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Abstract

This paper describes the development of a com-
puter simulation of the interactions between the
acute and aged care systems in Australia, using
system dynamics modeling enhanced by agent-
based techniques. National and regional simula-
tions will be developed, enabling the impact of a
variety of policy scenarios to be forecast over the
next 10 years. The paper includes a description of
the relevant policy environment and some of the
associated key policy issues.
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THE INTERACTION OF the acute and aged care
systems is a contemporary issue for health plan-
ners, administrators and clinicians.! Persons
awaiting residential care placement and frail older
people admitted from residential care facilities or
from the community, with seemingly “minor”
medical or “social” problems, are perceived to
reduce capacity and to contribute to “access
block” in acute care hospitals.? A recent Austral-
ian study concluded that up to 20% of bed-days
utilised by older patients in acute care public
hospital beds are non-acute — the largest single
proportion utilised awaiting permanent residen-
tial care.®> These groups have become a target of
policymakers and health administrators, suggest-
ing the need for methods to analyse the impact of
various policy options.

The policy context

Australia’s population structure is ageing. Over
the next 20 vyears, it is anticipated that the
number of older people (65+) will increase by
about 2 million and that the proportion of the
total population that is aged 65 years and over
will increase by 92%, from 13% in 2004 to 20%
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What is known about the topic?

Computer simulations offer an inexpensive, low risk
method to test the impact of policy options in health
care.

What does this paper add?

The paper describes a combined method of two
simulation techniques to test policy scenarios at the
acute—aged care system interface in the Australian
context.

What are the implications for practitioners?

The simulation model described in this paper
provides a method of conducting policy
experiments at low risk and low cost with instant
results. While the outcomes will not necessarily be
precise, the development process and interactions
with stakeholders are likely to raise the quality of the
debate on the acute—aged interface. *
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in 2024.% Increasing age is associated with higher
rates of disability and service utilisation within
the acute and aged care sectors.”® For example,
hospital separation rates in 2001-02 in Australia
were 876 per 1000 for the population aged 65
years and older compared with 251 per 1000 for
the population aged less than 65 years.’

The provision of aged care in Australia
Aged care generally refers to a range of services
which address the needs of those older people
with chronic illness and disability who are contin-
uously in need of help from others for basic day-
to-day activities. Services include residential,
community and hospital services.

In Australia, long-term residential care for older
persons is provided in government-licensed sub-
sidised facilities. In 1986, following a period of
unrestrained growth, the government moved to
control provision of these services, based on the
observation that many people were living in
nursing homes who could be provided with
suitable care in alternative, less intensive care
environments, or the community. Planning ratios
of 40 nursing home places (beds) per 1000
population aged 70 years and older (per 1000
70+) (compared with the then provision of 67 per
1000 70+) and hostel places of 60 per 1000 70+
(compared with 33 per 1000 70+) were estab-
lished.” At the same time, a sustained commit-
ment to accelerated investment in community
care through the Home and Community Care
program commenced.

A national Aged Care Assessment Program was
established in 1984. Regional services fulfil the
dual roles of advisers to frail elderly people and
their carers, and gatekeepers to expensive pro-
grams including residential care and Community
Aged Care Packages (CAPs). Subsequently, the
relative provision of residential aged care places
declined progressively (although the absolute
number of places increased), primarily as a result
of aged population growth, to the 2004 levels of
84.2 per 1000 70+.8 In 1992, a process of
substitution of hostel places with CAPs com-
menced, in which funding about equivalent to
the average cost of care in hostel settings was
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made available to provide individualised care in
the community.® The provision of these places
became incorporated into the overall residential
care planning framework, which in its most
recent iteration prescribed 40 nursing home, 48
hostel and 20 CAPs per 1000 70+.%

In 1997 a raft of reforms underpinned by the
Aged Care Act 1997 (Cwlth) included a consoli-
dated casemix system for nursing homes and
hostels, in which funding was based on annually
assessed care requirements regardless of the style
of facility. The terms nursing home and hostel
were replaced by “high” and “low” care. Low-care
facilities (hostels) were able to provide ongoing
care in many cases where the residents care
requirements exceeded those traditionally offered
at that level. This “ageing in place” resulted in a
growing proportion of low-care facility residents
being classified as “high care”, most recently
reported at 65.6% of all residents.®

Because of vast historical variation in supply of
residential places at a regional level before 1986,
there remains considerable disparity today.” For
example, in 2001 provision of high-care places
ranged from 25 to 88 places per 1000 70+ among
regions.

Community care, other than that provided in
the form of CAPs, is provided through a variety of
programs, the largest of which is the Home and
Community Care program (HACC). The pre-
scriptive planning arrangements for residential
care are notably absent in this and related pro-
grams. The HACC program is jointly funded on a
60 : 40 basis,'® with the larger federal allocation
dependent on the state contribution, and an
upper limit set by the Australian Government.
Not all states take up the full federal offer.
Distribution of resources at a regional level vary
considerably and in most states do not follow a
strict formula. The overall effect is that there is
wide variation in the distribution of community-
care resources among regions.'!

Acute care and associated subacute programs
are administered by state governments. Hospital
facilities provide general acute medical services,
and specific geriatric assessment and rehabilita-
tion programs. Acute care hospitals are relevant to
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the recipients of the residential and community

aged care programs as:

m Acute care hospitals are often the entry point to
aged care services, when acute illness is associ-
ated with newly acquired permanent disability
(eg, stroke and fractured hip).*?

m The majority of residential care entrants at the
high-care level are admitted from hospitals.'>!?
These individuals usually await a permanent
place for care in an acute care setting.

m When recipients of community or residential
care services become ill, they often require
admission to acute care hospitals. Management
of the acute illness is complicated by the pre-
existing chronic illnesses and disability.

B Recovery from disabling acute illnesses often
draws on the resources of geriatric assessment
and rehabilitation units.

Throughout the 1990s, hospital bed provision
progressively declined in absolute terms by
around 3% per annum.'* The provision of inpa-
tient specialist geriatric hospital programs varies
widely among state and regional jurisdictions.” In
2001, the provision of dedicated geriatric assess-
ment and rehabilitation beds varied from 3.01
beds per 1000 70+ in Western Australia to 0.48
per 1000 70+ in Tasmania. Many large hospitals
or health regions do not offer such services in any
form.

In 2001-02, persons aged 75 years and older
constituted 18% of admissions to hospitals in
Australia, and utilised 31% of available bed-
days.” Over the decade to 2002, the rate of
admissions among this group increased by 42%
compared with declines of 2% and 4% in the <65
years and 65-74 years age groups, respectively.
However, the proportion of beds utilised by the
75+ population remained stable, primarily due to
substantial reductions in length of stay.

A large proportion of recommendations to
nursing home (or high-level residential) care are
made in the context of an acute hospital admis-
sion, whereas the majority of applications to low
care are made by individuals located in their
“usual” domiciliary setting.!?> A cross-sectional
study of bed occupancy conducted in April 2002
demonstrated that 1926 of 16104 overnight
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inpatients aged 65 years and older in Australian
public hospital beds (12%) were considered by
treating staff to be more appropriately cared for in
a residential aged care facility.® Of these, 1306
were reported to have a current active ACAT
recommendation for residential care, of which the
majority were for high care. The study concluded
that up to 20% of elderly overnight patients in
acute care hospitals were not receiving the form
of care that best met their care needs.

In 2004, the federal Minister for Ageing
announced the establishment of “up to 2000
transition care places over the next three years to
help older people after a stay in hospital.”?> These
places are designed to support people upon dis-
charge from acute care hospitals who are on the
threshold of requiring permanent residential care.
If successful, the program will provide a more
“appropriate” rehabilitative setting than hospital
and will, if successful, ultimately allow some frail
older people to return to live in the community.
This initiative might reduce the pressure on the
hospital system by decreasing the number of
elderly people waiting in an acute care hospital
setting for a bed in a residential care facility. It
might also reduce the demand for residential care
beds by delaying or altogether avoiding some
admissions.

In summary, the relative provision of hospital
and residential care places has declined over the
past decade or more, whereas the investment in
community care has increased in excess of infla-
tion. In the late 1990s, acute care hospital “access
block” emerged as a critical issue, and a potential
solution is perceived to be to reduce the number
of frail older people using hospital beds, particu-
larly those awaiting a permanent place in residen-
tial care.

Issues at the interface

There are several key stakeholder groups that hold
different perspectives. Older people are likely to
desire prompt access to acute hospital care when
they are ill and, when a decision to seek permanent
residential care is required, to wait in a setting
where suitable care is available and where suffi-
cient time is available to make an informed choice
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of a residential care facility Hospital administra-
tors, in the face of demand pressures, seek to
minimise the number of “non-acute” patients in
their care, particularly if reimbursement is based
on episodes of care (eg, diagnosis related groups).
Similarly, state governments, which administer
hospitals in Australia, seek to ensure that the
demand for hospital beds by the elderly is mini-
mised — ultimately to constrain costs, but also, in
the short term, to avoid political damage from
emergency access block and burgeoning elective
surgical waiting lists.

Aged care providers operate with tight budgets,
workforce pressures and limited availability of
skilled health professionals (eg, nurses in low care
facilities, medical staff after hours). Consequently,
the threshold for transfer to acute care settings
when residents become ill may be falling. The
federal government is responsible for residential
care facilities, and seeks to constrain costs by
capping places and subsidies. State and federal
governments share responsibility for community
care. Investment in community care may be
driven by a variety of influences, including a view
that greater investment reduces demand on insti-
tutional care, which in turn may drive down
overall aged care outlays.

The next section of the paper describes the use
of computer systems simulation to test a variety of
actual and potential policy initiatives related to
interactions between the acute and aged care
systems.

Systems simulation

Health systems simulation is the application of
computer simulation to explore, understand and
improve the interaction between structure and
action in health care and policy. Computer simu-
lation is now a mature and powerful tool for
modeling the health system to test how different
factors may improve efficiency, effectiveness and
equity in situations where it is not possible to
conduct real-world experiments (such as expand-
ing the number of residential care places). Impor-
tant advantages are low cost and low risk. Real
world experiments can be extremely expensive
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and irreversible for decades, because they often
require significant capital investment and work-
force realignment.

After 50 years of learning how to apply compu-
ter simulation to help solve complex real world
problems, the techniques are now powerful and
flexible enough to provide a comprehensive inte-
grating framework for tackling “messy” or com-
plicated real-world health system problems. The
decision sciences and systems engineering disci-
plines have addressed such problems in other
areas by increasingly turning to modeling and
computer simulation. Their use has accelerated
over the past decade, with the advent of powerful
desktop PCs and software with user-friendly
interfaces which have dramatically reduced the
time needed to build models to weeks, and
simulation runs to seconds. This has resulted in
wider use and popularisation beyond the tradi-
tional quantitative modeling community.'®

Whole system approaches using computer sim-
ulation originated as quantitative system dynam-
ics, and are now being extended using multi-
level, multi-method approaches that depict indi-
vidual, sectoral and system behaviours and inter-
actions over both time and space. System
dynamics modeling was developed by Forrester
in 1956 as “a way of combining personal experi-
ence with computer simulation to yield a better
understanding of social systems, combining tradi-
tional management, feedback theory and compu-
ter simulation.”!”

System dynamics usually develops a high level
aggregate view of the “forest” of relevant stocks,
flows and feedback interactions that are relevant
to the system problem of interest. The simula-
tion plays out the overall pattern of system
behaviour over time by solving difference equa-
tions, including non-linear effects. Agent-based
approaches focus on the “trees” — the interac-
tions of individuals with each other and the
environment. They handle distributional and
subgroup effects well, but the system-level
behaviour is less clear since it “emerges” from
the lower levels of interaction.

In the current project we plan a blended
approach which employs system dynamics and
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Schematic representation of the simulation development process

Model
formulation
and simulation

Qualitative
reflection

agent-based simulation, made possible through
the existence of a single commercial software
package called “AnyLogic” (X]J Technologies, St.
Petersburg, Russian Federation). This object-
oriented Java-based software can integrate mul-
tiple simulation methods (including discrete
event), support multiple levels of aggregation
and interact with users through web browsers
using advanced animations of distribution over
space and time. This joint methodology has
been successfully employed by one of the
authors (GM) and his colleagues in commercial
engineering and health care projects in Aus-
tralia. (see www.anysims.com and www.health-
sims.com.au)

The approach involves a sequence of activities
to build and test the model, before applying the
desired policy questions (Box).
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Simulation

policy and

interaction
experiments

Simulation
testing and
evaluation

Qualitative reflection

This stage consists of identifying and defining the
problem as a series of key questions, and concep-
tualising the subsequent model needed to answer
these key questions. In complex problems the key
questions may be refined progressively as the
project proceeds, and a deeper understanding
emerges during subsequent analysis. Typical pol-
icy questions about the future are: What are
current and future challenges? What are the key
policy levers? What are the key measures of
performance? What are the probable alternative
futures?

Model formulation and simulation

Initially an aggregated top-down view is adopted
using system dynamics methods, then bottom up
agent-based approaches if required for more
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detailed conceptualisation, or if specific detailed
datasets are available. This combination of multi-
level, multi-method approaches is possible due to
the object architecture of the simulation soft-
ware. '8

The top-down methods involve mapping the
context using stocks and flows of key items of
interest in a system using a process view, together
with the relevant connecting information feed-
backs and delays. This produces a graphical,
logical structure (wiring) diagram. The mathe-
matical relationships among each of the compo-
nents in the logical structure are added or
estimated from available data or best opinion.
The behaviour of the system over time is then
displayed graphically by the computer simulation
engine solving a set of difference equations, using
integration approximation and other numerical
analysis techniques.

Technically, the agent-based simulation uses
mainstream software object-oriented design
methods to define and describe the detail of
classes of interest and related functions, standard
unified modeling language (UML) statecharts to
describe their dynamic behaviour, and timers and
messaging to specify coordination and interac-
tion. The authors’ current practice is to first
develop a traditional system dynamics model
using “ithink” software (isee systems, inc., Leba-
non, NH, USA). Subsequently, this model is
tranferred to AnyLlogic as sector objects and,
where required, some sectors are elaborated as
interacting agents.

Simulation testing and evaluation

The simulation model is evaluated by assessing
whether it is fit for its intended purpose. During
this phase the model is progressively refined over
multiple iterations with domain experts although
review of the model and modification can occur
at any stage of model development. Differences
between the predicted and observed historical
behaviours are detected and reconciled. Sterman
states that: “The real test is whether the model
helps make better decisions. Therefore we must
assess the overall suitability of the model for its
purpose, its conformance to fundamental formu-
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lation principles, the sensitivity of results to
uncertainty in assumptions, and the integrity of
the modelling process.”'® A series of questions are
posed which address conceptual validity (can the
model answer the questions asked?), structural
and behavioural verification, simulation verifica-
tion and the pragmatics and politics of model use.

Simulation policy and interaction
experiments

Policy design ranges from changing parameter
values to creating entirely new strategies, struc-
tures and decision rules. These include changing
time delays and the flow and quality of informa-
tion available at key decision points, or funda-
mentally re-inventing the decision processes of
the actors in the system.?°

The policy design approach in service indus-
tries involves representing the common service
demand patterns: describing how information
about demand and capacity are used, how
resourcing goals and staffing levels are set and
how discrepancies between goals and actuals are
corrected.

The computer simulation is presented to users
in the style of a “flight simulator”, with a variety of
dials and levers available for manipulation to
modify the context of the experiment or to pre-
scribe policy interventions. It can be made avail-
able on a PC platform or as a web-based
application.

There are several approaches to deploying sim-
ulations in policy experiments. They can be used
as a single-user simulation or as computer simu-
lation games with multiple players locally or
across the Internet. They can also be converted
into board games, with players rotating through
different decision-making roles to enhance group
learning. Computer and board-game simulation
participants can be subjected to controlled exper-
iments to observe why they make specific deci-
sions in simulated conditions.

Evaluating performance of the system

In designing the model, we have selected a set of
key performance indicators (KPI) against which
to assess the “performance” of the acute and aged
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care systems at the interface. The primary KPI is
the number of people awaiting permanent resi-
dential care in an acute care hospital setting. This
phenomenon is considered to best reflect align-
ment of interactions between the sectors, as it is
placed at an interface where there is a constant
flow of individuals between the systems. Other
important KPIs include:

m the average waiting time to placement from
acute care;

m the number of people waiting for residential
care placement in the community;

m the number of high-care residents in low-care
settings (reflecting a mismatch of supply and
demand of high-care places); and

m the total system cost (acute and aged care
systems).

The policy scenarios
A series of policy scenarios have been compiled to
be submitted to the simulation. They have been
refined through a series of workshops of the
project investigators and their colleagues and will
be presented to a wide range of stakeholders for
comment and refinement in the course of the
project.

The model will be used to assess a variety of
scenarios, and the impact will be observed over a
10-year time frame to 2016, although the simula-
tion can be run over any time period. The
scenarios are:

1. No change from the current policy framework.
Current planning ratios for residential places
are preserved. Investment in community care
continues in line with increases over the past
10 years.

2. The provision of high-care places is increased.
This scenario represents a direct attempt to
reduce unmet demand by increasing available
places for those individuals most likely to be
awaiting residential care in hospital.

3. Transition (or interim) care places are increased
to house queues of people awaiting residential
care.

4. The provision of community places is increased
(for example, by expanding the CAP program)
in an attempt to reduce demand for perma-
nent residential care.
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5. The provision of subacute-care places is
increased. This intervention represents an
attempt to attenuate demand for permanent
residential care. Of all of the available inter-
ventions, geriatric assessment and rehabilita-
tion units probably are associated with the
strongest evidence base to influence out-
comes.*!

6. Investment in effective preventive strategies is
increased. The prevention of the major ill-
nesses and disabilities that drive the demand
for residential care results in either deferral of
morbidity with increased life expectancy, or
compression of morbidity without life exten-
sion.

Two models will be constructed. A national
model will provide a broad perspective to assist in
scrutiny of the wider policy framework, whereas a
regional model will assist local planners to exam-
ine policy options in a more local context. The
latter will enable detailing, with actual resource
stocks available in the region built into the model.

As the simulation is constructed it will be pre-
sented to an increasingly wider audience, through
live presentations and a web-based version. Ulti-
mately, the computer model will be presented as a
“policy flight simulator” where users can test their
own policy adjustments, load their own data and
explore the impacts of possible scenarios.

Conclusion
The interactions between the acute and aged care
systems are complex, involving people of differ-
ent backgrounds and disciplines with different
views of the world. Systems simulation integrates
these views in a logical, consistent way to build
consensus and participation as groups in asking
“what-if” questions about this complex world.
Dynamic systems simulation provides a
method of conducting policy experiments at low
risk and cost with instant results. While the
outcomes will not necessarily be precise, the
development process and interactions with stake-
holders, with the opportunity for users to con-
duct their own experiments, are likely to raise the
quality of the debate around futures for the
acute—aged care system.
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