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ABSTRACT

Introduction Epilepsy places a large burden on health
systems, with hospitalisations for seizures alone occurring
more frequently than those related to diabetes. However,
the cost of epilepsy to the Australian health system is
not well understood. The primary aim of this study is to
quantify the health service use and cost of epilepsy in
Queensland, Australia. Secondary aims are to identify
differences in health service use and cost across
population and disease subgroups, and to explore the
associations between health service use and common
comorbidities.

Methods and analysis This project will use data
linkage to identify the health service utilisation and costs
associated with epilepsy. A base cohort of patients will
be identified from the Queensland Hospital Admitted
Patient Data Collection. We will select all patients admitted
between 2014 and 2018 with a diagnosis classification
related to epilepsy. Two comparison cohorts will also be
identified. Retrospective hospital admissions data will

be linked with emergency department presentations,
clinical costing data, specialist outpatient and allied health
occasions of service data and mortality data. The level of
health service use in Queensland, and costs associated
with this, will be quantified using descriptive statistics.
Difference in health service costs between groups will
be explored using logistic regression. Linear regression
will be used to model the associations of interest. The
analysis will adjust for confounders including age, sex,
comorbidities, indigenous status, and remoteness.
Ethics and dissemination Ethical approval has been
obtained through the QUT University Human Research
Ethics Committee (1900000333). Permission to waive
consent has been granted under the Public Health

Act 2005, with approval provided by all relevant data
custodians. Findings of the proposed research will

be communicated through presentations at national

and international conferences, presentations to key
stakeholders and decision-makers, and publications in
international peer-reviewed journals.

INTRODUCTION

Epilepsy is a chronic neurological disorder
characterised by recurrent unprovoked
seizures with serious effects on neurobio-
logical, cognitive, psychological and social
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Strengths and limitations of this study

» The broad range of health service use and cost
data linked from a variety of sources will allow for
comprehensive and detailed results that can be dis-
aggregated to population groups, syndromes and
severities.

» The data collected will provide an evidence base to
inform future cost-effectiveness studies of epilepsy
treatments.

» The use of hospital admissions data to identify the
cohort of epilepsy patients means that patients
who have not presented to hospital over the data
collection period will be excluded. The analysis will,
therefore, be focused on patients whose epilepsy is
not well controlled, or those who have comorbidities
that result in hospital presentation.

» The linked dataset will not include health service
use or costs incurred outside the hospital system,
including costs associated with pharmaceuticals or
primary care.

functioning.!  Globally, epilepsy affects
1%-2% of the population making it the
most common neurological disorder® with a
burden of disease equivalent to lung cancer
in men and breast cancer in women.” It is
commonly associated with mental health
comorbidities, with around half of adults with
epilepsy experiencing depression,4 a higher
proportion than in any other chronic condi-
tion.” In Australia, it is estimated that there
are more than 250 000 people currently living
with epilepsy.6

Epilepsy places a large burden of health
systems, with hospitalisations for seizures
alone occurring more frequently than those
related to diabetes.” However, the cost of
epilepsy to the Australian health system is
not well understood. There is also a lack of
evidence around how health service utilisa-
tion and costs vary among population groups,
syndromes and severities.
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There is a need for improved access to health services
for patients with epilepsy in Australia and globally. While
pharmacological advances have enabled many patients to
control their epilepsy through antiepileptic drugs (AEDs),
approximately one-third of patients will be refractory to
medications.” While surgical intervention may be effec-
tive for many of these patients, epilepsy surgery remains
heavily underused.’’ ' A number of factors have been
identified as contributing to this treatment gap, including
knowledge gaps among physicians in identifying suitable
candidates for surgery, lack of coordinated patient care,
socioeconomic disparities that impede access to care,
and the cost and complexities involved in the preopera-
tive evaluation.'? As a result, patients with drug-resistant
epilepsy are likely to experience recurrent healthcare
needs and higher associated costs. This cohort has been
estimated to account for 80% of direct and indirect costs
of illness in epilepsy.'?

Detailed information on the health service use and
costs associated with epilepsy is required to inform cost-
effectiveness analyses of epilepsy treatments, where many
knowledge gaps exist. These analyses provide decision
makers with the evidence required to maximise health
benefits from scarce resources. Outcomes on the differ-
ences in health service use in patient subgroups will
also provide important insights into how the health and
economic burden of epilepsy is distributed across society.
This may inform policy decisions that direct resources to
areas of greatest need.

Through this research, we aim to quantify the hospital
and outpatient health service use and costs of patients
with epilepsy; compare differences in health service use
across patient subgroups including indigenous patients,
children, rural/remote patients, and socioeconomically
disadvantaged patients; and explore the associations
between health service use and common comorbid-
ities. This will be the first population-based analysis of
the health service use and cost associated with epilepsy
in the Queensland hospital system. It will build on the
evidence produced in a 2018 study that was conducted in
the neighbouring Australian state of New South Wales.
However, key differences in the population character-
istics of Queensland mean that this study may be able
to provide a more comprehensive understanding of the
nature and magnitude of health service use in Austra-
lia’s Aboriginal and Torres Strait Islander peoples, and
people living in regional and remote areas, where both
groups are relatively highly represented."* The use of
comparison cohorts, as well as the planned regression
analyses to investigate factors associated with resource
use and cost, represent further contributions to the
literature in this field. The evidence produced in this
study may be used to inform healthcare priority setting
and funding allocation. It may also provide information
to support the design and evaluation of health service
models of care and interventions for the identification
and management of epilepsy.

METHODS AND ANALYSIS

Setting and participants

Queensland has a population of approximately 5 million
people, with 36% of the population living outside of
major cities, including 13% in outer regional areas, and
2% in remote or very remote areas.'” The state also has
a relatively high proportion of Aboriginal and/or Torres
Strait Islander peoples. It is known that these population
groups have lower levels of access to health services than
the general population, especially those living in metro-
politan areas.'” These data will, therefore, provide an
opportunity to explore differences in health service use
and costs in under-represented populations.

A data linkage study will be undertaken via the Statis-
tical Services Branch at Queensland Health. The base
cohort will include all Queensland patients admitted
to hospital with a principal or secondary diagnosis of
epilepsy between 1 January 2014 and 31 December 2018
or later, depending on availability of updated datasets at
the time of analysis.

Patients in the base cohort will be identified using Inter-
national Classification of Diseases-10th Revision (ICD-10)
diagnosis codes. ICD codes are applied internationally
as a tool for collecting and analysing national epidemi-
ological data. In Australia, they are routinely collected
on presentation to emergency departments (EDs) and
on admission to hospital. Current epidemiological guide-
lines suggest that a probable diagnosis of epilepsy can be
made if one of the following three conditions is met: one
medical encounter with a 3-digit code of G40.x (epilepsy);
22 medical encounters on separate days coded with G41
(status epilepticus) or with a 4-digit code R56.8 (other and
unspecified convulsions); and a single medical encounter
coded as other and unspecified convulsions (R56.8)
and an AED prescription for three or more months."”
However, coding processes are prone to human error
and it has been recommended that their sensitivity and
specificity is validated in specific populations and settings.
An Australian study validating epilepsy diagnoses against
routinely collected health data found that the highest
positive predictive value (81.4%) came from combining
ICD-10 diagnosis codes and AED prescription data.'® In
the absence of prescription data, the use of ICD-10 diag-
nosis codes of G40 and G41 produced the highest positive
predictive value (71.3%). Negative predictive values were
highly precise (99.9%). Based on these findings, we will
include all patients with at least one admission that has
been assigned an ICD-10 code of G40 or G41 in the base
cohort. A subgroup analysis will adopt the more stringent
criteria of requiring at least two such admissions.

ICD-10 codes will further allow for diagnoses to be
disaggregated to the type of epilepsy, including whether
the epilepsy is controlled or refractory, generalised or
localised, with a known or unknown cause, and with or
without the presence of specific epilepsy syndromes.
The Charlson Comorbidity Index will be used to identify
comorbidities using ICD-10 diagnosis codes from hospital
records. Other common comorbidities in the cohort of
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people with epilepsy will also be identified from ICD-10
diagnosis codes and investigated within the analysis.

Cohort of interest

Two comparison cohorts will also be identified from the
same time period for comparison purposes: (1) A disease-
related cohort of patients admitted with any diagnosis of
a nervous system disease (ICD-10 codes G00-G99); (2) A
comparison cohort to be selected by randomly matching
each index admission with on age, sex, indigenous status
and Accessibility and Remoteness Index of Australia.

Patient and public involvement

Patients and the public were not involved in the research
question, design, conduct, or choice of outcome
measures for the study. The authors have, however,
engaged with peak Australian and Queensland epilepsy
advocacy bodies to assist in engaging with the public and
patients during dissemination activities, and to determine
ongoing research activities arising from the results of data
analysis.

Datasets and variables
Retrospective hospital admissions data will provide
detailed demographic data on each individual in addi-
tion to clinical information. Each individual identified
in the base and comparison cohorts will then be linked
across a number of other administrative datasets to obtain
information on hospital admission costs, ED presenta-
tions, specialist outpatient and allied health occasions of
service, mortality and cause of death. A list of the data
collections to be linked is provided in table 1.

Data variables from all data collections will be sourced
and linked by the Statistical Services Branch, and sent to
the researchers as a single file containing deidentified

individually linked data. Figure 1 outlines the data linkage
process.

Research questions

Specific research questions to be addressed using the

linked dataset include:

» What level and type of health services are used by
people with epilepsy, and what are the costs associated
with these services?

» How does health service use differ between subgroups,
including children, older people, indigenous and
patients in rural/remote communities?

» What are the associations between epilepsy and
common comorbidities, including mental health
conditions and cognitive impairment?

» How does the presence of comorbidities impact on
overall health service use and cost?

» What were the leading causes of death in the cohort?

» What proportion of ED presentations for seizure
translated to an admission?

» What were the hospital outcomes for specific epilepsy
syndromes, including status epilepticus (including
length of stay and 30 day mortality rates)?

» What was the incidence of trauma related events in
this cohort (including motor vehicle accidents and
burns)?

Statistical analysis

All data will be analysed using the statistical software
package R. An initial data cleaning process will be
conducted to separately examine the distribution around
each variable, address any implausible data points and
correct for any structural issues across the datasets, for
example, inconsistent naming conventions.

Table 1 Relevant datasets available to be linked

Data collection Description

Time period

Queensland Hospital Admitted Patient Data
Collection (QHAPDC)

Collects demographic data and clinical information on
all admitted patients separated from both public and

1 January 2014 to 31 December 2018

licensed private hospitals and private day surgeries in

Queensland.

Emergency Department Information System
(EDIS)

Queensland Health Non-Admitted Patient Data Collection of patient-level non-admitted data for
all declared public hospitals. These data include

Collection (QHNAPDC)

Provides data on care and treatment given to patients
in Queensland emergency departments

1 January 2014 to 31 December 2018

1 July 2016 to 31 December 2018*

outpatient activity across hospital-funded specialist,
allied health and other health services.

State National Hospital Cost Data Collection
(NHCDC)
hospitals

Registrar General (RG) Deaths
Queensland.

Coded Cause of Death data (Australian Bureau Cause of death as coded according to ICD-10

of Statistics) classifications

Records hospital costs, revenue and activity-based
funding data at the patient level for Queensland public

Contains information on all deaths registered within

1 January 2014 to 31 December 2018

1 January 2014 to 31 December 2018

1 January 2014 to 31 December 2018

A full list of variables to be requested from each data collection are listed in table 2.

*The Queensland Health Non-Admitted Patient Data Collection is only available for record linkage from 1 July 2016.

ICD-10, International Classification of Diseases-10th Revision.
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Table 2 Data items to be requested

Data collection Variables
Queensland Hospital — Age (5-year grouping)
Admitted Patient Data - Sex

Collection — Indigenous status (flag:

Indigenous/Non-Indigenous)

— Marital status

— Preferred language

— Area of residence

— Socio-economic Index For Areas

— Accessibility and Remoteness
Index of Australia

— Hospital insurance status

— Facility number and location

— Care type

— Source of referral

— Planned same day admission flag

— Elective status

— Funding source

— Length of stay

— Length of stay in Intensive Care
Unit (ICU)

— Standard ward on admission

— Healthcare card

— Date of admission

— Date of separation/discharge

— Mode of separation

— Australian-refined diagnostic-
related group

— Major diagnostic category

— ICD-10 Diagnosis codes

— |ICD-10 procedure codes

Emergency Department — Facility number

Information System — Presentation start and end date
— Length of presentation (minutes)
— Triage category
— Mode of arrival
— Visit type
— Episode end status
— ICD-10 diagnosis codes

Queensland Health Non- — Date of service

Admitted Patient Data — Service provider type
Collection — Service delivery mode
— Care type

— Tier two clinic code

State National Hospital — Direct cost per admission
Cost Data Collection — Overhead cost per admission
— Total cost per admission
— Direct cost per ED presentation
— Overhead cost per ED presentation
— Total cost per ED presentation

Date of death
ICD coded cause of death

Registrar General deaths -

Coded Cause of Death
Data (Australian Bureau of
Statistics)

ED, emergency department; ICD, International Classification of
Diseases.

The level of health service use of people with epilepsy
in Queensland, and costs associated with this, will be
quantified using descriptive statistics including means,
SD and IQRs. These estimates will be disaggregated to the
type of health service use (hospital admission, ED presen-
tation, outpatient appointment) as well as to population
subgroups of interest including age, sex, Aboriginal

and Torres Strait Islander status, rural/remote popula-
tions, and income status (stratified by those without and
without low-income healthcare cards). Estimates will then
be extrapolated to the Australian population using global
burden of disease data on epilepsy prevalence by age and
sex. All costs will be reported using annual estimates over
the period of interest.

Factors associated with health service costs will be anal-
ysed using a Gamma regression model with explanatory
variables including age, sex, indigenous status, rural/
remote status, low-income status as well as relevant clin-
ical confounders including comorbidities. As individual
income information will not be directly available, proxy
measures for low-income status will be adopted including:
whether a patient has access to a healthcare card (a
concession card made available to individuals receiving
specific government income support payments); a
patient’s health insurance status; and the Socio-Economic
Index for Areas variable which describes the relative level
of disadvantage of the area where an individual resides.

The average costs per patient will be quantified by
subpopulation group and divided into quintiles. Logistic
regression will be used to determine the odds of being a
‘high cost patient’ (highest cost quintile) in relation the
various explanatory variables including age, sex, indige-
nous status, rural /remote status, low income status.

A comparative analysis will adopt two comparison
groups with the aim of estimating the additional health
service use and costs of epilepsy relative to other cohorts.
The first comparison group will be a disease related
cohort of patients admitted with any diagnosis of a
nervous system disease. The second comparison group
will include admissions randomly matched to the epilepsy
sample by age, sex, indigenous status and remoteness of
location. Linear, gamma and Poisson regression models
will be used to estimate differences between epilepsy and
comparison groups.

All costing data will be adjusted to reflect the year of
publication using the Australian Consumer Price Inflation
index, produced by the Australian Bureau of Statistics."’

Limitations

The use of hospital admissions data to identify the cohort
of epilepsy patients will mean that not all patients are
included. Specifically, healthy patients who have been
successfully managing their condition in the community
without being admitted to hospital are unlikely to be
included in our sample. Patients with limited access to
health services may also be excluded. Additional limita-
tions of using administrative data are that accuracy of
diagnostic data cannot be verified and that detailed
clinical information and nuance is unavailable. Record
linkage is often not 100% accurate, and there is a chance
that not all individuals within the base dataset will be able
to be linked across the other datasets, even where a true
link exists. Record linkage also has the potential to make
false-positive links.
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Figure 1 Data linkage process.

Within Australia, hospital care is the responsibility of
state governments while primary care and pharmaceutical
access are the responsibility of the national government.
This has resulted in separate administrative and funding
mechanisms, and fragmented datasets that are not readily
available to be linked. Our dataset, therefore, does not
include costs of primary care or pharmaceutical costs that
are funded under national government schemes. Our
analysis will, therefore, not be able to comprehensively
quantify the health service use and cost of epilepsy in
absolute terms. Rather, it will focus on the hospital setting
and on the patients whose epilepsy is not well controlled,
and in turn consuming a relatively large proportion of
health system resources. Future studies are required to
better understand the costs of epilepsy within primary
and community care settings.

ETHICS AND DISSEMINATION

Ethics approvals

Low risk ethical approval has been obtained through
the QUT University Human Research Ethics Committee
(UHREC) (1900000333). Permission to waive consent
has been sought and granted from Queensland Health
under the Public Health Act 2005, with small cell counts
to be supressed so that no identifiable (or potentially
reidentifiable) patient information will be provided to
the researchers. Signatures from all relevant data custo-
dians on the PHA application have be obtained, with the
final application submitted to the Health Innovation,

Investment and Research Office (HIIRO) for the Director
General’s final approval prior to the linkage process
commencing.

Data management

Approved data provided by data custodians will be sent
securely toresearchers, and then held on secure electronic
servers at QUT, available only to approved researchers
within the study. Any hardware provided by data custo-
dians (for example, datasets provided on compact disks
(CDs)) will be kept in locked filing cabinets in a secure
building at the university, available only to approved
researchers within the study. All data will be managed
in accordance with the QUT retention of records policy,
with deidentified information collected on participants to
be retained in a database in secure QUT folder, or stored
in a locked cabinet, for 5 years following the last publica-
tion. After the required retention period has lapsed, elec-
tronic records will be deleted from the secure server, and
any associate hardware (USBs, CDs, etc) will be wiped.

Dissemination

Findings of the proposed research will be communi-
cated through presentations at national and interna-
tional conferences, presentations to key stakeholders and
decision-makers, and publications in international peer-
reviewed journals

Contributors HC, RT and SD conceived of and designed the study. HC and RB
developed the data analysis plan. HC and RT led the principal drafting of the
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