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Summary
Objectives::::: To conduct a basic sustainability analysis of health
systems, and explore models for conceptualising and creating sus-
tainable organizations, based upon the experiences of the environ-
mental sciences and organisational theory. To explore the role of
information technologies in assisting health organizations become
sustainable enterprises.
Methods:::::  A review of recent literature into sustainable systems and an
analysis and extension of the literature to the specific case of healthcare.
Results: Many if not all health systems around the globe face dual
challenges of increasing demands and diminishing resources, which
are ultimately unsustainable. Four physical system conditions which
are pre-requisites for sustainability of systems – that materials
should not be extracted, accumulate or be depleted faster than they
can be managed, and that systems should fundamentally meet
human needs apply equally to healthcare. For healthcare, in addi-
tion to physical material and energy, resources include people, and
data, information and knowledge. Further, healthcare is an open
system that needs to be sufficiently adaptive to changes if it is to
sustain. Information and communication technologies are crucial
tools to enable any large and complex modern enterprise to model,
measure and then manage business processes. Technologies like
organisational simulation, the electronic health record, and decision
support are essential tools for sustainable health services. Applied
inappropriately however, IT can itself create unsustainable condi-
tions, for example through the accumulation of legacy systems, a
situation that adherence to technical standards should mitigate.
Conclusions: It is crucial that our nations undertake a formal
sustainability analysis of their health systems, to identify where the
most pressing challenges are. In concert, there needs to be a long
term process of exploring innovative designs for health services that
improve the sustainability of the system as a whole, and there needs
to be a will to implement the health system policies, infrastructure
and services to ensure that in 20 years time we do have a healthy
health system.
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Introduction

Sustainable organizations are ones that

last. They have a clear purpose and they

consistently f ind ways to maintain that

purpose despite signif icant changes to

the world around them. Looking for-

ward 20 years one would hope that our

health systems around the world have

indeed lasted, and we might even opti-

mistically hope that they have found a

way to thrive. Yet the current challenges

these health systems face, with reduc-

ing resources and increasing demands,

paint a picture that suggests that our

current health systems will struggle to

meet their goals in 20 years time.

According to the World Business Coun-

cil for Sustainable Development

(WBCSD) ‘nearly everyone agrees that

the way we manage health today is un-

sustainable – it costs more than we can

afford, and delivers less than we ex-

pect’ [1]. Yet by 2020, the health sys-

tem will have to treat proportionately

more people, with more illness, higher

expectations, often using more expen-

sive technologies, and using relatively

fewer tax dollars and workers. Given

that commentators today are alarmed

at the present strains on the health sys-

tem, we have to assume that by 2020,

the healthcare system in most nations

will thus either have somehow substan-

tially transformed, or failed. If the

healthcare system is to flourish in the

coming setting of uncertain resources

and increased demand, then it will have

done so because we have explicitly de-

signed and implemented new systems

that are fundamentally sustainable.

Given the likely enormity of that task,

it may require nothing less than the re-

invention of healthcare to create such a

sustainable future [2]. The fundamen-

tal question we face therefore is – what

form of health system can we envisage

which is sustainable in the long run,

and how do we set about building it?

This paper is not a detailed introduc-

tion to sustainability theory or meth-

ods, which is signif icantly richer and

more complex than the simple models

presented here. It aims to provide a bet-

ter understanding of the issues we all

need to be aware of as we work towards

establishing a sustainable health system,

and making the best possible use of in-

formation and communication tech-

nologies. This paper borrows heavily

and unapologetically from the many

decades of thinking that has already

gone into understanding sustainability,

both from the environmental sciences

and organizational theory. Its aim is to

test whether these ideas and models of

organizational sustainability can help us

in shaping the health care system over

the next 20 years.

Major Trends, Challenges
and Future Shaping Forces
Sustainable organization research is an

evolving discipline, but already has

identif ied some key attributes of

‘sustainability’: [3]
• To survive in the long run, organi-

zations need to have suff icient re-
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sources to meet their objectives, and
any organization that presides over
a degradation of their resource base,
or consumes non-renewable re-
sources, will eventually fail.

• Sustainable organizations are able
to adapt to their changing environ-
ment, and do so at a rate that is faster
than the rate of change in their sur-
rounding context. An inability to
cope with rapid systemic change
will mean that an organization ends
up being overwhelmed by the de-
mands made of it.

The WBCSD has adopted three pillars,

economic growth, ecological balance

and social progress to guide sustainable

activities[4]. Boxer argues that all busi-

ness leaders need to promote and adopt

a sustainable way of operating to

achieve organisational survival [5]. He

argues that a sustainable way of opera-

tion requires paying equal respect to the

demands of society, the environment

and f inancial needs. A simple model

for visualising whether an organization

has a sustainability problem is the ‘fun-

nel’ diagram, which plots consumption

of resources against resource availabil-

ity (Figure 1). In real systems, a grow-

ing gap between resource supply and

demand cannot be sustained for long,

and corrections must be made to bring

supply and demand into balance. Sus-

tainable organizations have developed

strategies that f ine tune and maintain

this balance in ways that avoid the need

for periodic, reactionary, large and usu-

ally painful structural adjustments, or

even collapse.

How might our health system stand up

to such a sustainability analysis? It is

clear different nations face different

challenges, because of their specif ic

local situations, but there is much to

learn from the experience of other coun-

tries in the quest for sustainable health

care models, both good and bad [6].

As one example, and in common with

most developed nations, Australia’s

health system is struggling to control

costs. Health care consumes 9.7% of

national GDP, and is projected to in-

crease to over 11% by 2021. Overall

inflation ran at 2.2% per year over the

last decade, but health inflation aver-

aged 3.1% each year.  Between 1993-

94 and 2003-04, expenditure on health

by Australians grew 4.6% [7]. We are

thus facing the 21st century equivalent

of the 19 th century’s agrarian Malthu-

sian challenge of working with f ixed

or diminishing resources to service in-

creasing demands. For the health sys-

tem, these increasing demands can be

summarised into four specif ic chal-

lenges:

Technology driven demand challenges:

Almost two thirds of the growth in

health costs comes from consumer de-

mand for new technology and treat-

ments [8]. Consumers expect newer,

usually more expensive, diagnostic pro-

cedures and medications once they be-

come available. However there is often

no economic case to adopt these inno-

vations over more cost-effective and

proven options. There is increasing evi-

dence that poor decision-making leads

to the overuse of inappropriate or

wasteful health care interventions, and

the under-utilisation of cost-effective

interventions, with a significant national

opportunity cost. One study estimates

that only 21% of health technologies

in use are supported by controlled re-

search evidence [9].

Demographic driven demand chal-

lenges: Health expenditure rises sharply

with advancing age, accounting for a

third of health cost growth. The popu-

lation aged 65+ years is projected to

double in the next 20 years. Average

health expenditure in 2003 was $1,807

for those under 65 years, $5,506 for

those 65-75 years and $15,690 for those

aged 85+ years. People aged 65+ years

make up 13% of the population, yet

account for 38% of health costs. Aus-

tralians aged 65 years consult GPs more

frequently, and have a higher rate of

chronic conditions, consultations and

prescriptions per visit [10].

Workforce Capacity and Funding Chal-

lenges: The resources needed to meet

increased demands will decrease when

they are needed most. As the popula-

tion ages, fewer Australians will be of

working age and contributing tax dol-

lars to support government services.

The health system currently faces sig-

nificant workforce shortages, with av-

erage vacancy rates of 10% and the rate

of increase in the health workforce is

not keeping pace with the general

workforce [10]. The health workforce,

per capita one of the larger in the de-

veloped world, is growing by around

17,000 per year. By 2020 this will be

12,500 and for the decade 2020-2030,

growth will be less than for a current

single year.

Quality and Safety Challenges: Demand

grows for increased quality of health

services as avoidable errors are now

recognised as a major cause of illness

and death [11]. 17% of hospital admis-

sions in Australia are associated with

an adverse event; 51% may be prevent-

able, 13.7% result in permanent dis-

ability, 4.9% in death. The cost in ad-

ditional bed-days alone is estimated at

5% of the annual $66 billion health

budget. Lack of information, poor com-

munication processes, lack of stan-

dardised procedures, cognitive overload

and a reliance on memory can all con-

tribute to errors [12]. Workforce short-

ages exacerbate the situation as indi-

viduals have higher workloads and

fewer resources.

Using these four challenges, it is clear

that the trajectory of this health sys-

tem, with decreasing resources and in-

creasing demands, is fundamentally not

sustainable (Figure 1).
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The Conditions for
Sustainability
How do we find a way out of this? Sus-

tainability experts sometimes ‘backcast’

from a hypothesised sustainable model

of the future back to the present day, to

identify the steps we need to take now

to get where we want to be then. How-

ever, agreeing on many of the features

of a sustainable future nirvana can be a

challenge. One of the strong lessons

from those working in the field of en-

vironmental sustainability is that con-

sensus on details is often hard or im-

possible to achieve. Experts may

quibble on just how much of a toxin in

the environment is ‘dangerous’ or how

much mobile phone radiation causes

harm. However, all the experts will

probably agree to a general principle,

such as “the unchecked accumulation

of a toxin in the environment is unsus-

tainable”. In other words, while we may

not be able to agree on the concentra-

tion that’s harmful, if we don’t check

the growth in the toxin’s concentration,

we can all agree that harm will occur

at some time in the future.

Equally, we in healthcare might argue

about how long a surgical waiting list

is acceptable, how economically disad-

vantaged you need to be before health

care is subsidised or how much of the

health care spend should or will go to

the private sector. However, there must

be a set of principles upon which we

all can agree must underpin any sus-

tainable health system. So, before we

agree on the design of our future health

system, we need to agree on some

sustainability ‘design principles’ that de-

scribe what we want that system to do.

One of the leading think tanks on

organisational sustainability, from an

environmental perspective, is the Natu-

ral Step. Natural step thinkers have

postulated four system conditions (Table

1), which they believe are fundamen-

tal principles for environmental sustain-

ability, and which if adhered to, result

in human enterprises that are flexible

enough to respond to the unseen chal-

lenges that come to them, and are leaner

and more effective as a result.

These system conditions arise out of

thinking about sustainability from a

material flow point of view, and seeing

the issue of sustainability as one of en-

vironmental degradation. Healthcare is

an enterprise that manifestly consumes

physical resources, and any analysis of

the sustainability of healthcare must

explore how effective and efficient our

enterprises are in using what we take

from the world and what we put back

into it. There are many case studies from

the private sector which already show

the enormous cost savings that can be

made by transforming resource hungry

and ‘dirty’ businesses into ones that are

resource frugal and clean.  Healthcare,

simply on this basis alone, probably

fails organisational sustainability analy-

sis today, and would do well to focus

on the way it uses physical resources,

on what it wastes and fails to use effec-

tively.

However, the healthcare system, per-

haps the largest and most complex of

all the organisational systems we have

created, needs to be analysed in broader

terms than its impact upon the physical

Fig. 1  The sustainability funnel – when resource availability and utilization diverge we have a sustainability gap (Source: The Natural Step). The
current trajectory of many health systems is by this analysis unsustainable.

Table 1   The Natural Step sustainability conditions

Ecosystem functions and processes are altered when:

1. Society mines and disperses materials at a faster rate than they are re-deposited back into the Earth (examples include oil, coal and
metals);

2. Society produces substances faster than they can be broken down by natural processes, if they can be broken down at all (examples
of such substances include dioxins, DDT and PCBs); and,

3. Society depletes or degrades resources at a faster rate than they are replenished (for example, over-harvesting trees or fish).
4. Further, social and economic dynamics fundamentally drive the actions that lead to ecosystem changes.

These four sustainability “conditions” articulate how, in a sustainable society, nature is not subject to systematically
increasing:

1. concentrations of substances extracted from the earth’s crust;
2. concentrations of substances produced by society;
3. degradation by physical means, and
4. human needs are met worldwide.
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environment alone. Specif ically, the

stocks and flows through the system are

not just physical resources, but also in-

clude capital, trained staff, patients,

data, clinical knowledge and so forth.

An examination of the sustainability of

the health system must look at all the

significant system flows needed to keep

the system ticking over, not just raw

physical material and energy flows.

The four system conditions in Table 1

are examples of simple principles that

naturally fall out of an understanding

of how all physical systems work. These

system conditions may be recast to help

articulate which system conditions

predicate healthcare sustainability, us-

ing a more general systems language:
1 . Healthcare is an ‘open’ system. Let

us first recognise that healthcare is
not delivered in isolation, but that
the system of healthcare sits within
a broader world that provides it the
human, material and informational
resources it needs to function, the
patients it cares for, and back into
which it puts the results of its work.
Consequently some sustainability
challenges will only be solved out-
side the borders of the health sys-
tem in its strictest def inition. For
example, cost-shifting might occur
between state and federal govern-
ments, or public and private care
organizations, as a result of the par-
ticular governance model chosen by
a nation, and is not strictly a spe-
cific attribute of the health system.
Changes in consumer lifestyles
leading to increased burden of dis-
ease are also not in the direct con-
trol of the health system, although
it has some ability to effect change
in the broader community. Failure
to understand that health care is
embedded in a wider system can
thus lead to over-optimisation of
parts of a health care system, when
the investment in systems improve-
ment would be better spent exter-
nally. It can also lead to under-
optimisation of our systems because

we have made assumptions about
the resources or conditions that will
be available to health care, but ex-
ternal forces beyond our control
render our systems ineffectual.

2 . Resources should not be lost to the
system. Training nurses, only to
have them leave the system prema-
turely is a ‘loss’ to the system. Con-
tinually reducing the level of fund-
ing for a given service without
making other changes to compen-
sate is also an ultimately unsustain-
able strategy, whatever the cost con-
trol motivation.

3 . There should not be accumulating
costs in the system. Increasing num-
bers of chronically ill people, sup-
ported by but not ‘cured’ by the
health system, may eventually con-
sume all of the system’s resources.
Equally, accumulating new manage-
ment reporting procedures in a sys-
tem will eventually swamp the re-
sources available for other purposes.

4 . The system is sufficiently adaptive:
The two previous principles are
‘static’ and we can bring in a fur-
ther dynamic one that states that
when there are changes to either the
inputs or outputs of our system,
then the system’s ability to adapt to
the change must be sufficiently fast
so that over time we do not get ac-
cumulation or loss, for example
from over or undershooting perfor-
mance targets by mistimed correc-
tive actions.

5 . Care for people: A system should
meet the needs of all, and by corol-
lary not do harm unto others. People
are a key resource for the delivery
of health care, and a system that fails
people will eventually harm itself.
For example, a distressed health
service which loses clinical work-
force faster than they can be replen-
ished will fail. If the quality of
healthcare is poor for those on lower
incomes, then the ability of the com-
munity to actively participate in the
workforce is ultimately diminished,
reducing the size of crucial inputs
to the health system, a nation’s

workforce and the tax contributions
and earnings of that workforce.

Analysis of Options for
Future Directions
There is a growing literature on how

one designs complex organizations that

are sustainable, and health care

organisational sustainability is begin-

ning to gain attention [13-17],with

many voices asking if the current dis-

tribution of, access to, and usage of

health resources is either equitable or

sustainable. Some authors have focused

on the challenges of public and primary

health care [18-20], with their main

concern being the continued ability to

deliver an appropriate level of benefits

after major financial and technical do-

nor assistance has been terminated.

Sustainability arises out of good sys-

tem design. Basic to an understanding

of all sustainability models is the simple

idea of feedback - what goes out of the

system is not lost to it, but fed back in.

By feeding back ‘waste’ we meet our

principle of not losing resources from

the system. We transform ‘waste’ that

would otherwise accumulate in and de-

grade the environment back into useful

material. So, a company that manufac-

tures physical products, recycles its

waste because dumped waste is money

lost. A company that also recycles the

products it makes needs fewer primary

resources to make future products.

Appropriate feedback can also stabilise

a system by providing information that

can up or down regulate our processes

based upon the state of what is happen-

ing ‘upstream’. For example, feedback

on current and future workforce de-

mands can help regulate the number of

clinicians being trained, or feedback on

the bed status of all the local hospitals

can redirect ambulances to take patients

to less congested institutions.
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Stocks and Flows Principle violated System repair 

People: trained staff Loss of trained clinicians to system 
because of burn out or disaffection 

1. Minimise cause of loss: address causes of 
burn out e.g. improved conditions 

2. Minimise loss to system e.g. feedback 
leaving staff back into system via 
retraining schemes 

People: 'wellness' Accruing lifestyle related diseases e.g. 
impact of growing population obesity 

Focus on preventative rather than acute care. 
Interventions beyond borders of care delivery eg 
school education 

People: engaged patients Loss of engaged patients to alternative 
health services 

Break down borders between allopathic and 
alternative health services, so that all care 
episodes are captured irrespective of location and 
philosophy. 

Patient Information Loss of, or unavailability of previously 
captured patient information, at the 
point of care 

1. Electronic health records 'repair' paper 
losses.  

2. IT standards minimise losses when new 
systems make older ones redundant, or 
providers use different EHR or messaging 
approaches. 

Health service performance data 1. Failure to manage health services 
without appropriate measurement tools 
to track flows, detect losses or gains 
across system 

Identification of crucial flows, measures for the 
flows, and IT to monitor crucial flows eg clinical 
information systems 

2. Failure to manage system because we 
are not able to anticipate changes to 
internal system performance or external 
contextual changes 

Better models of the system, to simulate likely 
outcomes of changing structure, detecting threats 
early or anticipating threats through scenario 
planning. 

So, for healthcare to be sustainable, part

of the solution is closing the loop be-

tween the flows into and out of the sys-

tem. Health systems are complex highly

connected social constructs that control:

funding, access to services, workforce

supply and demand, availability and cost

of drugs, supplies, equipment, physi-

cal facilities and technologies, research

opportunities and adoption of research

results, and that shape consumer expec-

tations and ultimately clinical out-

comes. All these processes and outputs

are constrained by a nation’s political,

legal, workplace, cultural, f inancial

and business systems.

In Table 2, some simple examples of

stocks and flows within a complex health

system, sustainability condition viola-

tions or losses, and potential repair strat-

egies are presented, to demonstrate how

sustainability analysis provides us with

a lens to focus on crucial aspects of the

health care delivery process.

The Role of Informatics and
Information Technologies in
Achieving Sustainable
Organizations
Many nations have now developed a

Health information or e-health strategy

[21,22] arguing that using state of the

art technologies contributes signif i-

cantly to the development of a sustain-

able health system. Such development

requires successful coordination, inte-

gration and sharing of information in a

context of changing work processes,

signif icant organizational change and

forever changing political and institu-

tional environments. The World Health

Organisation (WHO) requests interna-

tional collaboration, for example via the

many Health Informatics standards de-

velopment activities [23].

IT can specif ically assist in the quest

for organizational sustainability by [24]:
• Dematerialising and digitising, re-

ducing the footprint of the enter-
prise in the physical environment
and transferring business to the elec-
tronic e.g. moving from paper to
electronic records, cutting down on
travel costs through telemedicine;

• Maximizing eff iciency, by institut-
ing tighter tracking and control of
processes, to minimise wastage and
error, and maximise desired out-
comes e.g. better  supply chain
management should lead to reduced
wastage and increased efficiency of
the processes dependent upon sup-
ply, medication management can
lead to avoidance of errors and ad-
verse outcomes, better bed manage-
ment can lead to reduced waiting

times and increased patient
throughput in a hospital;

• Create tools for sustainability, by
making work processes, their stocks
and flows, and their dependencies
visible, and by creating information
environments in which it becomes
transparent when decisions or
events are creating unsustainable
system behaviours;

• Redesign products into services,
moving from single point of con-
tact, single ‘product’ models for
health services into longer-term ser-
vice arrangements. There is little
scope for optimisation when en-
counters with a health system are
broken down into small indepen-
dent units, but great opportunity if
there is a mechanism for looking at
the ‘big picture’ of a patients’ life.

Table 2   Examples of stocks and their flows through a health system, violations of sustainability principles that may occur, and repairs that restore
sustainable dynamic behaviour
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For example, consider the benef its
that should be possible in moving
from an acute intervention model
where the focus is on a product like
prescription of a medication or
completion of a diagnostic test as
the outcome, to a longer term and
more complex preventative rela-
tionship with patients, integrating
all the different health and lifestyle
events for an individual e.g. using
register/recall systems to identify
when patients are due for vaccina-
tions, screening tests, or routine
physiological monitoring for
chronic illness. Such services are
reliant on shared and networked
clinical information systems to track
and trigger events in the service
relationship.

As the old engineering maxim goes, ‘if

you can’t measure it, you can’t manage

it’. The goal of sustainability poses a

specific challenge to health care systems,

because to truly be sustainable, one

needs for any large organization to have

a detailed understanding of its pro-

cesses, an accurate means of measuring

these processes dynamically, and then

the means to intervene with manage-

ment actions that can correct deteriorat-

ing dynamic behaviours. Information

and communication technologies are

thus crucial tools to enable any large

and complex modern enterprise to

model, measure and then manage

business processes, and target sustain-

able practices.

Modelling the Organization
It is in the nature of health care organi-

zations that their behaviour arises out

of the complex and dynamic behaviour

of many different components [25].

Causality is hard to ascribe, making it

hard to understand how an individual

action or intervention relates to a spe-

cific outcome. The size, uniqueness and

complexity of different organizations

also make it hard to generalise the ex-

periences of any one organization to

others. It is also too expensive in most

cases to conduct traditional scientif ic

analyses such as randomised controlled

trials for different health service de-

signs and components.

Computational simulation is a powerful

new paradigm for understanding organ-

isational complexity in silico [26],

allowing us to develop models of health

care systems, from detailed models of

individual health delivery organizations

through to models at the national or

supranational levels. Simulations can be

calibrated with the best available

historic data, and validated through

repeated testing under a variety of

conditions, including sensitivity analy-

ses and the use of extreme boundary

conditions. They allow us to develop a

rich understanding of the different

information and material flows that

underpin an organization, the impacts

of systems at the boundaries of any

given organization, and allow ‘what-

if ’ explorations where we attempt to

predict the likely outcomes of changes

to some part of the system.

Modelling thus allows identification of

organisational components that fail tests

of sustainability, and also allows test-

ing of potential remedies[27]. Impor-

tantly, the dynamic nature of simula-

tion also provides us with some

indication of how long it will take for

changes to have an impact, given that

in the short run, many changes to an

organization will not necessarily have

an impact.

Computer modelling and simulation of

long run dynamic processes have un-

derpinned the deepening understanding

of many other complex systems, in-

cluding global weather patterns and

warming, stock markets and global f i-

nancial systems, and are used in the

engineering of some of the most com-

plex mechanical artefacts developed so

far including aircraft and nuclear power

plants. The time for their application

to health care has surely also arrived.

Measuring the Organization -
Assessing Health System Performance
The performance of national health

systems is known to vary widely in

terms of their ability to attain key health

goals. From an informatics perspective

it is imperative that we are able to ob-

tain reliable and valid data to under-

take performance investigations, moni-

tor progress and conduct trend analysis

within a recognised framework. For

example, we are now beginning to see

the emergence of systems that enable

us to track the time varying behaviour

of health organizations and services.

We are slowly seeing the construction

of national and supranational systems

to monitor the emergence and move-

ment of new infectious diseases. Many

nations have systems in place to track

critical incidents such as the emergence

of side-effects associated with new

drugs. The importance of reducing er-

ror in health delivery has also seen the

introduction of critical incident moni-

toring systems in many countries.

Underpinning all these systems is a ba-

sic requirement that we develop some

electronic means for storing patient

data. The electronic health record thus

becomes a basic plank in our sustain-

ability infrastructure, because many of

the crucial data feeds needed to moni-

tor health system behaviour come from

the record, wherever it is held, or how-

ever it might be structured.

Operational effectiveness requires the

ability to evaluate performance not only

in terms of quality and safety of clinical

care but also in terms of overall service

quality, cost, dependability, flexibility

and speed. Thus, sustainable practice also

requires significant amounts of data
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about clinical and administrative pro-

cesses, describing for example the flows

of patients through a system, the status

of clinical staff, the availability and uti-

lization of resources such as drugs and

beds. With increasing monitoring of pro-

cess data, we are better able to see the

actual dynamic behaviour of organiza-

tions, and use that data to first build

meaningful models of the ways differ-

ent processes interact, and then track any

changes we make to the system.

Sustainability requires us to see clini-

cal work in different ways, and mea-

sure variables not traditionally associ-

ated with biomedical informatics. For

example, only recently have we realised

that it is just as important to measure

the communication loads on clinical

staff, the number of interruptions they

have, and the level of multitasking load

they are under, because of the signif i-

cant impact human to human commu-

nication traffic has on the quality and

safety of clinical care [28]. Sustain-

ability requires us to look widely at

organisational processes, and identify

bottlenecks and inefficiencies wherever

they might arise, not just at the mo-

ment of clinical care.

Managing the Organization

Information technology also provides

powerful tools for enactment of deci-

sions. Biomedical informatics has a

long tradition of developing decision-

support technologies, which assist cli-

nicians in making decisions that are

aligned with the best evidence avail-

able. Better-informed decisions usually

result in better clinical outcomes and

reduced costs. With the merging of elec-

tronic health records and decision sup-

port systems, clinicians are increasingly

in a position to make decisions based

both upon the best scientific evidence,

as well as patient-specific data.

For this to happen, experience repeat-

edly shows that health information sys-

tems need to be designed and used in a

manner that integrates them with daily

workflows within any organization to

achieve operational effectiveness at all

levels. Many now argue that optimum

eff iciencies can only be achieved with

the widespread adoption of semantically

interoperable information systems i.e.

systems capable of transferring, shar-

ing, exchanging and meaningfully us-

ing information for decision support,

regulatory reporting, population sur-

veillance, clinical practice evaluation,

outcome analysis and more. In other

words, interoperability should enable

the reuse (and avoid the ‘waste’) of data

for multiple, often very different pur-

poses. One recent study of information

sharing and integration in the public

sector supports this view [29], identi-

fying that the primary integration prob-

lems are semantic issues: relationships

between information and decision rules,

data quality, interorganisational inter-

actions, collaboration and trust.

Health organizations need analogous

technologies to manage their processes.

Policies and procedures, whether they are

administrative, political, or clinical, need

to be evidence based. Management deci-

sion support systems in health care are

challenging because there is a much

smaller scientific evidence base to lean

upon,  and management decision mak-

ing is often reactive, ad hoc, and based

upon the experience of the decision mak-

ers. In such cases, tools that provide

simple visualisation of data, and reveal

complex and time-varying behaviours,

are essential f irst steps in supporting

decision making. Simulation also be-

comes a powerful tool for management

in such cases, where decision makers

can undertake scenario analyses under

different conditions to select the best

strategy, when there are no similar cases

or past evidence to rely upon.

When we blend models, measurement

and management systems together we

get closer to closed-loop control. The

degree of control automation possible

is highly dependent on the existence of

robust measurement technologies, clear

performance parameters, and a clear

understanding of the mechanisms in-

volved. For many health organizations,

such circumstances are unlikely to hold

for most of their services, so we will

for now have to rely on ‘human in the

loop’ systems, such as workflow man-

agement systems where humans enact

pre-agreed procedures, but have the

capacity to vary decision based upon

local circumstances. Sustainability thus

challenges biomedical informatics to

move from modelling and managing the

care of individuals, to managing the

totality of the organization.

Finally, it is important to recognise that

information technology is not a univer-

sal panacea, and poor design and use

of IT can itself lead to unsustainable

practices and system behaviours.  IT is

only one component of any clinical ser-

vice, and not the end goal itself, a

maxim forgotten enough to be restated

ad nauseam. Sustainable services re-

quire signif icant emphasis on change

management and organisational pro-

cess, as recent explorations into sustain-

able public health services is demon-

strating [13,14].

Further, the system principles outlined

earlier indicated that uncontrolled ac-

cumulations in a system are ultimately

unsustainable, and there are many ex-

amples today of such accumulations in

the domain of information. Clinical

records accumulate, and for chronically

ill patients the size of the records being

created become increasingly unwieldy,

whether on paper or electronically

stored. The rate of accumulation of new

scientif ic information is a well-

recognised bottleneck to evidence-based

practice, with well-recognised signif i-
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cant delays in the routine institution of

practices shown to be effective in the

literature. IT systems themselves can

‘accumulate’. Most health services that

extend over large communities and dif-

ferent sites accumulate different ver-

sions of clinical software, different

mixes of departmental systems, and

different interface solutions. Some

legacy systems have been in existence

for decades, and as time goes on, the

expertise or resources to maintain them

diminish – a classic sustainability trap.

Further, the introduction of a new sys-

tem will often demand that it interface

with all relevant existing systems, and

interfaces have the characteristic that

their growth is a factorial in the num-

ber of systems communicating - another

sustainability trap. It quickly becomes

clear why standards, and adherence to

standards, is an essential strategy to get

away from a growing burden of legacy

systems, and an accumulation of inter-

facing and maintenance tasks that have

the potential to overwhelm an IT sup-

port organization over time.

Conclusion
Health care faces some significant chal-

lenges over the coming decades, based

upon increasing demands and decreas-

ing resources, making long term

sustainability of the current system an

essential strategic goal. We need to de-

cide what sustainability principles we

would like to see our future health sys-

tem adhere to. A f irst principles ap-

proach to sustainability helps us con-

ceptualise unsustainable practices and

structures. This requires an agreement

about the most significant sustainability

indicators we need to measure. Indeed

a national commitment to strict, am-

bitious, quantitative and well-tracked

national goals is highly desirable. In-

formation technology is an essential

component of our response, but is no

panacea.

It is crucial that our nations undertake

a formal sustainability analysis of their

health systems, to identify where the

most pressing challenges are. In con-

cert, there needs to be a long term pro-

cess of exploring innovative designs for

health services that improve the sustain-

ability of the system as a whole, and a

will to implement the health system

policies, infrastructure and services that

we need to ensure that in 20 years time

we have a healthy health system.
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