitoring trends among specific clinical groups such 
as those with NT-ABI. Standardized case definitions and 
a process for case identification using the definition is 
fundamental to the use of administrative data for these 
research purposes [12, 13]. Researchers have proposed 
case identification methodologies across the TBI severity 
spectrum and grappled with the challenges of data vali-
dation and agreement about specific classification codes, 
and these have primarily been focused on TBI rather 
than NT-ABI [14, 15].

Proposed case definitions for TBI have been published 
using the International Classification of Diseases Tenth 
Edition (ICD-10) codes and these have been investigated 
in hospital level administrative data in adults [16] and 
children [17]. Chen and Colantonio (2011) defined TBI 
using a set of ICD-10 codes by first completing a litera-
ture review of papers that used an ICD10 definition of 
brain injury or spinal cord injury. Codes that were con-
sistently used across studies, had a strong correlation 
with brain injury, or fitted with the theoretical frame-
work of brain injury were considered by a committee 
for inclusion in the final case definition [18]. The defini-
tion was then applied in an investigation of delayed dis-
charge from hospital days in TBI patients alongside those 
with NT-ABI. In this paper ICD-10 codes for anoxia, 
brain tumours, encephalitis, metabolic encephalopathy, 

and vascular insults excluding stroke were included to 
capture NT-ABI. Further detail about the process for 
determining which NT-ABI codes to include was not 
described [19]. An investigation of service utilization in 
NT-ABI children and youth used ICD-10 codes from the 
definition of NT-ABI produced by the Commission for 
Accreditation of Rehabilitation Facilities (CARF). Health-
care service utilization was found to be high in the pedi-
atric NT-ABI population [20]. To date, defining NT-ABI 
and a process for determining the inclusion of relevant 
codes that can be applied in population-level administra-
tive data is scarce relative to the literature for TBI.

A large research project that developed a case identi-
fication method for neurodiversity and TBI (Clasby et 
al. forthcoming work) and led to a case identification 
method for common childhood mental health disorders 
using routinely collected population level data [21] pre-
sented an opportunity to build on this work and establish 
a method for case identification for NT-ABI. The objec-
tive of the current study was to develop a case identifica-
tion method for NT-ABI in child and youth populations 
using linked administrative data through clinical con-
sensus of diagnostic codes. A secondary objective was 
to explore an application of this method over a five-year 
period to determine how many individuals were identi-
fied with NT-ABI overall, and by sociodemographic 
subgroup. Estimating prevalence of NT-ABI was not an 
objective of this study.

Methods
Integrated data infrastructure
Routine health and demographic data were obtained 
from the Integrated Data Infrastructure (IDI), a collec-
tion of whole-population administrative data sources 
linked at the individual level and managed by the New 
Zealand Government agency Statistics New Zealand 
[22, 23]. To protect data privacy, IDI data are deidenti-
fied and accessed only through secure ‘Datalabs’: facilities 
restricted to approved users, with access to data through 
a secure connection to a dedicated server. Statistics New 
Zealand protocols require all results to be aggregated and 
reviewed for confidentiality prior to release from the Dat-
alab environment.

Population-level databases within the IDI
National minimum data set (NMDS)
The NMDS contains New Zealand hospital admission 
data from all publicly funded hospitals in New Zealand. 
This includes emergency department presentations 
and day patient admissions exceeding three hours. The 
NMDS contains International Classification of Diseases 
(ICD) codes identifying both primary and secondary 
diagnoses. The ICD is a system used to code diagnos-
tic and procedural information associated with hospital 
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admissions. ICD codes can be used for payment and 
funding allocation, population level disease monitoring, 
and research investigating trends in disease. The ICD-9 
Clinical modification (ICD-9 CM) was used to classify 
mortality causes in the United States until it was replaced 
by the updated ICD-10. An Australian modification of 
the ICD-10 (ICD-10 AM) was first released in 1998 and 
used in this case identification study to identify codes rel-
evant in the New Zealand context of the IDI.

The inclusion of secondary diagnoses in the NMDS 
allows for case identification in situations where the brain 
injury is not the primary reason for admission.

Socrates
Socrates is a Ministry of Health database that contains 
information about use of disability support services. 
For example when people with a disability are referred 
to or seen by a Needs Assessment Service Coordinator 
(NASC) to ascertain eligibility and need for services such 
as in-home help, this is recorded in Socrates. An individ-
ual’s record contains diagnosis information from referral 
to services made by General Practitioners, Paediatricians, 
and other medical specialists that is used in Socrates spe-
cific diagnosis codes. If a child has more than one diag-
nosis these are all captured in the Socrates coding from 
the referral.

Accident compensation corporation (ACC)
The Accident Compensation Corporation is a govern-
ment agency that funds injury related needs arising as 
the result of an accident, and is available to all New Zea-
landers. Non-residents injured while in New Zealand are 
also eligible for ACC. The database contains information 
about claims made following injury. In New Zealand, 
children who sustain a TBI in an accident have their sup-
port needs funded through ACC. Children who acquire 
a non-traumatic brain injury for example after a stroke, 
infection of the brain, brain tumour or cardiac arrest are 
not typically covered by ACC and instead access support 
via multiple agencies including the Ministry of Health, 
the Ministry of Education, disability support services and 
community mental health services. Approved treatment-
related injuries are covered by ACC and therefore some 
children who suffer a non-traumatic brain injury as the 
result of rare or unexpected complications to a medical 
procedure or intervention, or preventable delay in access 
necessary care can lodge claims with ACC. Data within 
this dataset includes ICD-9, ICD-10, and Read diagnosis 
codes that pertain to the injury that is being claimed for. 
Read codes are a standardized and simplified set of codes 
developed in the United Kingdom and first applied in the 
National Health Service in 1985. They are used to assign 
diagnoses and injury categories by a health practitio-
ner and are not country-specific [24]. Read codes assist 

in consistency of terminology across systems capturing 
symptom, diagnostic, and procedural information. In 
New Zealand Read codes are used in systems capturing 
information about injury related claims for healthcare.

Programme for the integration of mental health data 
(PRIMHD)
The PRIMHD is a database containing information from 
providers of specialist mental health services. These ser-
vices are provided by Non-Government Organisations 
(NGO) and by Government funded community mental 
health services located within each health district of New 
Zealand. PRIMHD includes ICD-10 and Diagnostic and 
Statistical Manual for Mental Disorders – Fourth Edition 
(DSM-4) primary and secondary diagnosis codes. The 
DSM-4 is the official manual of the American Psychiatric 
Association and a provides diagnostic criteria for classi-
fying psychiatric disorders. Exploratory analysis showed 
no cases of NT-ABI were found in the PRIMHD dataset.

Case identification
Firstly, preliminary lists of ICD-9 CM, ICD-10 AM, 
Socrates specific diagnosis codes, and Read codes were 
constructed. We included birth trauma codes in our case 
identification process. Different definitions of ABI treat 
inclusion of birth trauma differently, therefore we include 
these as a distinct sub-group so that these codes can be 
separated out if desired.

A clinical consensus committee was formed and com-
prised of five health professionals with clinical experience 
in acquired brain injury (two Pediatric Rehabilitation 
Medicine Specialists, two Child and Adolescent Psychia-
trists, and a Pediatric Neuropsychologist). All members 
of the group had > 10 years of experience working with 
young people following acquired brain injury, were cur-
rently working in clinical practice in young people with 
brain injury, and had training in brain development, 
mechanisms of injury, and treatment/intervention. Utilis-
ing a clinical consensus approach has successfully been 
applied to identification of youth mental health problems 
[21]. Each member of the group systematically evaluated 
each code (including both ICD and Read codes) to deter-
mine if it indicated an acquired brain injury. The overall 
aim of the clinical consensus process was to establish a 
set of codes that if present would mean a brain injury was 
most likely to have occurred.

Codes were included if they clearly indicated damage to 
the brain had occurred (e.g. codes that included hypoxic 
injury, or indicated brain dysfunction e.g. encephalitis 
or encephalopathy), or if brain structures were identi-
fied as being affected (e.g. codes that specified the loca-
tion of brain tumours). Codes for conditions where there 
was a possibility that an injury to the brain could occur 
as sequelae of the condition or event were not included 
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if the code did not identify or define an injury to the 
brain at the time of the event (e.g. toxicity from poison-
ing that did not specify brain involvement in the code 
description). The rate of initial agreement between com-
mittee members was 98% for ICD-10AM codes (agree-
ment on 218 of 223), 97% for ICD-9CM codes (168 of 
174), and 89% for Read codes (agreement on 796 of 898). 
In the cases of initial discrepancy in agreement this was 
resolved by group discussion until a consensus opinion 
was reached. Specifically the process of reaching agree-
ment involved: reviewing the criteria for inclusion, com-
mittee members providing their rationale for their initial 
decision, and review of the inclusion decision for similar 
codes. In all cases this process resulted in unanimous 
agreement between committee members. Inclusion deci-
sions for codes were then checked for consistent applica-
tion across the ICD-9 CM, ICD-10 AM, and Read codes. 
The full list of included codes is presented in supplemen-
tary tables S1-S4.

Using date of service use recorded in each dataset, a 
person was identified as an NT-ABI case if at least one of 
the NT-ABI codes was present in the five years up until 
30 June 2018 in one of the four databases (NMDS, ACC, 
Socrates, PRIMHD).

Sociodemographic measures
Sex was classified as male or female. Age was calcu-
lated in years and months as at 30 June 2018. Ethnicity 
was categorised as ‘European’, ‘Māori’, ‘Pacific’, ‘Asian’, 
‘Middle Eastern, Latin American or African’ (MELAA), 
and ‘Other’ using a ‘total ethnicity’ approach that allows 
people to indicate all ethnic groups with which they iden-
tify. In New Zealand it is common for people to identify 
with more than one ethnic group [25]. The total ethnic-
ity approach results in the capture of all ethnic groups a 
person identifies with and therefore individuals are not 
assigned a single mutually exclusive ethnicity category. 
The New Zealand Deprivation Index (NZDep) is a com-
prehensive measure of socioeconomic status that encom-
passes economic deprivation markers including income, 
home ownership, and housing information. Higher NZ 
Dep scores indicate greater levels of economic depriva-
tion. Using the residential address database from the IDI 
at 30 June 2018, NZDep scores were merged at the mesh-
block (neighbourhood) level and collapsed to quintiles. A 
binary measure of geographical location (urban or rural) 
was used with rural dwelling defined as locations with 
populations < 1,000 people.

Data analysis
Preparation of data was conducted using SAS Enterprise 
Guide version 8.3 and analysis was undertaken in Stata 
MP version 16.1 in the secure IDI environment. The New 
Zealand estimated resident population (ERP) of young 

people aged between 0 and 24 years in the 2017/2018 
fiscal year was created using an established IDI method 
[26, 27]. This method aims to include all those who were 
alive and living in New Zealand as at 30 June 2018. The 
method constructs an ERP that is within 2% of the official 
ERP [27].

Population rates of NT-ABI are presented overall and 
by sociodemographic sub-group. Rates excluding birth 
trauma events, and rates of birth trauma NT-ABI are also 
presented separately. In addition, NT-ABI cases by data 
source of identification are presented.

Results
Overall rates of NT-ABI identified
A total of 1 579 089 youth aged 0–24 years at 30 June 
2018 formed the cohort of children and adolescents 
resident in New Zealand in the 2017/2018 fiscal year. Of 
those, 8154 (0.52%) were identified as having one of the 
NT-ABI codes in the five year period prior to 30 June 
2018 equivalent to 516 per 100 000. Table  1 shows the 
five year rates of non-traumatic acquired brain injury for 
the population and broken down by inclusion of birth 
trauma codes. Males had slightly higher rates of NT-ABI 
than females. The overall rate of NT-ABI was highest in 
children aged 0–4 years (1352 per 100 000) compared 
to 344 per 100 000 in 5–9 year olds, 236 per 100 000 in 
10–14 year olds, 342 per 100 000 in those aged 15–19 
years, and 366 per 100 000 in 20–24 year olds.

Differences in rates of ABI by ethnicity were evident 
with higher relative rates in Māori (722 per 100 000) and 
Pacific (669 per 100 000) and lower rates in Asian (332 
per 100 000)and MELAA (480 per 100 000) young peo-
ple. There was a clear deprivation gradient and rates of 
NT-ABI were highest amongst those living in the most 
deprived areas (697 per 100 000). These economic and 
ethnic differences were evident in both rates of birth 
trauma and in non-birth trauma cases of NT-ABI.

Source of cases identified
Table 2 shows the source of cases identified stratified by 
dataset and by sociodemographic sub-group. The NMDS 
contained 87.2% of the cases identified with non-trau-
matic brain injury. Excluding birth trauma codes, 82.9% 
of cases were identified in the NMDS while birth trauma 
cases came exclusively from the NMDS). The second 
highest number of NT-ABI cases were found in the ACC 
database at 15.3%. A small number of cases were identi-
fied in the Socrates dataset (1.7%).

Females had more cases identified in the NMDS and 
fewer in either ACC or Socrates than males. For age 
group a greater proportion of identified cases came from 
the ACC and Socrates datasets for those aged between 5 
and 14 years. Proportionally more cases were identified 
in the NMDS for those aged between 0 and 4 years or 
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between 20 and 24 years. Māori, Pacific, and Asian youth 
had a greater proportion of cases identified in the NMDS 
and Socrates datasets than NZ European or MELAA 
youth. By contrast in the ACC dataset NZ European and 
MELAA young people had a greater proportion of cases 
identified from that source.

There were proportionally fewer cases of NT-ABI 
identified in the ACC dataset as the level of deprivation 
increased. The opposite trend was evident in the Socrates 
dataset where more cases were present in that dataset as 
the level of deprivation increased. When looking at urban 
vs. rural cases, rural living young people had a lower pro-
portion of cases identified in the NMDS, and a greater 
proportion identified in the Socrates dataset than urban 
dwelling young people.

Discussion
We present a systematic approach to case identification 
of non-traumatic acquired brain injury in paediatric pop-
ulations. We compiled ICD-9, ICD-10, and Read codes 
which were examined by a clinical consensus committee 
for inclusion in a case definition of non-traumatic brain 
injury in children. Using multiple datasets contained in 
the New Zealand Integrated Data Infrastructure, we 

identified over 8000 cases of NT-ABI among the youth 
population at a rate of 0.52% in the five year period exam-
ined. Our approach makes a significant contribution to 
NT-ABI research by using multiple classification systems 
to identify a wide range of potential codes and an expert 
review process to reach consensus regarding inclusion. In 
addition, results from an application of the method are 
presented for ages 0–24 years, including and excluding 
birth trauma, to account for international differences in 
classification of acquired brain injury.

Case identification is the foundational step for further 
research using population data to identify and moni-
tor the healthcare service needs and utilization of clini-
cal populations [28–30]. Future studies could apply this 
definition to administrative data with the aim of improv-
ing the changing needs of people with NT-ABI. Service 
utilization is high in people living with a non-traumatic 
brain injury acquired in childhood [20]. Studies within 
distinct diagnostic groups indicate that education and 
quality of life sequelae for youth living with a NT-ABI 
play a significant role in longer-term outcomes across the 
lifespan [9–11, 31] thereby presenting diverse support 
needs across health, education, employment, and social 
services. Monitoring trends in the data for the population 

Table 1 Case identification of non-traumatic acquired brain injury by demographic characteristics
Total NT-ABI cases NT-ABI cases excl. birth trauma Birth Trauma
N % N % N %

Total Population 1,579,089 8154 0.52 6057 0.38 2265 0.14
Sex
Male 813 123 4530 0.56 3345 0.41 1287 0.16
Female 765 966 3624 0.47 2712 0.35 978 0.13
Age group
0–4 years 296 814 4014 1.35 1938 0.65 2241 0.76
5–9 years 323 043 1110 0.34 1089 0.34 24 0.01
10–14 years 311 826 735 0.24 735 0.24 n/a
15–19 years 309 972 1059 0.34 1059 0.34 n/a
20–24 years 337 434 1236 0.37 1236 0.37 n/a
Ethnicity
European 1 064 181 5454 0.51 4089 0.38 1467 0.14
Māori 408 150 2949 0.72 2214 0.54 789 0.19
Pacific 212 823 1425 0.67 1050 0.49 405 0.19
Asian 270 312 900 0.33 603 0.22 318 0.12
MELAA 32 259 153 0.47 111 0.34 48 0.15
Deprivation Index
Lowest quintile 293 109 1152 0.39 906 0.31 270 0.09
Dep2 277 701 1218 0.44 930 0.33 312 0.11
Dep3 277 389 1314 0.47 969 0.35 372 0.13
Dep4 291 522 1617 0.55 1158 0.40 501 0.17
Highest quintile 355 167 2478 0.70 1797 0.51 726 0.20
Resident location
Urban 1306 389 6807 0.52 5061 0.39 1890 0.14
Rural 262 071 1305 0.50 966 0.37 363 0.14
MELAA: Middle Eastern, Latin American, African

NT-ABI: non-traumatic acquired brain injury
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of people with NT-ABI as a whole will contribute to the 
understanding of the unique service needs of this group 
of people.

A method for identification of NT-ABI allows for the 
investigation of the costs of ongoing service utilization 
following non-traumatic injury. Epidemiological mea-
sures of the costs associated with NT-ABI require a defi-
nition that can be used in population data. Calculation of 
the years of life lost (YLLs) and years lived with disabil-
ity (YLDs) can be combined to an estimate of disability 
adjusted life years (DALYS). Across the age spectrum and 
a range of causes, neurological disorders carry a signifi-
cant global burden and in 2016 had the highest cost of 
DALYs [32]. In children neurological injuries contribute 
to a high global burden in part due to years lived with 
disability from a young age [33]. Our results indicate the 
highest rate of NT-ABI occurs in those aged 0–4 years 
which is consistent with other reports of high rates of 
neurological insult and traumatic injury in the preschool 
years [33, 34]. The effects of early injury on developmen-
tal trajectory and on the higher number of years lived 
with disability contribute to the burden of NT-ABI in 
children [2, 35]. Burden of injury studies in TBI across all 
ages suggest high costs associated with injury in the first 
12 months and ongoing costs associated with moderate 
to severe injury [36, 37]. Case identification of moderate 
to severe NT-ABI in young people could be used to esti-
mate costs associated with persistent disability across the 
sub-groups of brain injury and identify the costs associ-
ated with specific service use.

We aimed to provide a method of case identification 
for NT-ABI in young people using national adminis-
trative data but the method was not designed with the 
intention of estimating prevalence. Several authors have 
discussed the limitations of administrative data for prev-
alence estimates and warned against using such estimates 
for funding decisions [13, 14]. Prevalence estimates 
from population-level administrative data are generally 
accepted to underestimate the brain injury rate substan-
tially. In a validation study of the application of ICD-10 
codes to a cohort of cases known to have TBI, only 18% of 
known TBI cases had appropriate ICD10 codes in admin-
istrative data [15]. Studies comparing TBI codes present 
in hospital level administrative data with medical records 
indicate that the rate of TBI is underestimated [38–40]. 
Codes for skull fractures, intracranial lesions, and neuro-
surgical procedures may be more reliably present in hos-
pital level data [40] while neurological conditions may be 
underestimated [39]. Internal neurological events leading 
to NT-ABI are therefore also likely to be underestimated 
in the hospital level data that feeds into population level 
datasets such as the IDI. A limitation of our method of 
case identification is that it is currently unvalidated and 
therefore the degree of undercount or false positives 

is unknown. Future studies using medical records to 
examine the application of appropriate NT-ABI codes in 
the youth population from medical records through to 
administrative data would assist in validating case identi-
fication. This would allow an iterative approach to refine 
this method of case identification.

The five-year rate of NT-ABI in our cohort will sig-
nificantly underestimate the true rate. We used strin-
gent criteria for identifying NT-ABI cases and included 
only codes where a brain injury was specified in the code 
or considered likely to have resulted in a brain injury 
according to the clinical consensus committee. There is 
no classification system for the severity of NT-ABI, and 
mild NT-ABI is likely undetected in hospital records that 
feed into administrative data. Therefore, the NT-ABI 
cases identified will represent only a proportion of severe 
and moderately severe NT-ABI cases. Clear severity clas-
sification guidelines exist for traumatic injuries [41]. Even 
with this system, it is well documented that mild trau-
matic injuries are more likely to be absent from adminis-
trative data [15]. To provide incidence estimates requires 
identification of the first time an NT-ABI code appears 
for a young person. This necessitates the availability of 
robust data with time coverage that extends beyond that 
currently present in the IDI. Our approach examined 
the rate of codes present in a five year period but does 
not provide information about the timing of injury. Cal-
culation of incidence estimates is an important focus for 
future research as more data become available.

We used a clinical consensus approach similar to 
that used in the identification of youth mental health 
problems [21]. The clinical consensus committee that 
reviewed codes for inclusion in a definition of NT-ABI 
was comprised of clinicians with experience across a 
wide range of NT-ABI presentations. In New Zealand 
there is a single Pediatric Rehabilitation Service that 
provides specialist rehabilitation to children, therefore 
clinicians working in this service are familiar with the 
spectrum of causes of NT-ABI. However, a consensus 
committee comprised of experts across individual causes 
of neurological insult may have arrived at a different set 
of codes for inclusion. In depth knowledge of neurologi-
cal conditions and their functional outcome over time 
is required to understand NT-ABI. Future studies could 
bring together clinicians with specific expertise in sub-
groups of neurological conditions affecting children in 
an effort to determine codes for inclusion and to com-
pare these with those identified here. Other approaches 
to case identification have also been reported. In their 
study of TBI, Chen and Colantonio (2011) used a system-
atic review of the literature to examine the use of ICD-10 
codes for TBI. They identified 26 studies and noted a high 
degree of inconsistency between studies in use of ICD-
10 codes [18]. The challenges in applying a systematic 
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literature review approach to NT-ABI include the diverse 
range of neurological conditions that can cause NT-ABI. 
Decisions about which conditions to include in a lit-
erature search would still need to be informed by clini-
cal knowledge of NT-ABI rehabilitation and ideally by 
consensus. Nevertheless, a systematic literature review 
would provide an alternative approach to case identifi-
cation that could be compared to the clinical consensus 
method. An advantage of our method is the review of 
ICD-9, ICD-10, and Read codes to capture NT-ABI in 
administrative data that spans timeframes during which 
classification systems can change.

We found a clear socioeconomic gradient of case iden-
tification of non-traumatic ABI. Cases of NT-ABI were 
higher in young people living in the most economi-
cally deprived households. This gradient was present in 
birth trauma cases and NT-ABI cases with birth trauma 
excluded. Socioeconomic deprivation is a documented 
risk factor for traumatic brain injury [42–44]. It is unclear 
why non-traumatic brain injuries occurring as the result 
of internal neurological processes are more common 
in high-deprivation households. Barriers to healthcare 
access and factors associated with deprivation may lead 
to circumstances where brain insults are more likely to 
occur for example increased childhood infections. Higher 
levels of socioeconomic deprivation in early childhood 
have been found to increase the risk for multimorbidity 
and chronic illness [45]. Socioeconomic factors repre-
sent a potentially modifiable risk factor that could reduce 
rates of NT-ABI in childhood. For traumatic brain inju-
ries, prevention efforts have focused on reducing injury 
from road traffic accidents, falls, and sports injuries. This 
work demonstrates the possibilities for injury prevention 
that emerge from an understanding of modifiable risk 
factors. Our finding highlights the need to investigate the 
potential reasons for this deprivation gradient in future 
studies.

Most NT-ABI cases were identified from the NMDS 
dataset (hospital inpatient records), with birth trauma 
cases exclusively from this dataset. Given that children 
with medical events or diagnoses resulting in a non-trau-
matic brain injury are treated in a hospital setting, it is 
unsurprising that most cases were identified through the 
NMDS. No cases of NT-ABI came from the PRIMHD 
(community mental health) dataset. Although acquired 
brain injury is a risk factor for mental health problems 
[46], PRIMHD reflects tertiary-level mental health ser-
vice use where mental health diagnoses are the focus. 
Physical health diagnoses underlying a NT-ABI would 
not necessarily appear in these services, and the lack of 
case identification through PRIMHD is not unexpected. 
Future studies using the IDI to explore NT-ABI could 
investigate mental health outcomes using PRIMHD 
rather than using this dataset to identify cases of NT-ABI. 

ACC (accident claims) and Socrates (disability support 
services) contributed a relatively small number of NT-
ABI cases but did contribute to case identification. Previ-
ously, researchers have found that utilization of multiple 
databases in the IDI is preferable to capture cases more 
thoroughly [21]. Our findings suggest that using multiple 
datasets to identify cases of NT-ABI will result in better 
capture of cases, particularly for brain injuries occurring 
after the perinatal period.

Conclusions
To provide timely and relevant healthcare intervention, 
researchers need to understand the rate of occurrence 
as well as the changing needs and trajectories of young 
people living with an NT-ABI. We provide a method for 
identifying cases of NT-ABI in population level adminis-
trative data and a framework for working with multiple 
datasets. A method of case identification is the first step 
toward monitoring trends in the population of young 
people with NT-ABI as a whole, understanding service 
needs, targeting prevention, and ultimately providing 
coordinated, consistent care to people living with a non-
traumatic brain injury acquired in childhood.
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