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Glossary

Allocative efficiency has two perspectives. On the output side, allocative effi-
ciency examines whether limited resources are directed towards producing the
correct mix of health care outputs, given the relative value attached to each.
For example, these may reflect the preferences of funders (acting on behalf of
society in general). On the input side, allocative efficiency examines whether an
optimal mix of inputs is being used to produce its chosen outputs — for example,
does the mix of labour skills minimize the costs of producing the outputs, given
their relative wages.

Constant returns to scale occur when a given increase in inputs always gives
rise to the same increase in outputs, regardless of the scale of operations.

Cost—effectiveness is a ratio of costs to the valued health care outputs (for exam-
ple, outcomes) produced, often expressed as the cost per quality-adjusted life year.

Decreasing returns to scale occur when a proportionate increase in all inputs
leads to a lower proportionate increase in outputs.

An entity is the accountable unit under scrutiny. At the finest micro level of
analysis, an entity could be considered to be a single treatment, where the goal
is to assess its cost relative to its expected benefit. At the meso level, an entity
could be individuals or groups of practitioners, teams, hospitals or other organi-
zations within the health system. The macro level entity could be considered as
the entire health system.

External influences on the production of health care outputs or outcomes are
beyond the control of entities; they could include case mix complexity, geography
or the organization of the health system.

Health care efficiency measurement examines the extent to which the inputs
to the health system, in the form of expenditure and other resources, are used to
best effect to secure health system outputs and/or valued health system goals. It
could embrace either allocative or technical efficiency, and is often conceptual-
ized as waste.

Increasing returns to scale occur when a proportionate increase in all inputs
leads to a greater proportionate increase in outputs.
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Inputs are any resources that are used in the production of health care outputs
and/or outcomes. They may include monetary or physical resources (for example,
capital, labour, drugs) but also could include health care activities (for example,
diagnostic tests or surgical procedures) if they are conceptualized as resources
used to combine a more aggregate health care output.

Outputs are units of activity produced by combining health care inputs. They
may include health care activities, such as surgical procedures (which are pro-
duced through combinations of labour, capital and other resources), or physical
outputs, such as episodes of care (which are produced through combinations of
health care activities).

Outcomes are valued health care outputs, such as quality-adjusted life years,
patient-reported outcome measures or some other measure of health gain.

Production—possibility frontier indicates the maximum feasible level of out-
puts (or outcomes) that an entity could secure given the inputs at its disposal.

Quality-adjusted life years are a measure of life expectancy, expressed in terms
of the number of years in full health (so the years in less than full health are given
a lower weight than the years in full health). It is a generic measure, intended
to be independent of the specific disease under scrutiny.

A registry is an information system that continuously records event-based data
for a defined set of patients. A register contains a logically coherent collection
of related data with some inherent meaning, typically reflecting events that have
occurred, such as all treatment information for patients with a particular disease.

Scale efficiency is the extent to which an entity is operating at a scale that
maximizes the ratio of outputs to inputs. If so, any higher level of scale would
lead to decreasing returns to scale. Any lower level of scale would mean that the
entity was operating under increasing returns to scale.

Technical efficiency indicates the extent to which the system is minimizing
the use of inputs in producing its chosen outputs, regardless of the value placed
on those outputs. An alternative formulation (which is equivalent when there
are constant returns to scale) is to say that it is maximizing its outputs given its
chosen level of inputs.
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The pursuit of efficiency is one of the central preoccupations of health policymak-
ers and managers, and it is justifiably a cause for such concern. Most immediately,
inefficient care can lead to unnecessarily poor outcomes for the patients directly
affected, measured either in terms of their health improvement, or in their broader
satisfaction with the health system. More generally, inefficiency somewhere in the
health system is likely to deny treatments and health improvement to patients
who would otherwise have received treatment if resources had been better used,
especially in systems operating with a fixed global budget. Taking an even broader
perspective, inefliciency in the health system may divert resources from other
productive sectors of the economy, including public services such as education,
where the resources could be used productively.

Moreover, not only does increased efficiency allow money to be spent more effec-
tively both inside and outside the health sector, but the ability to eliminate waste
also demonstrates good stewardship of the health system. This may maintain and
increase the willingness of governments and their citizens to pay for universal
health coverage, through their taxes and social insurance premiums, and thereby
secure the manifest social gains that such coverage brings. In contrast, a lack
of evidence that a system or a provider is performing efhiciently may damage
confidence in these institutions, and compromise the social solidarity on which
modern health systems depend.

There is ample evidence to suggest that inefliciency is a major problem in all
health systems. The World Health Organization (WHO, 2000) pointed to very
large apparent worldwide variations in efficiency at the system level, a finding
replicated by subsequent work among high-income countries by the Organisation
for Economic Co-operation and Development (OECD; Joumard et al., 2008).
At a more forensic level, Berwick & Hackbarth (2012) identified six areas of
waste in the US health system which, if addressed, could produce efficiency
gains of at least 20% of total health care expenditures. The areas of waste they
examined are particularly relevant for the US system, but can to some extent
be found in all types of health systems, and include: failures of care delivery;
failures of care coordination; overtreatment; administrative complexity; price
failures; and fraud and abuse.



Preface xix

But what methods are most appropriate to measure health care efhiciency, and
how can efficiency metrics be used to make well-informed policy and managerial
decisions? While the core idea of efhiciency is easy to understand in principle —
maximizing valued outputs relative to inputs — it often becomes more difficult
to make operational when applied to a concrete situation, particularly at the
system level. The difficulties of measuring and matching the inputs and outputs
of health care organizations are well known. Furthermore, measuring the per-
formance of the health sector is often greatly complicated by the influence of
external factors, such as the social determinants of health. The health sector has
little opportunity to influence many of these factors, so in principle any measure
of efliciency must take account of their impact on measured levels of attainment.

Moreover, it is quite conceivable that there are efficiently functioning compo-
nents operating within an ineflicient broader health system. For example, the
hospital sector — or parts of the hospital sector — may be operating extremely
efficiently. However, those hospitals may be functioning within an extremely
inefficient health system. In particular, it may be the case that inadequate
attention is given to preventive and public health actions, or primary care may
be poorly organized. The consequence may be unnecessarily high use of the
hospital sector, with many patients using hospital care that a more cost-effective
use of health system resources could have obviated. In short, it is often neces-
sary to look at several levels and sectors of the health system to determine the
magnitude and nature of inefliciency. This gives rise to a challenge in accom-
modating the needs of all the stakeholders interested in efhiciency, which range
from the general public to hospital managers to governmental policymakers.
These stakeholders may require efficiency metrics for different purposes and
decision-making objectives, and thus may be interested in different measures
of output, outcome and input.

When considering efficiency, the general assumption in a great deal of the health
economics literature is that the objective of the health system and its component
parts is to improve the length and health-related quality of life (QOL) of the
population. This is most famously embodied in the notion of a quality-adjusted
life year. However, there may be other very important objectives attached to a
health system, such as reducing disparities in health, protecting citizens from
the financial consequences of illness and improving the responsiveness of health
services to personal preferences. Furthermore, the valuations attached to these
different health system outcomes may differ because of variations in individual
preferences, the decision-making perspective being used or even because of the
level of analysis being applied. As a result, a number of sometimes conflicting
definitions for efficiency exist across stakeholders and even within the health
economics literature itself.
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Measuring the efhiciency of health systems is therefore a challenging undertaking.
This gives rise to two types of risk. On the one hand, decision-makers might
conclude that identifying and addressing inefficiency is impossible, and therefore
allow poor performance to persist, with the adverse consequences described
earlier. Even worse, if expenditure reductions are required, decision-makers
adopting this nihilistic perspective might adopt untargeted across-the-board
cuts, with the danger of indiscriminately cutting highly cost-effective as well
as inefficient activity. The second class of risk is that decision-makers rely on
inadequate analysis or interpretation of efficiency metrics to implement reforms
that target apparently ineflicient practice. For example, an initiative to reduce
the length of hospital inpatient stay may in some circumstances yield gains in
terms of more efficient use of hospital resources. Yet, in other circumstances this
may be at the expense of serious additional costs for ambulatory health services,
or even future hospital readmissions. An important objective of this book is to
try to help decision-makers to assess the balance of such risks when seeking to
tackle inefficiency, and to make informed judgements about how they should
reform their system to improve efficiency.

This volume sets out to review the state of the art of health system efficiency
measurement, and to consider how existing metrics can influence policy formu-
lation and managerial decision-making. The first section considers the different
approaches for capturing data on health care inputs, outputs and outcomes,
which are needed to formulate efficiency indicators. Next, the second section
describes how these data can be combined to compare the efficiency of treatments,
providers and systems. Finally, the third section of the volume explores how
policymakers and managers might consider efficiency evidence when designing
reforms and reconfiguring services.

Chapter 1 sets out a framework for thinking about efficiency that seeks to
reconcile the different perspectives described earlier. The intention is to offer a
unifying way of thinking about the construction and interpretation of efhiciency
metrics. The chapter recognizes that almost all efficiency metrics will be, to some
extent, incomplete or contestable, so it argues that the important requirement
is to be able to offer a balanced commentary on the strengths and weaknesses
of any measure. The chapter’s framework is intended to help in that endeavour.

In Chapter 2, Quentin et al. discuss the use of patient classification systems,
including diagnosis-related groups, for efficiency measurement. Patient classifi-
cation systems can be used to group types of patients (or health care products)
in an effort to compare like-with-like, and to account for differences in patient
complexity when measuring health care outputs.

Chapter 3 further explores the issue of comparing similar types of care, but does
so by exploring the use of routine administrative registry data for measuring



Preface

efhiciency. Sund & Hikkinnen describe a methodology for constructing patient
episodes of care from registry data, which much like patient classification sys-
tems, allow for comparisons of similar patients. However, the benefit of using
detailed linkable registry data is that comparisons can be made of full patient care
pathways across multiple providers. The authors suggest that such data can allow
for patient variations to be sufficiently accounted for so that observed variations
in health care outputs can be more directly attributed to health care services.

In Chapter 4, Chapman et al. focus on the complexities associated with linking
input costs to patient care, a fundamental concern for management account-
ing. While many types of costs are directly attributable to specific patient care
episodes, other types of costs, such as overheads and other fixed costs, can be
more problematic. These costs comprise a significant amount of health care
resources and so clarity in terms of how they should be accounted for is essen-
tial. This chapter reviews different approaches to costing, highlighting a need
for conceptual clarity over the costing methodologies appropriate to particular
kinds of purposes and decision-making objectives.

Chapter 5 describes how outputs and inputs can be combined to form efficiency
indicators. In this chapter, Hollingsworth concentrates on frontier-based meth-
odologies, data envelopment analysis and stochastic frontier analysis, which seek
to compare producers (for example, hospitals, countries) by constructing produc-
tion possibilities frontiers that represent the highest levels of efficiency attainable,
and assessing how far each producer is from the frontier. These methods appear
frequently in the academic literature but have been used practically much more
rarely. This chapter aims to make these methods more accessible so that they
may perhaps play a greater role in policy and managerial circles, and includes
guidelines for the application of these techniques that clearly set out how these
methods can be of use to analysts, and to those who need to interpret and make
use of the results generated.

In Chapter 6, Thomas & Chalkidou discuss the potential use of cost—effective-
ness analysis — the holy grail of efliciency measurement — to achieve allocative
efficiency at the health care organization (meso) level and the health system
(macro) level. In particular, the authors discuss how cost—effectiveness analysis
plays a central role prospectively in resource allocation decisions to ensure that
the mix of health care services is chosen to maximize health, but less so in retro-
spective assessment of providers or treatments. They highlight potential areas for
future research that will promote the application of cost—effectiveness analysis
to meso-level and macro-level efficiency analysis, both in retrospective assess-
ment of past performance, and as a tool for guiding future allocation decisions.

International comparison is becoming one of the most powerful tools for iden-
tifying performance weaknesses in health systems. However, there are numerous
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pitfalls in developing secure efficiency comparisons, caused, for example, by
differences in definitions of inputs (such as human resources) and challenges in
currency conversion. Chapter 7 provides a thorough review of available inter-
national efficiency comparisons. From regularly collected databases to one-off
academic studies, Cylus & Pearson evaluate the extent to which the data provide
sufficient evidence for comparing health care efficiency between countries.

Efficiency measurement is only useful if it plays a part in policy formulation
and managerial decisions. Chapters 8 (Charlesworth, Or & Spencelayh) and 9
(Morton & Schang) review the role of efficiency information in these respec-
tive areas. The authors find, overwhelmingly, that while the desire for greater
efficiency motivates decision-making, routine use of efficiency metrics to guide
these decisions is severely lacking.

Chapter 10 summarizes and discusses the different threads of the book and
highlights the promising opportunities for efficiency management. It also con-
siders the potential for progress in using the information we have to guide the
judgements we make about efficiency throughout the health system, thereby
improving policy and managerial decisions.

The motivation for this book is that — in different ways — policymakers, managers,
politicians and the general public have profound concerns about the efficiency of
their health systems. In that context, there is a risk that decision-makers will make
serious misjudgements about how to improve the system unless they have access
to meaningful efficiency metrics that they can interpret in an informed manner.
The book does not seek to put forward a set of prescriptive policy or managerial
interventions that will improve efliciency. It is likely that such prescriptions will
be highly specific to context, and in any case the evidence for many interventions
is at best equivocal (OECD, 2010). Rather, the central purpose of this book is
to promote a better understanding of the potential and limitations of efficiency
metrics, examine the scope for developing better metrics and explore how they
can be used to support good decision-making. We therefore hope that it provides
a solid foundation for considering the efliciency of health systems and offers a
good basis for those seeking to take concrete actions.

Jonathan Cylus, Irene Papanicolas, Peter C. Smith
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Chapter 1

A framework for thinking about
health system efficiency

Jonathan Cylus, Irene Papanicolas, Peter C. Smith

This chapter takes up the challenge set out in the book’s preface and offers a frame-
work for thinking about the conceptualization and measurement of efhiciency in
health systems. The intention is to help those seeking to gain an understanding of
the magnitude and nature of a system’s inefficiencies. The chapter first reiterates
why an understanding of health sector efficiency is important. We then explain
what is meant by efficiency and explore in more depths the two fundamental
concepts of allocative efficiency (AE) and technical efficiency (TE). We show that
many metrics relating to efliciency are partial, and if viewed in isolation, can be
misleading. We bring the discussion to a conclusion by presenting a framework
for thinking about health efhiciency metrics comprising five key issues: the entity
to be scrutinized; the outputs; the inputs; the external influences on performance;
and the impact of the entity on the broader health system.

1.1 Why is health sector efficiency important?

The notion of health sector efficiency — and related issues such as cost—effective-
ness and value for money — are some of the most discussed dimensions of health
care performance. These concepts seek to capture the extent to which the inputs
to the health system, in the form of expenditure and other resources, are used
to secure valued health system goals. In many other sectors of the economy,
consumer preferences help to ensure that the most valued outputs are produced
at market prices. However, there are numerous, well-rehearsed market failures in
the health sector that mean that traditional market mechanisms cannot work,
allowing poor quality or inappropriate care to persist at high prices if no policy
action is taken. Most commentators would therefore agree that the pursuit of
efficiency should be a central objective of policymakers and managers, and to
that end better instruments for measuring and understanding efficiency are
urgently needed.

Inefhicient use of health system resources poses serious concerns, for a number
of reasons:
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* it may deny health gain to patients who have received treatment because
they do not receive the best possible care available within the health
system’s resource limits;

* by consuming excess resources, inefficient treatment may deny treat-
ment to other patients who could have benefited from treatment if
the resources had been better used;

* ineflicient use of resources in the health sector may sacrifice loss of
consumption opportunities elsewhere in the economy, such as educa-
tion or nutrition;

* wasting resources on inefficient care may reduce society’s willingness
to contribute to the funding of health services, thereby harming social
solidarity, health system performance and social welfare.

Thus, as well as its instrumental value, tackling inefficiency has an important
accountability value: to reassure payers that their money is being spent wisely,
and to reassure patients, caregivers and the general population that their claims
on the health system are being treated fairly and consistently. Also, health care
funders including governments, insurance organizations and households are
interested in knowing which systems, providers and treatments contribute the
largest health gains in relation to the level of resources they consume. Efficiency
becomes particularly important in the light of financial pressures and concerns
over long-term financial sustainability experienced in many health systems, as
decision-makers seck to demonstrate and ensure that health care resources are
put to good use. When used appropriately, efficiency indicators can be impor-
tant tools to help decision-makers determine whether resources are allocated
optimally, and to pinpoint which parts of the health system are not performing
as well as they should be.

1.2 What is inefficiency?

The concept of health system efficiency may seem beguilingly simple, repre-
sented at its simplest as a ratio of resources consumed (health system inputs)
to some measure of the valued health system outputs that they create. In
effect, this creates a metric of the generic type, the so-called resource use
per unit of health system output. Yet, making this straightforward notion
operational can give rise to considerable complexity. Within the health system
as a whole, there exist a seemingly infinite set of interlinked processes that
could be evaluated independently and found to be efficient or inefhicient. This
has given rise to a plethora of apparently disconnected indicators that give
glimpses of certain aspects of inefficiency, but rarely offer a comprehensive
overview.
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Economists conceive the transformation of inputs into valued outputs as a
‘production function’, which indicates the maximum feasible level of output
for a given set of inputs. Any failure to attain that maximum is an indication
of inefliciency (Jacobs, Smith & Street, 2006). The concept of a production
function can be applied to the functioning of very detailed micro units (such
as a physician’s office) through to huge macro units (such as the entire health
system). Whatever level is chosen, the intention is to offer insights into the suc-
cess with which health system resources are transformed into physical outputs
(such as patient consultations), or (more ambitiously) into valued outcomes
(such as improved health).

But why exactly might a health system not perform as well as it could? Processes
in the health system may be ineflicient for two distinct, but related reasons.
The first reason is that health system inputs such as expenditure or other
resources may be directed towards creating some outputs that are not priori-
ties for society. For example, providing very high-cost end-of-life cancer treat-
ments may create benefits for the individuals involved, but society may judge
that the limited money available to the health system may be better spent on
other interventions that create (in aggregate) larger health gains. The second
reason for inefficiency is that there could be misuse of inputs in the process of
producing valued health system outputs. Waste of inputs at any stage of the
production process mean that there will be less output than what is possible
for a given initial level of resources, leading to what can be loosely thought
of as waste. For example, if a health system does not secure the minimum
cost of medicines and other inputs, less output either in terms of quantity of
patients treated or quality of care provided will be possible for a given level of
expenditure. Likewise, if a patient’s medical tests are unnecessarily ordered or
duplicated, there is a waste of resources and other individuals may be forced
to forego needed care.

Economists refer to these two concepts as as allocative efficiency (AE) and techni-
cal efficiency (TE). AE can be used to scrutinize either the choice of outputs or
the choice of inputs. On the output side, it examines whether limited resources
are directed towards producing the correct mix of health care outputs, given
the preferences of funders (acting on behalf of society in general). AE can also
examine whether the entity under scrutiny uses an optimal mix of inputs — for
example, the mix of labour skills — to produce its chosen outputs, given the
prices of those inputs.

In contrast, TE indicates the extent to which the system is minimizing the use of
inputs in producing its chosen outputs, regardless of the value placed on those
outputs. An alternative, but equivalent formulation is to say that it is maximiz-
ing its outputs given its chosen level of inputs. In either case, any variation in
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performance from the greatest feasible level of production is an indication of
technical inefliciency, or waste. The prime interest in TE is therefore in the
operational performance of the entity, rather than its strategic choices relating
to what outputs it produces or what inputs it consumes.

The thesis underlying this book is that — whether inefliciency takes the form of
inputs lost in the production of valued health outputs, or inputs misdirected
towards relatively low-value health outputs — a first step towards remedial actions
is to properly understand the magnitude and nature of any such inefficiency.
To that end, it is important for decision-makers (whether clinicians, managers,
regulators or policymakers) to understand the strengths and limitations of the
many efficiency metrics that are becoming available.

We now therefore consider the concepts of allocative and TE in more detail.

1.3 Allocative inefficiency

AE is central to the work of health technology assessment (HTA) agencies,
which often use expected gains in quality-adjusted life years (QALYs) as the
central measure of the benefits of a treatment, and cost per QALY as a prime
cost—eflectiveness criterion for determining whether or not to mandate adop-
tion of a treatment. The assumption underlying this approach is that payers
wish to see their financial contributions used to maximize health gain. Under
these circumstances, a provider would not be allocatively efficient if it produces
treatments with low levels of cost—effectiveness, because the inputs used could
be better deployed producing outputs with higher potential health gain (see
Chapter 6).

Table 1.1 gives an example of a cost-per-QALY ranking, which indicates the
relative value of a set of treatments being considered for introduction based
on conventional estimates of incremental cost—effectiveness (compared to
current practice). At the level of individual interventions, concentrating on
introducing treatments with the lowest incremental cost per QALY maximizes
the health benefits secured from limited funds. Of course, the volume of
expenditure consumed by each intervention will depend on the incidence of
the associated disease. In principle, the treatments under consideration should
be prioritized in order of increasing cost per QALY, all of which should be
included in the health benefits package until the available funds are exhausted.
An equivalent perspective is to require that only treatments that lie below
the system’s cost-per-QALY threshold should be accepted, where the value
of the threshold is determined by the size of the total budget available for
the health system.
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Table 1.1 An example of an incremental cost-per-QALY league table

Description Cost
Pacemaker for atrioventricular heart block £700
Hip replacement £750
Valve replacement for aortic stenosis £900
CABG (severe angina; left main disease) £1040
CABG (severe angina; triple-vessel disease) £1270
CABG (moderate angina; left main disease) £1330
CABG (severe angina; left main disease) £2280
CABG (moderate angina; triple-vessel disease) £2400
CABG (mild angina; left main disease) £2520
Kidney transplantation (cadaver) £3000
CABG (moderate angina; double-vessel disease) £4000
Heart transplantation £5000
CABG (mild angina; triple-vessel disease) £6300
Haemodialysis at home £11 000
CABG (mild angina; double-vessel disease) £12 600
Haemodialysis in hospital £14 000

Sources: Briggs & Gray (2000), adapted from Williams (1985).
Note: CABG = coronary artery bypass graft.

AE can also be considered at a broad sectoral level to examine whether
the correct mix of health services is funded, such that at a given aggregate
level of expenditure, health outcomes are being maximized. For example, an
allocatively efficient health system allocates funds between sectors like pre-
vention, primary care, hospital care and long-term care so as to secure the
maximum level of health-related outcomes in line with societal preferences.
AE indicators at this level should indicate whether a health system is per-
forming poorly because of a misallocation of resources between such health
system sectors. Indicators such as the rate of avoidable hospital admissions
might be considered an indicator of misallocation, perhaps suggesting that
greater emphasis on primary care may yield efficiency improvements. Note
that such principles can be equally applied to much smaller units of analysis,
such as a primary care practice. Metrics such as excessive use of antibiotic
prescribing, or excessive referrals to hospital specialists, might be indicators
of allocative inefhiciency.

Consideration of the different levels of AE highlights the fact that the health
system may contain entities (such as clinical teams) that perform perfectly
efficiently in producing what has been asked of them (for example, preventive
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treatments). However, consideration of a broader societal perspective may
indicate that strategic decision-makers have misallocated resources between
preventive and curative services, and that efficient teams are operating within
an inefficient system.

Note that a great deal of emphasis on AE has hitherto been on ex ante guidelines
on treatments and clinical pathways that should (or should not) be provided.
Assuming those guidelines have been prepared in line with the principles of
cost—eflectiveness, they can also be used ex post to explore whether provider
organizations and practitioners have deviated from policy intentions and deliv-
ered what can be thought of as inappropriate care. This may take the form of
obviously suboptimal use of resources, such as hospital treatment of glue ear,
a condition that does not typically require such a resource-intensive setting.
However, it could also take the form of treatments that confer health benefits, but
which policymakers have decided are not priorities, perhaps implicitly because
their cost—effectiveness ratios are above the system’s chosen cost—effectiveness
threshold. End-of-life cancer drugs are emerging as a particularly challenging
example of such treatments in some systems.

Of course, the inappropriate treatments might have been provided because the
financial regime continues to reward such provision, or because clear guidelines
have not been promulgated, in which case accountability for the efficiency failure
may properly be assigned to policymakers rather than providers. The identifi-
cation and measurement of inappropriate care is therefore a first step towards
identifying inefficiency of this type and designing remedial policies. Note that
some valuation of the health benefits of treatment is needed to determine whether
or not an activity is cost-effective, and therefore appropriate.

On the input side, although given less attention, there may be potential for a
wide range of indicators of allocative inefliciency, in the form of inappropriate
use of health system resources. For example, metrics relating to the skill mix
of labour inputs can be prepared at a whole system level or at a local level. It is
also possible to envisage a wide range of metrics of treatment taking place in
the wrong setting (for example, emergency department rather than primary care
office), or using inappropriate inputs (such as emergency ambulance transport
for non-urgent care).

1.4 Technical inefficiency

There is a sense in which the analysis and measurement of technical inefliciency
is less demanding than that of allocative inefficiency. It does not require ex ante
specification of norms, and instead is usually entirely an ex post examination of
whether the outputs produced by the entity under scrutiny were maximized,
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given its inputs and external circumstances. Comparative performance therefore
lies at the core of most analyses of technical inefficiency.

A major class of TE indicator examines the total costs of producing a specified
unit of output, in the form, for example, of costs per patient within a specified
disease category. The most celebrated form of such unit cost indicators forms
the basis for the various systems of diagnosis-related groups (DRGs), initially
developed by Fetter and colleagues at Yale University (Fetter, 1991) for use in the
hospital sector (see Chapter 2). These methods cluster patients into a manage-
able number of groups that are homogeneous with regard to medical condition
and expected costs. In the first instance, a hospital’s average unit cost within a
DRG category can be compared with a national reference cost for that DRG,
often the mean of unit costs across all comparable institutions. This metric in
itself may prove useful information on the functioning of specialities within
the hospital.

Moreover, the number of cases in each DRG can then be multiplied by the
relevant reference cost to derive the expected aggregate costs of treating all the
hospital’s patients (if reference costs applied). This can be compared with its
actual costs to yield an index of the hospital’s relative efficiency. This approach
has usually been used in the hospital sector, but can be extended to many other
units of analysis in the health system.

An important barrier to applying the DRG method effectively is the great com-
plexity of hospital cost structures. This has led to major challenges in allocating
many hospital costs to specific patients and activities, and the associated vari-
ations in accounting practice are one of the reasons for apparent variation in
unit costs. To the extent that it is feasible, greater standardization of accounting
practices would seem to be an important priority. Chapman et al. (Chapter 4)
discuss these important management accounting issues further.

Unit cost metrics offer insights into the overall TE of the entity (relative to other
such entities), but give little operational guidance as to the reasons why such
inefliciency arises, nor any insights into the AE of the entity. Therefore, aggregate
measures of technical inefliciency can usefully be augmented by more specific
metrics of operational waste, either in some specified form, such as excessive prices
paid for inputs, comparatively long lengths of stay, or unnecessary duplication.
Here we seek to examine the various types of TE indicators in the context of a
stylized example, based on hospital treatment.

For health production processes of any complexity, there are usually a number
of stages in the transformation of resources to outcomes, and much of the
confusion in discussing efficiency arises because commentators are discussing
different parts of that process. To illustrate, Figure 1.1 represents a typical (but
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simplified) process associated with the treatment of hospital patients. The over-
arching concern is with cost—effectiveness, which summarizes the transformation
of costs (on the left-hand side) into valued health outcomes (the right-hand
side). However, the data demands of a full system cost—effectiveness analysis
are often prohibitive, and the results of such endeavours may in any case not
provide policymakers with relevant information on the causes of inefficiency, or
where to make improvements. To take remedial action, decision-makers require
more detailed diagnostic indicators of just part of the transformation process.

Figure 1.1 The production process in hospital care

Costs Activities @ Physical EBH Outcome

outputs
Diagnostic Improvement
Capital; tests; Episode of in length &
Labour; Surgical hospital care quality of life
Drugs procedure Bttteri
experience

<—> E.g. average wages
4—} E.g. tests per histologist per month
E.g. average length of stay <—>
E.g. risk adjust mortality rate 4—»

E.g. cost per QALY

< >

Note: QALY = quality-adjusted life year.

Inefficiency might occur at any stage of this transformation process. Take first
the transformation of money into physical inputs. The principal question (given
the mix of chosen inputs) is whether those inputs are purchased at minimum
cost. For example, is the organization using branded rather than generic drugs,
or paying wage rates in excess of local market rates? A metric such as the average
hourly wage (adjusted for skill mix) might shed light on such issues. Note that
if no adjustment is made for skill mix, the index may also capture information
about the AE of input choices: is the right mix of doctors, other professionals
and administrators being deployed? So, in many circumstances it may be helpful
to prepare such indicators with and without adjustment.

The production process now moves to the creation of activities produced from
those physical inputs, such as diagnostic tests or surgical procedures. Possible
sources of waste here may include the use of highly skilled (and therefore costly)



®

A framework for thinking about health system efficiency 9

workers to produce activities that could be done by less specialized workers,
or using excessive hours of labour or other physical inputs in the creation of a
particular activity. We cite just one among countless numbers of such possible
indicators — the number of tests undertaken by a histologist per month (see Figure
1.1). Note the manifest incompleteness of such an indicator (ignoring both the
other outputs of the specialist and the other inputs to the testing function).
However, the metric may in some circumstances prove useful when supporting
broader efficiency metrics.

Next, physical outputs are created by aggregating activities for a particular service
user. In a hospital setting, this usually refers to single episodes of patient care, an
aggregation of many actions such as tests, procedures, nursing care and physician
consultations. There is great scope for waste in this process, for example, in the
form of duplicate or unnecessary diagnostic tests, use of branded rather than
generic drugs, or unnecessarily long length of stay. Much depends on how the
internal processes of the hospital are organized so as to maximize outputs using
the given inputs. The well-known metric of length of stay, which indicates the
number of bed days expended per case, falls into this category. (Of course, this
will usually be adjusted for case mix complexity.)

The final stage of the health system production process is the quality of the
outputs produced. Even when they employ the same physical inputs, activities
or physical outputs, there is great scope for variation in effectiveness among
providers. The notion of quality in health care has a number of connotations,
including the clinical outcomes achieved (usually measured in terms of the gain
in the length and quality of life) and the patient experience (a multidimensional
concept). So, for example, even though two hospitals produce identical numbers
of hip replacements, because of variations in clinical practice and competence,
the value they confer on patients (in the form of length and quality of life, and
patient experience) can vary considerably. Quality-adjusted output is usually
referred to as the outcome of care in the literature. Quality of care has become
a central concern of policymakers, and its measurement, while contentious, is
usually essential if a comprehensive picture of efficiency is to be secured.

Note that the unit costs metric usually links costs to physical outputs. The numer-
ous partial efficiency indicators that have been developed seek to shed some light
on the reasons for variations in unit costs. Each metric gives an indication of the
TE of part of the production process. Some, such as the labour productivity or
length of stay examples, are based on only partial measures of inputs or outputs.
Some are capable of adjustment for external influences on attainment (such as
case mix complexity), others are not. None addresses the production process in
its entirety, that is, the cost—effectiveness with which costly inputs are converted
into valued outputs.
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Furthermore, this stylized example looks only at the hospital sector, without refer-
ence to other aspects of the health system. It therefore focuses mainly on hospital
TE, making no judgement on AE issues, such as whether patients might have
been treated more cost-effectively in different settings (for example, primary care
or nursing homes). And by focusing on the curative sector, it can shed no light
on the success or otherwise of the health system’s efforts to prevent or delay the
onset of disease. A further aspect of whole system performance that is ignored
is the impact of hospital performance on other sectors within the health system.
For example, it may be the case that apparently high levels of efficiency in (say)
average length of stay are being secured at the expense of heavy workloads for
rehabilitative and primary care services, which may or may not be efficient from
a whole system perspective.

1.5 An analytical framework for thinking about efficiency
indicators

Figure 1.2 summarizes the principles underlying the simplistic viewpoint of efhi-
ciency referred, namely that it represents the ratio of the inputs an organization
consumes in relation to the valued outputs it produces. The entity consumes
a series of physical resources, referred to as inputs, often measured in terms of
total costs. The organization then transforms those inputs into a series of valued
outputs. Although measuring the aggregate value of inputs in terms of total costs
is relatively uncontroversial, the valuation of aggregate outputs in the health
sector depends on how much importance we place on different health system
outputs, such as health improvement and quality of life, which are highly con-
tested. Nevertheless, if we can agree on a measure of aggregate valued outputs,
then we can calculate a summary measure of efficiency as the ratio of valued
outputs to inputs, what is often referred to as cost—effectiveness, or how well the
organization’s costs are converted into valued benefits.

Figure 1.2 The naive view of efficiency

The health

’ system

Valued outputs

As discussed in the preceding section, any specific indicator of efficiency may
seek to aggregate all inputs into a single measure of costs, or it may consider
only a partial measure of inputs. For example, labour productivity measures
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such as patient consultations per full-time equivalent (FTE) physician per
month ignore the many other inputs into the consultation, and the many
outputs other than patient consultations produced by the physician. In effect,
such partial measures create efficiency ratios using only a subset of the inputs
and outputs represented by the arrows in Figure 1.2. Here the output measure
is partial in several senses: a physician may undertake many other activities;
there are many other inputs into the patient’s care; and there is no information
on the health gain achieved by the consultation. In short, the indicator shows
only a fragment of the complete transformation of resources into the desired
outcomes (improved health).

Numerous other issues arise when seeking to use the concept set out in Figure
1.2 to develop operational models of organizational efficiency in health care,
reflecting the complexity of the health care production process. The production
of the majority of health care outputs rarely conforms to a production-line
type technology, in which a set of clearly identifiable inputs is used to produce
a standard type of output. Instead, the majority of health care is tailor-made
to the specific needs of an individual patient, with consequent variations in
clinical needs, social circumstances and personal preferences. This means that
there is often considerable variation among patients in how inputs are con-
sumed and outputs or outcomes are produced. For example, contributions
to the care process may be made by multiple organizations and caregivers,
a package of care may be delivered over an extended period of time and in
different settings, and the responsibilities for delivery may vary from place to
place and over time.

In the light of these complexities, the objective of this section is to offer a frame-
work for thinking more clearly about what a specific efficiency indicator tells
us, and for identifying the respects in which the indicator may be informative,
misleading or partial. Five aspects of any efficiency indicator are assessed in turn:

* the entity to be assessed;

* the outputs (or outcomes) under consideration;
* the inputs under consideration;

¢ the external influences on attainment;

* the links with the rest of the health system.

1.5.1 Identifying entities: what to evaluate?

Where then should an analyst begin? An assessment of efficiency first depends
crucially on establishing the boundaries of the entity under scrutiny. At the finest
micro level of analysis, an entity could be considered to be a single treatment,
where the goal is to assess its cost relative to its expected benefit. At the other

11
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extreme, the macro level entity could be considered as the entire health system,
defined by the WHO as “all the activities whose primary purpose is to promote,
restore or maintain health” (WHO, 2000: p.5).

Most often, however, efficiency measurement takes place at some intermediate
or meso level, where the actions of individuals or groups of practitioners, teams,
hospitals or other organizations within the health system are assessed. Whatever
the chosen level, as a general principle it is important that any analysis reflects
an entity for which clear accountability can be determined, whether it is the
whole health system, a health services organization or an individual physician.
Only then can the relevant agent, whether it is the government, management
board or physician, be held to account for the level of performance revealed by
the analysis.

Almost all efficiency analysis relies on comparisons, so it is important to ensure
that the entities being compared are genuinely similar. A great deal of efficiency
analysis is concerned with securing such comparability. If organizational entities
are operating in different circumstances, perhaps because the population cared
for or the patients being treated differ markedly, some sort of adjustment will be
needed to ensure like is being compared with like. We consider this in further
detail when discussing external influences on attainment.

More generally, almost all organizations and practitioners operate within pro-
found operational constraints, created by the legal, professional and financial
environment within which they must operate. In assigning proper accountability
for efficiency shortcomings, it is important to identify the real source of the
weakness, which may lie beyond the control of the immediate entity under
scrutiny. For example, a community nurse practising in a remote rural area may
necessarily appear less efficient when assessed using a metric such as patient
encounters per month. However, local geography may preclude any increase,
and the nurse may be performing as well as can be expected within the con-
strained circumstances.

When choosing the entity to evaluate, there is often a difficult trade-off to be
made between scrutiny of the detailed local performance of the system, and scru-
tiny of broader system-wide performance. In general terms, the performance of
individual clinicians and clinical teams may be highly dependent on the inputs
from other parts of the system (for example the performance of the emergency
department in supporting the work of a maternity unit). Furthermore, determin-
ing the resources allocated to local teams can be challenging from an accountancy
perspective. On the other hand, moving the analysis to a more aggregate level,
while obviating the need to identify in detail who undertakes what activity, can
make it difficult to identify what is causing apparently inefficient care.
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1.5.2 What are the outputs under consideration?

In the context of efficiency analysis in the health sector, two fundamental issues
need to be considered. How should the outputs of the health care sector be
defined? And what value should be attached to these outputs? The consensus is
that in principle health care outputs should properly be defined in terms of the
health gains produced. However, organizations rarely collect relevant routine
information about health gains and regardless, the construct of health gain has
proved challenging to make operational. In most circumstances, it is rarely pos-
sible to observe a baseline, or counterfactual — the health status that would have
been secured in the absence of an intervention. Furthermore, the heterogeneity
of service users, the multidimensional nature of health, and the intrinsic meas-
urement difficulties add to the complexity.

Recent progress in the use of patient-reported outcome measures (PROMs) offers
some prospect of making more secure comparisons, at least of providers delivering
a specific treatment (Smith & Street, 2013), and a number of well-established
measurement instruments have been developed that could be used to collect
before/after measures of treatment effects, such as the EuroQol five dimensions
(EQ-5D) questionnaire and Short Form-36 (SF-36) (EuroQol Group, 1990;
Ware & Sherbourne, 1992). Although many unresolved issues surrounding the
precise specification and analysis of such instruments remain, their use should
be considered whenever there are likely to be material differences in the clinical
quality of different organizations.

In practice, however, analysts are often constrained to examining efficiency on
the basis of measures of activities, for example, in the form of patients treated,
operations undertaken or outpatients seen. Such measures are manifestly inad-
equate, as they fail to capture variations in the effectiveness (or quality) of the
health care delivered. Yet there is often in practice no alternative to using such
incomplete measures of activity in lieu of health care outcomes.

Measuring activities can also address a fundamental difficulty of outcome
measurement — identifying how much of the variation in outcomes is directly
attributable to the actions of the health care organization. For example, mortality
after a surgical procedure is likely to be influenced by numerous factors beyond
the control of the provider, or even the health system. In some circumstances
such considerations can be accommodated by careful use of risk-adjustment
methods. However, there is often no analytically satisfactory way of adjusting
for environmental influences on outcomes, in which case analysing instead
the activities of care may offer a more meaningful insight into organizational
performance.
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1.5.3 What are the inputs under consideration?

The input side of efficiency metrics is often considered less problematic than
the output side. Physical inputs can often be measured more accurately than
outputs, or can be summarized in the form of a measure of costs. However,
even the specification of inputs can give rise to serious conceptual and practical

difficulties.

A fundamental decision that must be taken is the level of disaggregation of
inputs to be specified. At one extreme, a single measure of aggregate inputs (in
the form of total costs) might be used. The input side of the efficiency ratio
then effectively becomes costs. This approach assumes that the organizations
under scrutiny are free to deploy inputs efficiently, taking account of relative
prices. In practice, some aspects of the input mix are often beyond the control
of the organization, at least in the short-term. For example, the stock of capital
can usually be changed only in the longer-term. In these circumstances, it may
be important to disaggregate to some extent the inputs to capture the different
input mixes that organizations have inherited.

Labour inputs can usually be measured with some degree of accuracy, often
disaggregated by skill level. An important issue is then how much aggregation
of labour inputs to use before pursuing an efficiency analysis. Unless there is a
specific interest in the deployment of different labour types, it may be appropriate
to aggregate into a single measure of labour input, weighting the various labour
inputs by their relative wages. There may be little merit in disaggregation unless
there is a specific interest in the relationship between efficiency and the mix of
labour inputs employed. Under such circumstances, metrics using measures of
labour input disaggregated by skill type may be valuable. Such analysis may yield
useful policy insights into the gains to be secured from (say) substituting some

types of labour for others.

Although labour inputs can be measured readily at an organizational level, prob-
lems may arise if the interest is in examining the efficiency of subunits within
organizations, such as (say) operating theatres within hospitals. It becomes
increasingly difficult to attribute labour inputs as the unit of observation within
the hospital becomes smaller (department, team, surgeon and patient). Staff
often work across a number of subunits, but information systems cannot usually
track their input across these units with any accuracy. Particular care should be
exercised when developing metrics that rely heavily on input measures of self-
reported allocations of professional time.

In general, capital is a key input whose misuse can be a major source of inef-
ficiency. However, incorporating measures of capital into the efficiency analysis
is challenging. This is partly because of the difficulty of measuring capital stock
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and partly because of problems in attributing its use to any particular activ-
ity or time period. Measures of capital are often very rudimentary and even
misleading. For example, accounting measures of the depreciation of physical
stock usually offer little meaningful indication of capital consumed. Indeed,
in practice, analysts may have to resort to very crude measures, for example,
the number of hospital beds or floor space as a proxy for physical capital.
Furthermore, non-physical capital inputs, such as health promotion efforts,
are important capital investments that can be difficult to attribute directly to
health outcomes.

As with all modelling, efficiency metrics should be developed according to
the intentions of the analysis. If the interest is in the narrow, short-term use
of existing resources, then it may be relevant to disaggregate inputs to reflect
the resources currently at the disposal of management. If a longer-term, less
constrained analysis is required, then a single measure of total costs may be a
perfectly adequate indicator of the entity’s physical inputs.

1.5.4 What are the external influences on performance?

In many contexts, a separate class of factors affects organizational capacity, which
we classify as the external or environmental determinants of performance. These
are influences on the organization beyond its control that reflect the external
environment within which it must operate. In particular, many of the outcomes
secured by health care organizations are highly dependent on the characteristics
of the population group they serve. For example:

* population mortality rates are heavily dependent on the demographic
structure of the population under consideration and the broader social
determinants of health;

* the intensity of resource use is usually highly contingent on the sever-
ity of disease of patient;

* hospital performance may be related to how primary care is organized
in the local community;

* the costs to emergency ambulance services of satisfying service stand-
ards (such as speed of attendance) may depend on local geography
and settlement patterns.

There is often considerable debate as to what environmental factors are considered
controllable. This will be a key issue for any scrutiny of efficiency, and for hold-
ing relevant management to account. The choice of whether to adjust for such
exogenous factors is likely to be heavily dependent on the degree of autonomy
enjoyed by management, and whether the purpose of the analysis is short-term
and tactical, or longer-term and strategic. In the short-term, almost all input

15
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factors and external constraints will be fixed. In the longer-term, depending on
the level of autonomy, many may be changeable. In many circumstances it will
be appropriate to consider efficiency metrics both with and without adjustment
for external factors.

Broadly speaking, there are three ways in which environmental factors can be
taken into account in efficiency analyses:

* restrict comparison only to entities operating within a similarly con-
strained environment;

* model the constraints explicitly, using statistical methods such as
regression analysis;

* undertake risk adjustment to adjust the outcomes achieved to reflect
the external constraints.

The first approach to accommodating environmental influences is to select only
entities in similar circumstances. Then, the intention is to compare only like-
with-like. Of course this begs the question as to what criteria should be used to
select the similar entities. They might simply be readily observable characteristics,
such as urban/rural. Alternatively, statistical techniques such as cluster analysis
might be used to identify similar organizations according to a larger number of
observable characteristics (Everitt et al., 2001).

A shortcoming of comparing only similar entities is that it will reduce sample
size, as it allows comparison of performance only with similar types. Therefore,
a second approach is to incorporate environmental factors directly into a regres-
sion model of organizational efficiency. The regression analysis makes allowance
for the uncontrollable factors at an organizational level, and the residual in the
model (what cannot be explained) is the adjusted measure of efficiency. While
leading to a more general specification of the eficiency model than the cluster-
ing approach, the use of such techniques gives rise to modelling challenges that
are discussed in detail by Jacobs, Smith & Street (2006).

The final method to control for variation in environmental circumstances is
the family of techniques known as risk adjustment. These methods adjust
organizational outputs for differences in circumstances before they are used
in any efficiency indicator, and are — where feasible — often the most sensible
approach to deal with environmental factors. In particular, they permit the
analyst to adjust each output for only those factors that apply specifically to
that output, rather than use environmental factors as a general adjustment
for all outputs.

Well-understood forms of risk adjustment include the various types of stand-
ardized mortality rates routinely deployed in studies of population outcomes.
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These adjust observed mortality rates for the demographic structure of the
population, thereby seeking to account for the higher risk of mortality (ROM)
among older people. Likewise, surgical lengths of stay might be adjusted
for the severity of risk factors, such as the age, comorbidities and smoking
status of the patients treated. The methods of risk adjustment, often based
on multivariate regression methods, have been developed to a high level of
refinement (lezzoni, 2003). However, risk adjustment usually has demanding
data requirements, generally in the form of information on the circumstances
of individual patients.

1.5.5 Links with the rest of the health system

No outputs from a health service practitioner or organization can be considered
in isolation from their impact on the rest of the health system in which they
operate. For example:

* the effectiveness of preventive services will affect the nature of demand
for curative services;

* the performance of hospital support services, such as diagnostic
departments, will affect the efficiency of functional areas such as
surgical services;

* the actions of hospitals, for example, in creating care plans for dis-
charged patients, may have profound implications for primary care
services;

* the performance of rehabilitative services may have important implica-
tions for future hospital readmissions.

Likewise, cost-effective treatment is often secured only if there is effective
coordination between discrete organizations. The need for such coordination is
becoming increasingly important as the number of people with complex comor-
bidities and care needs rises. The frequent calls for better integration of patient
care reflect the concern that such coordination often fails to meet expectations.
That failure may in itself be an important cause of inefficiency.

Scrutiny of a health system entity in isolation may ignore these important impli-
cations of the entity’s impact on whole system efficiency. Thus, for example, if
a primary care practice is held to account only by metrics of costs per patient,
it might secure apparently good levels of efficiency by inappropriately shifting
certain costs (such as emergency cover) onto other agencies, such as hospitals
or ambulance services. The chosen metric creates perverse incentives for the
practice, and may fail to capture its serious negative impact on other parts of
the health system. That consequence should in principle be accounted for in
any assessment of that practice’s efficiency. In principle, it should be feasible to
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accommodate such negative effects — which economists conceive as externali-
ties — within the analytic framework. However, in practice it is rarely done, with
potentially important consequences for bias in efficiency assessment, perverse
incentives and misdirected managerial responses.

Failures of integration of care for patients with complex, long-term needs
pose an especially serious barrier to good efficiency assessment. Indeed, the
very act of measuring the efficiency of separate entities may frustrate efforts
to encourage cooperation between different parts of the health system unless
successes of care integration are properly recognized in performance assessment.
Organizations that are held to account with partial measures of efficiency
that ignore coordination activities may be reluctant to divert efforts towards
integration of future patient care. Linking patient data across multiple care
settings (see Chapter 3) is an important prerequisite for beginning to address
this issue.

1.6 Concluding comments

Two broad types of inefhiciency have been discussed — allocative and technical
inefliciency. Allocative inefficiency arises when the wrong mix of services is pro-
vided, given societal preferences, or when a suboptimal mix of inputs is used.
Allocative inefliciency can occur at the level of the health system, the provider
organization or the individual practitioner, and may arise from inadequate
priority-setting, faulty payment mechanisms, lack of clinical guidelines, incom-
plete performance reporting or simply inadequate governance of the system.
Technical inefliciency arises most notably at the provider and practitioner level,
and may result from inappropriate incentives, weak or constrained management
and inadequate information. Either type of inefliciency may have profoundly
adverse consequences for payers, whose money is wasted, and for patients, who
either receive poor care or are denied treatment because of the associated loss
of resources.

This suggests that the simple notion of efficiency as the conversion of inputs
into valued outputs disguises a series of thorny conceptual and methodological
problems. Setting aside the obvious measurement difficulties, the structural
problem can be illustrated as in Figure 1.3, which is a more realistic development
of Figure 1.2. Naive efficiency analysis involves examining the ratio of health
system outputs to health system inputs (the shaded boxes). Yet system inputs
should also incorporate previous investments by the organization (which we call
endowments) and external constraints (such as other organizations and popula-
tion characteristics). System outputs should also include endowments for the
future management of the organization, joint outputs and outputs not directly
related to health, such as enhanced workforce productivity.
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It will never be feasible to accommodate all the issues summarized in Figure 1.3
into a single efficiency metric. Rather, the analyst should be aware of which fac-
tors are likely to be material for the efficiency metric under consideration, and
seek to offer guidance on the implications of serious omissions and weaknesses.
The framework we have introduced seeks to deconstruct efficiency metrics into
a manageable number of issues for analytical scrutiny. It is immediately relevant
mainly for analysis of TE, although its discussion of external circumstances and
broader impact on the health system raises issues relating to AE.

Figure 1.3 A more complete model of efficiency

Exogenous inputs: Endowments Joint outputs:
other organizations; year t-1 integrated care;
population chracteristics research; teaching

The system Valued outputs
year t year t

System constraints: External outputs:
policy constraints; Endowments productivity;
physical constraints year t+1 independence

Source: Smith (2009).

The pursuit of health system efficiency is a central concern in all health sys-
tems, made strikingly more urgent in many countries by adverse economic
circumstances and pressure on public finances. However, measurement meth-
odology is, and will remain, highly contested and is at a developmental stage.
Notwithstanding their complexity, the economic concepts of AE and TE offer
the only currently available unifying framework for assessing all the diverse
objectives of health systems within an efficiency framework. The numerous
potential metrics of efficiency all have limitations. However, it is almost cer-
tainly preferable to steer the health system with the imperfect measures we
have available, rather than to fly blind. In our view, efliciency analysis should
be routinely embedded in all relevant functions of service delivery and poli-
cymaking. However, it is vital that decisions are taken in full recognition of
the strengths and weakness of indicators, and that the search for improved
metrics and better resources for comparison is pursued with vigour. The rest
of this book offers insights into some of the most promising prospects for
future improvement.
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Chapter 2

Measuring and comparing health system
outputs: using patient classification
systems for efficiency analyses

Wilm Quentin, Alexander Geissler, Reinhard Busse

2.1 Introduction: what are the benefits of classifying
patients into groups?

As outlined in Chapter 1, health system efficiency measurement deals with
measuring and analysing health system outputs in relation to inputs (or
vice versa). While it is complex to quantify and to compare inputs into the
health system (see Chapter 4), it is even more difficult to define and appro-
priately quantify and compare health system outputs. This is the focus of
this chapter.

Researchers and practitioners have long struggled with defining an appropriate
output measure for health systems, and for health care organizations (for exam-
ple, hospitals) or other units of analyses (for example, individual physicians).
The ultimate aim of health systems is improved population health (WHO,
2000). Consequently, the ideal output measure would be a measure of health
improvement (Barer, 1982; Hollingsworth, 2008,). However, because this
final output measure is almost never available in routine administrative data
sets, efficiency analysis generally has to content itself with measuring other
intermediate outputs (Linna, Hikkinen & Magnussen, 2006; Vitikainen,
Street & Linna, 2009).

In the 1970s, a group of researchers led by Robert Fetter at Yale University
were interested in understanding the outputs or products of hospitals (Fetter,
1991). At the time, hospital output or activity was usually reported on the basis
of highly aggregated measures, such as the number of bed days provided and/
or the number of discharged patients. However, these measures ignored the dif-
ferences that existed in the types of patients — or the mix of cases — treated by
different providers. Consequently, these measures could not be used for efficiency
comparisons in a meaningful way.
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At about the same time, hospitals started to routinely collect information on
coded diagnoses and patient procedures. However, there were tens of thousands
of different diagnoses and procedures. Fetter’s basic idea was to condense the
confusingly large number of different (individual) patients treated by hospitals
into a manageable number of groups (Fetter et al., 1980). On the one hand,
the aim was to create groups that should contain patients with similar clinical
characteristics (similar diagnoses and procedures) to be medically meaningful.
On the other hand, the aim was to group together patients with broadly similar
resource consumption in terms of costs to be able to analyse the efficiency of
production.

The efforts of Fetter and colleagues led to the development of the first
system of diagnosis-related groups (DRGs), which has become the most
widely used system for the classification of hospital inpatients (Busse et al.,
2011; Fischer, 2000; Kimberly, Pouvourville & d’Aunno, 2008). Figure 2.1
illustrates the basic idea of classifying patients (or more precisely, cases) into
DRGs by using a simple example: patients with appendicitis undergoing
surgical removal of the appendix (appendectomy). The complexity (and
costs) of treating patients undergoing an appendectomy differs depending on

Figure 2.1 Classification of patients into DRGs: the example of appendectomy
patients (based on Nordic DRGs, Estonian version)

EVEL 1
variables Treatment-
ariables
(Main and secondary vart
Classification diagnoses, age, (Procedures, LOS,

variables death, etc.) setting, etc.)

Appendectomy

Procedure (example)
Main diagnosis Appendicitis with Appendicitis without

peritonitis peritonitis
Secondary
diagnoses With CC Without CC With CC Without CC
DRGs 167
Cost weights 2.36 153 147

Source: Authors’ own compilation based on Quentin et al. (2012).
Note: CC: complications and/or comorbidities; DRG: diagnosis-related group; LOS = length of stay.
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whether patients have a generalized inflammation of the intestines (peritonitis)
or not, and whether they have additional complications or comorbidities
(CCs). Therefore, DRG systems often distinguish between these groups of
patients by classifying patients into different DRGs (see Figure 2.1). As a
result, each DRG contains patients with similar clinical characteristics and
similar costs (Quentin et al., 2011). In addition, each DRG has a specific
weight, which is a measure of the average cost of treating patients falling

into that DRG.

There are several important benefits of classifying patients into DRGs or — more
generally speaking — into groups. First, defining groups of patients reduces
complexity and helps to establish a terminology (or common language) for
clinicians and managers to think about what a hospital or department is actually
doing. This definition of different types of patients or different hospital products
is a prerequisite for clinicians and managers to collaborate in the optimization
of treatment processes. Second, DRGs (or other groups of patients) can be
used by providers and regulators to make comparisons of treatment costs for
similar patients, that is, those falling into the same DRG. Third, because each
DRG is characterized by a specific cost weight, it is possible to measure total
hospital (or departmental) activity while adjusting for differences in resource
consumption resulting from differences in the level of complexity of treated
patients (cases).

This chapter reviews the use of patient classification systems for measuring
and comparing health system outputs with a focus on DRGs. The next sec-
tion provides further background information on DRG systems in Europe and
defines certain terms, such as case mix and case mix adjustment. Subsequently,
we present a few simple examples of how DRGs can be used to make com-
parisons of efficiency across providers. This is followed by a discussion of other
patient classification systems that can be used to perform similar analyses for
other health care sectors or entire populations. Finally, the conclusion draws
together the main benefits of patient classification systems and highlights their
limitations.

2.2 DRG systems in Europe: background and definitions

2.2.1 Origins and basic characteristics of different systems

Soon after the development of DRGs by Fetter and colleagues (Fetter, 1991),
DRGs became widely used for reporting and payment purposes — first in the
USA and later also in Europe. In the USA, Medicare soon realized the potential
of DRGs (as definitions of hospital products) for payment purposes, and intro-
duced the first DRG-based hospital payment system in 1983. Since then, DRGs
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have been adopted in most high-income countries (Paris, Devaux & Wei, 2010),
and particularly in Europe (Busse et al., 2011), albeit with different purposes
(Geissler et al., 2011).

Most countries use DRGs for hospital payment purposes although they differ
both in the share of resources allocated via DRGs and payment method (case
payment or budget allocation) (Cots et al., 2011). However, although most
countries use a DRG system, these differ considerably across countries, thus
complicating international comparisons of hospital outputs on the basis of
DRGs. Table 2.1 summarizes some basic characteristics of a selection of DRG
systems used in Europe and the USA.

In the USA, Medicare has continuously updated and refined its system, which
is now known as the Medicare Severity (MS)-DRG system. France, Germany
and the Nordic (Scandinavian) countries have developed national DRG systems
based on DRG systems imported from abroad (Kobel et al., 2011). The groupes
homogenes de malades (GHM) in France and the Nordic (Nord)-DRGs were

Table 2.1 Basic characteristics of selected DRG systems used in Europe and

the USA
AP-  APR-  MS-  AR- Nord-
DRG  DRG  DRG  DRG ?z;([)) 1“;; (2: 1M2) HRG  DRG
(V25)  (V26.) (2012) (V7) (2012)
Diagnosis coding | orener 2015 0D 110" ogo iep-10 1cD-10

ICD-9-CM; after: ICD-10-CM 10-AM GM

. Before 1 October 2015:
Procedure coding ICD-9-CM: after: ICD-10-PCS ACHI 0PS CCAM 0PCS NCSP

Groups 684 956 751 771 1193 2480 1389 798
Major diagnostic 27 27 25 27 28 23 27
categories

Partitions 2 2 2 3 3 4 2 2
Severity/ ? e 3 g M 5 3 2
complexity levels limited

Source: Authors own compilation, partially based on Kobel et al. (2011).

Notes: “The HRG system does not define MDCs and partitions per se, but comparable categories exist. "Not
explicitly mentioned (major CCs at the MDC level plus two levels of severity at the DRG level). “Base-DRGs
can be split either based on severity of illness or on risk of mortality. ‘Four levels of severity plus one GHM
for short stays or outpatient care. ACHI = Australian Classification of Health Interventions; AM = Australian
Modification; AP = all-patient; APR = all-patient refined; AR = Australian refined; CCAM = Classification
Commune des Actes Médicaux; CIM = Classification Internationale des Maladies, 10th edition; G-DRG
= German DRG; GHM = groupe homogéne de malades; GM = German modification; HRG = healthcare
resource groups; [CD-9-CM = International Classification of Diseases, Ninth Revision, Clinical Modification;
ICD-10-AM = International Classification of Diseases, 10th revision, Australian Modification; ICD-10-PCS =
ICD-10 Procedure Coding System; MS-DRG = Medicare Severity DRG; NCSP = NOMESCO Classification
of Surgical Procedures; Nord DRG = Nordic DRG; OPCS = Operation and Procedure Coding System; OPS

= Operationen- und Prozedurenschliissel.
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based on an earlier version of the Medicare DRG system. German (G)-DRGs
were based on the Australian refined (AR)-DRGs. In addition, the AR-DRGs are
used in Ireland and several Balkan countries without refinement. Other countries
have developed their own DRG-like systems from scratch. In England, health-
care resource groups (HRGs) were originally developed in the 1990s, because
available DRG systems did not seem to adequately reflect English health care
provision patterns.

Proprietary DRG systems have also been developed since the late 1980s, most
notably by 3M Health Information Systems. Proprietary systems include the
all-patient (AP)- and all-patient refined (APR)- DRG systems. These systems
have been adopted by different institutions in the USA, both for payment pur-
poses and for public quality reporting. In addition, several European countries,
including Belgium, Portugal and Spain, have adopted these systems for payment
and reporting purposes.

While the overall structure of most DRG systems is similar, there are large dif-
ferences concerning the number of groups defined by these systems. Therefore,
different systems vary in their ability to distinguish between different groups of
patients or between different hospital products (Busse, 2012; Fischer, 2000).

In all countries, cases are assigned on the basis of coded information on diag-
noses and procedures into a limited number of groups. In the USA, diagnoses
and procedures were coded on the basis of the International Classification of
Diseases and Related Health Problems, Ninth Revision, clinical modification
(ICD-9-CM) until 2015. In Europe, most countries have used a national version
of the 10th revision of the ICD (ICD-10) for diagnosis coding and a national
system for procedure coding (see Table 2.1).

The number of DRGs ranges from 684 in the AP-DRG system to almost 2500
DRGs in the French GHM system (see Table 2.1). In all DRG systems, cases
are first separated into a similar number of major diagnostic categories (MDCs),
generally based on the main diagnosis of patients. In addition, all systems define
at least two partitions, one for medical and one for surgical cases within each
MDC. The AR-DRG and G-DRG systems introduced one additional partition
into the classification algorithm to account for relevant procedures that do not
need to be performed in an operating theatre.

One important difference across DRG systems is related to the ability of the
systems to distinguish between different levels of severity. Many systems have
evolved to separate cases into three levels of complications and comorbidities
(minor, moderate, major) (see Table 2.1), usually assigning the severity level
based on the most complicated secondary diagnosis. However, in the AR-DRG
and G-DRG systems, all secondary diagnoses are simultaneously taken into
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account to compute a patient clinical complexity level (PCCL). The APR-DRG
system is special in so far as it assigns each patient both a severity of illness level
(reflecting resource intensity) and a risk of mortality level.

The differences in the exact classification process are evident when comparing the
classification of patients with similar conditions across countries. For example,
most appendectomy patients are classified into only 2 DRGs in the AR-DRG
system, while 11 DRGs exist in the G-DRG system for the same patients (Quentin
etal., 2011). Similarly, in the HRG system, all stroke patients are classified into
only two DRGs, while they are classified into 10 different DRGs in the GHM
and the G-DRG system (Peltola & Quentin, 2013).

It is important to be aware of the substantial differences that exist across
national DRG systems. They illustrate that DRGs in one country are not
the same as DRGs in another country, something that has to be taken into
account when comparing outputs across countries (see Section 2.4). In addition,
these differences highlight that hospital outputs defined by a national DRG
system are only one (of many possible) options for defining hospital outputs.
This means that efficiency analyses using one DRG system do not necessarily
come to the same conclusion as efficiency analyses using a different DRG
system.

2.2.2 Terminology: defining case mix, case mix index and case mix
adjustment

Efficiency analyses have to control for relevant differences in the types of cases
treated by a provider (for example, a hospital or a department) before making
comparisons. The process of controlling for these differences is generally called
case mix adjustment.

Case mix has been defined by Fetter (Fetter et al., 1980) as the relative propor-
tions (the mix) of the different types of cases treated by a provider. DRGs make
it easy to quantify the case mix of a provider as the DRG weight provides a
measure for the complexity (or average cost) of patients in each DRG. In most
countries, DRG weights are calculated so that a weight of 1 is equal to the aver-
age treatment costs of patients treated by all hospitals (or a subset of hospitals)
in the country. Consequently, the average complexity of all cases treated by a
specific provider can be measured with the DRG-based case mix index (CMI),
which is calculated by summing up all DRG weights produced by a provider in
a given period of time and dividing it by the number of treated cases. A hospital
with a CMI <1 treats patients that are (on average) less complex than patients
in other hospitals, while a hospital with a CMI >1 treats patients that are more
complex than average.
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The concept of case mix adjustment is closely related to the concept of risk
adjustment; in fact, these terms are often used interchangeably (Iezzoni, 2009).
Yet, there is a slight difference in their connotation: case mix adjustment implies
a focus on the provider and on the relative proportions of different kinds of cases
treated by that provider. By contrast, the term risk adjustment implies a shift
in focus towards the distribution of risks in the underlying patient population.

Case mix adjustment can be used for different purposes (Hornbrook, 1982)
and — depending on the specific purpose — it has to adjust for different factors.
For example, when measuring and comparing efficiency or costs per case, case
mix adjustment has to adjust for the differences in the risk of each provider’s
patient population requiring treatment that is less or more costly than average.
This is what DRGs usually do because they are designed to group together
patients (or cases) with similar costs. However, when measuring and comparing
surgical mortality, case mix adjustment has to adjust for the differences in the
risk of each provider’s patient population having higher or lower mortality than
average. While some DRG systems have been specifically developed to adjust
for the risk of mortality (for example, the APR-DRG system), most systems are
not made to do so.

2.3 Application of DRGs: indicators of efficiency

Several useful indicators of efliciency have been developed on the basis of DRGs.
These allow assessments of hospital efficiency at different levels. First, DRGs can
be used by regulators or purchasers at the macro level to compare total hospital
costs per case, while adjusting for case mix. Second, DRGs can be used at the
meso level to compare actual costs per DRG across different hospitals. Third,
hospital managers can use DRGs at the micro level to compare their own cost
structure against average costs of treatment in other hospitals or to identify those
patients that have exceptionally high costs.

2.3.1 Macro level analyses: Measuring and comparing hospital costs
per case

Table 2.2 shows how case mix-adjusted comparisons of average costs per case
can be performed across a sample of hospitals. The table is based on an extract
of Swiss hospital statistics for 20 hospitals located in the Canton of Ziirich as
reported by the Swiss Federal Office of Public Health (FOPH, 2014). The sta-
tistics include the total number of cases, total hospital costs and the CMI. When
calculating costs per case without case mix adjustment (column 4), costs range
from about CHF8000 in hospital 11, a relatively small municipal hospital, to
about CHF20 700 in hospital 20, the University Hospital of Ziirich.
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Table 2.2 Average costs per case (CHF) in 20 hospitals in the Canton of Zirich,
with and without Swiss DRG-based case mix adjustment

Hospital Cases Total costs perc::st: Rank  CMI casi:si:s-;iir u:;:g . diucs::: ::Ir)\(k
Hospital 1 9530 87 180 240 9148 18 0.83 11 040 15
Hospital 2 22 822 246 280 669 10791 11 0.99 10932 16
Hospital 3 7006 124 905 589 17 828 2 164 10 861 17
Hospital 4 15151 255497 225 16 863 3 1.21 13947 3
Hospital 5 7294 113 805 086 15603 4 1.20 13002 7
Hospital 6 1541 15216 743 9875 14 0.7 13973 2
Hospital 7 1587 16 111 438 10152 13 0.67 15147 1
Hospital 8 3585 44 937 552 12535 9 0.92 13 559 5
Hospital 9 7479 114 356 698 15290 5 1.36 11240 12
Hospital 10 10 091 98 605 272 9772 15 0.87 11232 13
Hospital 11 3555 28 330 639 7969 20 076 10 508 18
Hospital 12 8879 84771197 9547 16 0.82 11623 1
Hospital 13 9357 84 421 363 9022 19 0.86 10 506 19
Hospital 14 6863 72103 253 10 506 12 0.83 12 586 8
Hospital 15 9550 88 431 583 9260 17 0.83 11123 14
Hospital 16 7945 90 983 088 11 452 10 0.84 13 568 4
Hospital 17 19732 268 798 867 13622 7 1.1 12 260 9
Hospital 18 8767 111 660 180 12736 8 1.06 11 962 10
Hospital 19 4711 65 063 193 13 811 6 1.37 10 064 20
Hospital 20 34523 715807 133 20734 1 1.57 13224 6

Source: Authors’ own compilation based on FOPH (2014).
Note: CMI = case mix index; DRG = diagnosis-related group.

The CMI calculated on the basis of the Swiss DRGs in column 6 shows that
hospitals treat very different types of patients. Not surprisingly, the Children’s
University Hospital (hospital 3), the University Hospital of Ziirich (hospital
20) and the Orthopaedic University Hospital Balgrist (hospital 19) have the
highest CMIs, indicating that these hospitals treat patients that are on average
more complex than in other hospitals. By contrast, hospital 7, a small private
hospital focused on complementary and alternative medicine (CAM) has the
lowest CMI, while hospital 11 (the one with the lowest costs per case) has a
relatively low CMI.

Dividing costs per case by the CMI provides the case mix-adjusted costs per
case (second to last column). These are the costs that each hospital would have
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if it had a CMI of 1, that is, if it had an average patient case mix. (Another way
of thinking about this is that these are the costs that the hospital needs for the
production of 1 DRG weight.) After case mix adjustment, costs per case range
from about CHF 10 000 to about CHF 15 000 and the ranking of hospitals
in Table 2.2 changes considerably. For example, hospital 19 (the Orthopaedic
University Hospital Balgrist) now has the lowest costs per case, while hospital 7
(the private CAM hospital) has the highest costs per case.

It is possible that certain patient characteristics are not appropriately accounted
for by DRGs. For example, one hospital may have a larger proportion of more
complex cases within each DRG. Therefore, even after case mix adjustment,
comparisons of costs per case might not be entirely fair, and the exact position
in the ranking could change because of random variation. Nevertheless, if hospi-
tals have case mix-adjusted costs per case that are several thousand CHF higher
than in other hospitals, there is likely to be room for improvement in efficiency.

2.3.2 Meso level analyses: measuring and comparing costs across
hospitals for patients with certain diseases

As DRGs provide a definition for hospital products, the most straightforward
DRG-based indicator of efficiency is that of average costs per DRG. Table 2.3
shows the average costs of patients in the most important acute myocardial
infarction (AMI) DRGs of seven German hospitals (each treating more than
400 AMI patients per year). Average costs across all hospitals (last column)
vary considerably depending on the DRG. Patients in F24B — AMI with per-
cutaneous coronary intervention (PCI), treated with more than one stent and
with a PCCL >3 — have the highest average costs (€6348), while patients in
F60B — AMI treated without relevant procedures and with a PCCL <4 — have
the lowest costs (€1993).

Each DRG contains a relatively narrowly defined group of patients. Yet, random
variation may still lead to considerable variation of average costs per DRG if the
number of patients per DRG is small. Therefore, cells containing <20 patients
are left blank in the table and the number of patients treated in each DRG per
hospital is indicated in brackets.

A comparison of the average costs per DRG across hospitals is useful because it
can lead to questions about care processes in hospitals. For example, when look-
ing at Table 2.3, it might be worth investigating why patients in G-DRG F24C
in hospital 3 have on average costs that are more than €1300 above those of
patients in hospital 8. If this kind of information is available, every hospital can
identify those DRGs, where it has costs that are above the average of costs in
other hospitals, and this can motivate efforts to optimize treatment processes.
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Table 2.3 Average costs (€) of patients with AMI classified into different G-DRGs
in a sample of German hospitals, 2008

Average costs in € (number of cases)
G-DRG Average
Hospital 1 Hospital2 Hospital3 Hospital4 Hospital5 Hospital6 Hospital 7

4835 9192 4166 6446 6348

F24B
(33) (38) (26) (31) (143)
3346 4216 5253 3420 4713 5025 3897 4342

F24C
(76) (112) (226) (66) (36) (44) (222) (782)
4882 4350

FA1A
(27) (72)
1811 3333 2155 1924 2892 2735 1602 2372

F41B
(93) (73) (25) (51) (56) (94) (69) (461)
4200 4942 5692 3622 5070 4789

F52A
(49) (42) (38) (75) (92) (326)
3127 3510 3368 2428 3753 4649 2952 3304

F52B
(159) (293) (175) (106) (108) (84) (319 (1244)
F60A 3060 3505 2173 4437 3744 3396
(46) (25) (42) (55) (42) (218)
1705 1792 1166 2117 2346 2178 1993

F60B
(43) (49) (31) (27) (126) (26) (314)
3159 3862 4884 3039 4328 3667 3313 3581

Average

(526) (628) (532) (425) (437) (419) (682) (3560)

Source: Authors own compilation based on EuroDRG research database.
Notes: Cells that would contain average costs of <20 cases have been left empty. AMI = acute myocardial
infarction; G-DRG = German diagnosis-related group.

However, it is important to keep in mind that some differences in costs per
DRG are justified, for example, if one hospital provides higher quality of
care or has to ensure treatment availability in a relatively sparsely populated
area. In addition, several studies have indicated that certain patient (for
example, age, number of diagnoses), treatment (for example, number of
procedures) and hospital characteristics (for example, available infrastructure
or teaching status) beyond those considered by DRGs have an influence on
hospital resource use (Busse, 2012; Mason, Street & Verzulli, 2010; Mason
et al., 2012). Therefore, simple comparisons of costs per case have their
limitations.
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It is possible to conduct more complex regression-based analyses, taking into
account additional patient and treatment level variables besides DRGs to con-
trol for these factors. Figure 2.2 shows an example of such an analysis, where
unexplained variance in costs across English hospitals is shown after having
controlled for HRGs and additional patient and treatment characteristics of
patients undergoing hip replacement. As indicated by the relatively narrow
confidence intervals (Cls), differences in costs across hospitals are significant
also after controlling for these variables.

Figure 2.2 Unexplained variance in cost of English hospitals treating
hip replacement patients after controlling for HRGs and additional patient and
treatment characteristics

1.1

1.05
1
“hi

Mean hospital effect (adjusted)

0.95
1

0.9

Hospitals

Source: Geissler, Scheller-Kreinsen & Quentin (2012).
Note: HRG = health care resource group.

2.3.3 Micro level analyses: DRG-based comparisons of cost structures

A more detailed DRG-based analysis of cost structures is necessary if the aim
is to identify reasons for higher costs of treatment in individual hospitals.
However, a prerequisite of such an analysis is that a high-quality cost accounting
system is in place (see Chapter 4). In Germany, the annual update of DRG
weights is based on cost data collected in a sample of about 250 hospitals
that apply a standardized patient-level cost accounting system developed by
the Institute for the Hospital Remuneration System (InEK) (InEK, 2014a).
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Aggregated cost data broken down into individual DRGs is published by
InEK and publicly available for download free of charge (see http://www.g-
drg.de/cms/).

Table 2.4 shows an extract of this data for G-DRG [47B: revision or replace-
ment of hip joint without complicating diagnosis, arthrodesis or very major
CC (age >15 years). Cost data are broken down by cost elements (labour,
materials, and infrastructure) and cost centres (normal ward, operating thea-
tre and radiology). Each cell in the table shows the average treatment costs
of patients falling into 147B for a specific cost element and cost centre. For

example, the labour costs of physicians working on a normal ward for patients
in 147B were €345.04.

Each hospital can compare its own cost structures with the national aver-
age if it follows the standard costing methodology published by InEK
(InEK, 2007). Table 2.5 shows the difference in treatment cost of patients
in G-DRG I47B in one German hospital compared with national average
costs. Cost centres and cost elements, where the hospital has higher costs
than the national average are highlighted in red. Total treatment costs per
patient in G-DRG I47B are on average €553.72 above the German average.
Most importantly, the hospital has on average €448.88 higher physician
labour costs than the German average, because costs are higher in both
normal ward and operating theatre.

Another useful DRG-based micro level analysis that can help to identify rea-
sons for high costs is that of the distribution of costs of individual patients
grouped into each DRG. As DRGs group together patients with similar costs,
the costs of most patients should follow a normal distribution and only few
cases should have costs that fall outside the normal ranges. These cases can
then be analysed in more detail to identify (potentially modifiable) reasons
for higher costs. Again, this type of analysis is possible only if the hospital’s
cost accounting system allows the calculation of costs at the level of individual
patients.

Figure 2.3 shows the distribution of costs for 319 patients grouped into
G-DRG F52B — AMI treated with PCI (0/1 stents) and PCCL <4 — treated
in one German hospital. It shows that 96% of cases had costs below €5000.
However, 4% of cases had higher costs and the most expensive patient had costs
of €8248. Unfortunately, we do not have the full histories of these patients to
identify the reasons why they had higher costs. However, some reasons can be
ruled out because they would have led to the classification of patients into dif-
ferent DRGs. For example, if patients had required treatment on an intensive
care unit (ICU) or multiple coronary interventions, these would have led to the
classification into different DRGs.
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Table 2.4 Average hospital cost of DRG I147B in cost data sample of InEK

COST-ELEMENT GROUPS

Labour Material Infrastructure
— [<}]
- g 2
b= 23 I W ) s
German DRG catalogue s S_ s5& 2 =
2 £ 58 S 8¢ £ ]
g @ & 58 EE¥| B £
147B = =3 S =) S=3 2 £
£ & = = = g £ = S =
@ - 3 s 5 s Esg | £ 3
- oL c = S ] o =, SoEt £ 5
Revision or replacement of hip joint = = E = 2 = == 2 E= E m
— ] B — £ — 3
without complicating diagnosis, = = 35 2 = IM i} m. = 2 & 5 &
" comp Z 5 8 § E g =E Esg| 2 S
arthrodesis or major CC (age >15 years) o = = L] = = =E Z£Eo7v = =2
1 2 3 4a 4b 5 6a 6b 7 8 Total
- 1: Normal ward 345.04 863.19 46.95 75.72 4.87 - 72.41 7.16 171.25 806.71 2393.30
mm 2: Intensive care unit 35.53 94.54 6.07 12.60 0.61 0.00 15.93 0.71 11.22 44.36 221.56
> 3: Dialysis unit 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 0.00
4: Operating theatre 351.15 - 224.70 15.86 6.36 1363.53 174.88 62.48 136.39 205.65 2541.01
m ” 5: Anaesthesia 204.47 - 130.68 18.55 0.63 - 47.91 1.80 2418 67.11 495.32
e b=
> m 6: Maternity room 0.00 - 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 0.00
..-“ ©
m m 7: Cardiac diagnostics/therapy 0.17 - 0.16 0.00 0.00 0.03 0.04 0.06 0.03 0.09 0.58
M m 8: Endoscopic diagnostics/therapy 0.43 - 0.53 0.02 0.00 0.00 0.19 0.01 0.19 0.36 1.74
W 9: Radiology 17.41 - 35.12 0.45 0.02 0.01 8.49 13.89 10.07 24.99 110.45
° 10: Laboratories 5.81 - 44.89 3.18 40.38 0.00 33.63 20.79 4.65 21.14 174.47
11: Other diagnostics and therapies 16.42 2.06 150.58 1.85 0.01 0.01 10.82 7.40 715 68.31 264.60
Total 976.43 959.79 639.68 128.23 52.88 1363.58 364.30 114.30 365.13 1238.72 6203.03

Source: Authors’ own compilation based on InEK (2010).
Note: CC = complications and/or comorbidities; DRG

diagnosis-related group.
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Table 2.5 Difference between an individual hospital’s costs for G-DRG 147B and

national average costs in €

German DRG catalogue

147B

Revision or replacement of hip joint without
complicating diagnosis, arthrodesis or major

CC (age >15 years)

COST-ELEMENT GROUPS

Labour Material Infrastructure

_8 o

" = 2

5 & 8= 2 2

7] uﬁ L) ey .M - 7

Q 7] g = o = = u—

‘= » > > g5 232 B =

= <3 = - =] ] S =

2 g g = § 5 Eg85| £ g

= = - © = R0 = b

o) o = — = ..nh T .m = £ .w —_— P}

s £ 8 [ b= < =& B5%§ 8 £

2 (] 3 2 S = 232 =S2s 5 =

= 2 = 3 £ E =E £8E = 2
1 2 3 4a 4b 5 6a 6b 7 8 Total

Cost-centre groups

Units with beds

1: Normal ward

-4.39

2: Intensive care unit

-6.88 -14.82 -23.71

3: Dialysis unit

Diagnostics and treatments

4: Operating theatre

-39.58 -1.47 -10.52

5: Anaesthesia

6: Maternity room

7: Cardiac diagnostics/therapy

8: Endoscopic diagnostics/therapy

9: Radiology

10: Laboratories

-3.17 -11.09

11: Other diagnostics and
therapies

-59.62 —61.44

Total

-12.78 -52.67

Source: Authors’ own compilation based on the EuroDRG research database.

diagnosis-related group.

Note: CC = complications and/or comorbidities; DRG
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Figure 2.3 Distribution of costs for 319 Patients in G-DRG F52B in one German

hospital
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Source: Authors’ own compilation based on the EuroDRG research database.
Note: G-DRG = German diagnosis-related group.

2.4 Patient classification systems for other areas of
health care

In principle, any of the efficiency assessments shown for hospitals could be
replicated (with the necessary adjustments) for other sectors using a classifica-
tion system that has been developed for the sector, and the same is also possible
for entire populations. Three countries that have systematically expanded the
concept of patient classification (or case mix measurement) to almost all areas of
health care are Australia, Canada and the USA. Table 2.6 provides an overview
of the different patient classification systems used in these countries for different
health care sectors.

All three countries have developed patient classification systems for most of the
sectors shown in Table 2.6. Australia has developed one patient classification
system for all subacute and non-acute care (AN-SNAP), applying to all patients
receiving palliative care, rehabilitation and long-term or home care. Classification
systems for psychiatric inpatient care are comparatively less developed. In
Australia, a classification system is currently under development. In Canada,
the System for Classification of In-Patient Psychiatry is currently used only for
reporting purposes in the province of Ontario. In the USA, the MS-DRG system
developed for acute inpatient care is used also for the classification of inpatient
care days in psychiatric facilities.
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Table 2.6 Patient classification systems for different health care sectors in
Australia, Canada and the USA

Australia Canada USA
Acute inpatient care AR-DRG CMG+? MS-DRG
Non-admitted care classification (under
Acute outpatient care development) CACS and DPG APC
URG
Rehabilitation AN-SNAP. Includes palliative care, RPG CMG
Long-term care (skilled nursing)  "ehabilitation, and long-term and RUG-II RUG-II
psychogeriatric care
L . SCIPP, only in
Psychiatric inpatient care AMHCC (under development) Ontario MS-DRGs
Home care AN-SNAP RUG-IIFHC HHRG
Populations - - CMS-HCC

Source: Authors’ own compilation.

Notes: *CMG+ is a refined version of CMGs that accounts for additional factors affecting resource consumption.
AMHCC = Australian mental health care classification; AN-SNAP = Australian subacute and non-acute care;
APC = ambulatory payment classification; AR-DRG = Australian refined diagnosis-related group; CACS =
comprehensive ambulatory classification system; CMG = case mix group; CMS = Centers for Medicare &
Medicaid Services; DPG = day procedure group; HC = home care; HCC = hierarchical condition category;
HHRG = home health resource group; MS-DRG = Medicare Severity DRG; RPG = rehabilitation patient
group; RUG-III = resource utilization groups version III; SCIPP = System for Classification of Inpatient
Psychiatry; URG = urgency-related group.

Some patient classification systems are developed by international networks. The
most important such collaboration is the interRAI network, which has devel-
oped patient classification systems for long-term care facilities, home care and
mental care. The Resource Utilization Group III (RUG-III) system developed
by interRAI is used for long-term care facilities in Canada and the USA, and
also in several European countries (OECD, 2013). Because the system is used
in several countries, it can be used for cross-country analyses. The home care

version of RUG-III (RUG-III/HC) is used only in Canada.

The concept of patient classification has also been expanded to entire populations.
Instead of classifying patients, these systems classify the general population or a
subset of the population into groups that are medically and economically homo-
geneous. In the USA, the Centres for Medicare and Medicaid Services (CMS)
use the hierarchical condition category (HCC) system to adjust capitation pay-
ments to insurance plans providing coverage for older people opting for so-called
Medicare advantage plans. Similarly, several European countries have developed
population classification systems for risk-adjusted resource allocation purposes.

The following sections provide more details about different patient classification
systems and highlight some of the differences across countries, which have to be
taken into account in efficiency analyses.
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2.4.1 Classification systems for patients treated by rehabilitation
facilities

Several countries in Europe are working on developing patient classification
systems for rehabilitation care (Kobel et al., 2011). Table 2.7 provides an over-
view to classification systems for rehabilitation care used in Australia, Canada,
France and the USA. In Australia, Canada and the USA, classification systems
were introduced slightly before or after the year 2000. In France, a classification
system was introduced relatively recently in 2013.

Some systems are used only for the classification of inpatient stays, while others
also include day cases and outpatients. Just as for acute care hospitals, the unit
of analysis for all of these systems is a specified episode of care, for which similar
resource use patterns can be identified.

The number of groups of different systems varies between 60 in Australia and 685
in France. In all countries, the principal diagnosis, that is, the diagnosis requiring
rehabilitation, is used as a classification variable. As resource use in rehabilitation
care depends strongly on the functional and cognitive status of patients, all sys-
tems also make use of these variables for the classification of patients into groups.
Functional and cognitive status is assessed in Australia, Canada and the USA on
the basis of the same instrument, that is, the functional independence measure
(FIM). Only France uses a different instrument to determine the functional and
cognitive status of patients. Unlike in acute care hospitals, where procedures
always play an important role for the classification of patients, procedures are
used only in France as classification variables for rehabilitation care.

In Australia, France and the USA, the systems have been primarily developed
for payment purposes. However, they are also used with the purpose of improv-
ing transparency, for example, by comparing length of stay for similar groups of
patients across providers (Meyer et al., 2012). In Canada, the main purpose of
using rehabilitation patient groups (RPGs) is to facilitate the review of resource
use by providers. The Canadian Institute for Health Information (CIHI) regularly
produces resource use reports comparing resource use by RPGs at different providers
(CIHI, 2011). In Australia, average length of stay by AN-SNAP category is pub-
lished by the Independent Hospital Pricing Authority (IHPA), and rehabilitation
facilities can benchmark themselves against the national averages (IHPA, 2014).

Efficiency measurement in rehabilitation care could potentially benefit consider-
ably from the availability of FIM scores at admission and discharge in several
routine databases, as these scores provide a meaningful measure for health
improvement. Consequently, average health improvement can be compared for
each case mix group across providers in relation to resource use (length of stay
or costs) at different providers (Amatya & Khan, 2011).
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lected countries

ies in se

Table 2.7 Classification systems for rehabilitation facilit

System Country .<2= when Based on Classification of Number of groups Classification variables Principal
introduced purpose and use
AN-SNAP  Australia (also 1999 FIM Inpatient stays, day 60 classes for rehabilitation e  Diagnosis requiring rehabilitation; Payment (depends
adopted by cases, outpatients (45 inpatient, 3 day case, 12 e Cognitive status (based on FIM); on region);
New Zealand) outpatient), further classes e  Functional status (based on FIM); transparency
for other areas of care o Age.
RPG Canada 2000 FIM Inpatient stays 83 RPGs e Diagnosis requiring rehabilitation; Transparency
e (Cognitive status (based on FIM); (resource use
¢ Functional status (based on FIM); review)
o Age.
GME France 2013 GHJ Inpatient stays, day 685 e (Principal) diagnosis requiring Payment (planned
cases rehabilitation; for 2016);
e (Cognitive status; transparency
e Functional status;
e Post-surgery indicator;
e Medical and rehabilitation
procedures;
e Age
e Secondary diagnoses (comorbidities);
e Day case status.
CMG USA 2002 FIM-FRG Inpatient stays 92 CMGs e Diagnosis requiring rehabilitation; (IRF PPS)
(Medicare) e (Cognitive status (based on FIM);

Functional status (based on FIM);
Age;
Comorbi

Source: Authors’ own compilation based on AHSRI (2012), CIHI (2011), MedPAC (2014a) and Ministére
des Affaires sociales, de la Santé et des Droits des femmes (2015).

Note: AN-SNAP
FIM

Australian national subacute and non-acute patient classification; CMG = case mix group;

functional independence measure; FIM-FRG

functional independence measure-functional related

inpatient

groupe médico-économique; IRF PPS =

GME

rehabilitation facility prospective payment system; RPG = rehabilitation patient group.

s
€es;

groupe homogene de journ

groups; GHJ
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2.4.2 Classification systems for psychiatric patients

Classification systems for psychiatric patients have been developed relatively
recently and are still under development in several countries (Kobel et al., 2011).
Table 2.8 shows an overview of patient classification systems used for psychiatric
patients in a selection of countries. In Canada and the USA, classification systems
were introduced in 2005. In Germany and England, they were introduced only
in 2013. In Canada, a new classification system was developed for psychiatric
patients on the basis of the interRAI Mental Health Assessment System, which
is an instrument for evaluating the needs of adults with mental illnesses. In the
USA, the MS-DRG system originally developed for acute care hospitals has
simply been transferred to psychiatric hospitals, where it has been used since
2005 for adjusting per diem payments to providers.

In fact, compared with classification systems for acute or rehabilitation care,
this is an important difference of classification systems for psychiatric patients.
The unit of analysis of psychiatric patient classification systems is usually the
(inpatient) care day, that is, the classification of patients does not lead to groups
of patients with similar costs per stay but to groups of patients with similar
costs per day. The reason for this is that the required length of stay of psychi-
atric patients is difficult to predict on the basis of diagnoses or other routinely
available data (Cotterill & Thomas, 2004). Nevertheless, psychiatric patient
classification systems allow comparisons of case mix across providers and enable
case mix-adjusted assessments of costs per care day.

There are considerable differences in the classification systems of the four coun-
tries shown in Table 2.8. In the Canadian and English systems, it is possible
to reclassify a patient into a different group after reassessment, if the clinical
condition has changed over time. In England, a patient’s mental health care
cluster (MHCC) determines the time period after which a reassessment (and
possible reclassification) becomes necessary, and the classification is independent
of the setting where a patient is treated. In Germany and the USA, a patient
is assigned to only one group for the duration of the entire stay in a psychi-
atric hospital. The number of groups varies between 21 in England and 77
in Germany. In addition, countries make numerous adjustments. In Canada,
the 49 SCIPP groups are subdivided into admission, post-admission and
long-term phases with different weights attached to each phase. In Germany,
supplementary per diem payments exist for days or weeks with high-intensity
care. In the USA, payments are adjusted for facility characteristics. Efficiency
analyses should also take into account these adjustments because comparisons
would otherwise be unfair. Classification variables vary considerably across
countries. While Canada and England use variables that are related to patient
functioning and patient needs, Germany and the USA place more emphasis on
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Table 2.8 Classification systems for patients treated by (inpatient) psychiatric care

providers in selected countries

System Country .<mm= when Based on  Classification of  Number of groups Classification variables Principal
introduced purpose and use
SCIPP Canada 2005 interRAI Inpatient care 49 SCIPP groups (with episodes e Primary and secondary diagnoses; Inpatient
(Ontario) Mental days (acute, subdivided into admission, post- e  Mental and physical symptoms; reporting;
Health long-stay, forensic admission and long-term phase e Social functioning; planned use for
Assessment  and geriatric); after 731 days) e Cognitive functioning; inpatient funding
System reclassification e Physical functioning;
possible after e Substance abuse;
reassessment e Short-stay status;
e Unemployed status;
e Behaviours (harm to self and others).
MHCC United 2013 HoNOS Care days (which 21 MHCC e Severity; Purchasing;
Kingdom may include e (linical need; planned use for
(England) inpatient, outpatient e Non-clinical need; funding
and/or community- e All assessed via modified HONOS
based care) + care instrument.
periods (for fixed
periods of time,
varying by cluster);
reclassification
possible after
reassessment
PEPP Germany 2013 - Inpatient (and 77 PEPP o Type of stay (inpatient versus semi-  Provider
(optional) semi-residential) (39 inpatient PEPP with weight, residential); payment
2017 care days, one 18 inpatient PEPP without weight, e  Type of provider (child versus adult,  (budget-neutral
(mandatory) PEPP per stay 6 semi-residential PEPP with psychiatric versus psychosomatic); introduction for
weight, 14 semi-residential PEPP e  Diagnoses (primary and secondary);  all hospitals in
without weight + supplementary e  Procedures (including codes for 2017)
payments for pharmaceuticals therapeutic interventions, intensity
+ supplementary per diem of care);
payments for high-intensity care) e Age.
MS-DRGs USA 2005 CMS-DRGs Inpatient care days, 17 DRGs + 17 comorbidity ¢ Diagnoses (IPF PPS)
(Medicare) one MS-DRG per adjusters + electronconvulsive e Procedures
stay therapy adjuster + facility-based e Age

adjusters + degressive LOS
adjusters

Health of the Nation Outcome Scales; IPF

diagnosis-related group; HoONOS

inpatient psychiatric facility prospective payment system; LOS = length of stay; MHCC

Source: Authors’ own compilation based on DoH (2013), InEK (2014b), InEK (2014c¢), Mason & Goddard (2009),

MedPAC (2014b), Monitor (2013), Ontario JPPC (2008), Perlman et al. (2013).
Note: CMS = case mix group; DRG

PPS

mental health care

Pauschalierendes Entgeltsystem Psychiatrie

System for Classification of In-Patient Psychiatry.

Medicare Severity diagnosis-related group; PEPP

Psychosomatik; SCIPP

clusters; MS-DRG
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diagnoses and procedures. In Germany, procedure codes capture the intensity
of psychiatric care provided to patients, including the number of therapeutic
sessions per week.

2.4.3 Classification systems for populations

Most countries with mandatory health insurance and competing health insur-
ers have developed risk adjustment systems to allocate capitation payments to
insurers. However, they can also be used for conducting case mix-adjusted efhi-
ciency analyses of all care provided to different populations. Table 2.9 provides
an overview of the classification systems used for populations in Germany, the
Netherlands and the USA, as well as the proprietary adjusted clinical group
(ACG) system. A predecessor system of the ACGs had been developed in the
1980s as ambulatory care groups with the aim of facilitating utilization review
and defining capitation-based reimbursement (Starfield et al., 1991). However,
most of the population classification systems have been introduced only since
the year 2000.

All systems shown in Table 2.9 classify the population into morbidity groups on
the basis of diagnoses or pharmaceutical consumption in addition to considering
certain demographic characteristics. In contrast to the patient classification sys-
tems for particular sectors, most population classification systems define groups
that are cumulative. This means that multimorbidity is taken into account by
classifying people into several groups (one for each type of morbidity) and the
cost weights of each group are added up to calculate the total predicted costs of
an individual. The ACG system is the only system that uses a different approach
and classifies people into groups that are intended to account for the total mor-

bidity of an individual patient.

Population classification systems can be used to calculate the CMI of entire
populations by adding up the cost weights for covered individuals. This enables
comparisons of the case mix-adjusted costs of coverage provided by different
insurers or of the case mix-adjusted costs of treatment provided by networks of
providers (for example, health maintenance organizations or accountable care
organizations).

Figure 2.4 illustrates the importance of using an appropriate population clas-
sification system when making such comparisons to avoid organizations with a
larger proportion of sick individuals being systematically disadvantaged in the
comparison. The figure shows the predicted costs of German sickness funds in
2009 and 2013 in relation to actual expenditure in the same year. Predicted costs
were calculated according to three different methods: 1) the old demographic

risk adjustment model; 2) the HMG-RSA morbidity model of the year 2009;
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Table 2.9 Classification systems for populations in a selection of countries

System Country .<8_. when Based on Classification Number of groups Classification variables Principal
introduced of purpose and use
HMG of Germany 2009 DCG/HCC SHI-insured V2015: 189 HMGs + e Ambulatory and inpatient diagnoses;  Capitation
the RSA Demographic adjustment e Age; payments to
+ disability adjustment + e Sex; sickness funds
residency abroad adjustment e  Disability (unable to work);
+ sick pay adjustment e Residency abroad;
Grouping is cumulative e Sick pay status.
(people can be grouped into
several HMGs)
PCG / Netherlands 2002 (PCGs), CDS People 20 PCGs, + 13 DCGs, + ¢ Inpatient diagnoses; Capitation
DCG 2004 (DCGs) resident inthe  demographic adjustment e Pharmaceutical consumption; payments to
Netherlands +nature of income + regional e Age; insurance funds
adjustment + socioeconomic e  Sex;
status e Income type (social benefits);
Grouping is cumulative * Region;
(people can be grouped into * Income;
several DCGs/PCGs) e Family size.
CMS- USA (Medicare) 2004 DCG Medicare V2014: 79 HCCs + e Ambulatory and inpatient diagnoses; ~ Capitation
HCC Advantage demographic adjustment o Age; payments to
enrollees + disability adjustment + e Sex; private insurance
Medicaid dual eligibility ¢ Disability status; plans
adjustment e Medicaid dual el
Grouping is cumulative
(people can be grouped into
several HCCs)
ACG and  Proprietary (Johns  Introduced Ambulatory  Covered 102 ACGs e All diagnoses (ambulatory, inpatient,  Population
various Hopkins), used in different care population other) + additional variables profiling; provider
systems at subnational countries/ groups depending on application, for profiling; resource
derived level in several settings at example, for Dx-PM: allocation
from it countries (for different ° m@m.“
example, Canada,  times © Sex;

Germany, Sweden,
United Kingdom)

o complicated pregnancy;
o pharmacy use;
o hospital condition;

o selected medical condition.

Source: Bundesversicherungsamt (BVA) (2014), MedPAC (2014c), Penno, Gauld & Audas (2013), Starfield &

Kinder (2011), VWS (2011).

diagnostic cost

Chronic Disease Score; CMS = case mix group; DCG

Note: ACG = adjusted clinical group; CDS

group; Dx-PM

Hierarchisierte

Hierarchical Condition Category; HMG
Risikostrukturausgleich; SHI = statutory health insurance.

diagnosis-based predictive model; HCC =

Morbidititsgruppen; PCG

pharmacy cost group; RSA =
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and 3) the HMG-RSA morbidity model of the year 2013. The CMI of sickness
funds (x-axis) is calculated based on the new model. Dots for individual sickness
funds found at the same level of CMI provide coverage to populations with a
similar average burden of morbidity. Differences in the expenditures of funds
that have the same CMI levels cannot be explained by the diseases that are taken
into account by the classification system, and must therefore be because of other
reasons; these could include unaccounted differences in morbidity, or differences
in efficiency. For example, one might consider that funds above the predicted lines
in Figure 2.4 may be comparatively more efhicient than the average fund, since
they secure costs below the predicted values at given levels of case mix severity.

Figure 2.4 Predicted costs of German sickness funds in relation to expenditure
(predictive ratio) by CMI of funds, 2009 and 2013

1.3 7
L]
125 1-&
L ]

% 1.2 1 L 4

<

=)

5 115 - 2

5 L] L}

g
c 8 11
ieie}
B2 105
o C
=
= 0
R 9
T O
© O
- E 0.95

o

3

& 09

0.85 +
0.8 T T T T T T T T 1
0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5
HMG-RSA-based Case Mix Index of Sickness Fund

Key
* Demographic adjustment + HMG-RSA morbidity 4 HMG-RSA morbidity

(pre-2009) adjustment (in 2009) adjustment (in 2013)
— Demographic adjustment — HMG-RSA morbidity - HMG-RSA morbidity

(pre-2009) adjustment (in 2009) adjustment (in 2013)

Notes: Based on data provided by the Federal (Social) Insurance Office (BVA). CMI = case mix index; HMG
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As shown by the red (trend) line, the demographic risk adjustment model used
before 2009 did not adequately adjust for the higher costs of treatment for funds
insuring a larger proportion of sicker individuals, that is, funds with a high CMI
tended to have a higher expenditure than predicted by the model. By contrast,
funds with a low CMI (providing coverage for relatively healthy individuals)
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tended to have a lower expenditure than predicted. The introduction of the
HMG-RSA-based morbidity adjustment in 2009 considerably improved the
ability of the system to predict the expenditure of individuals insured by differ-
ent sickness funds and reduced the systematic undercompensation of funds with
a large proportion of sicker individuals. In subsequent years, the ability of the
HMG-RSA to adjust for undercompensation of the system was improved even
further (as indicated by the green trend line for the year 2013 in Figure 2.4).

2.5 Conclusion: advantages and limitations of patient
classification systems

As stated at the beginning of this chapter, the ideal output measure for health
systems and health care organizations is a measure of health improvement.
However, most efficiency analysis has to content itself with measuring intermedi-
ate outputs, such as hospital inpatient stays or ambulatory care visits, which are
meaningful only if they take into account the mix of different types of patients
(or cases) treated by different providers.

Patient classification systems help to define different types of patients (or health
care products) and to quantify differences in complexity on the basis of cost
weights attached to each group of patients. As shown in Section 2.3, the clas-
sification of patients into DRGs enables several useful comparisons of hospital
costs in relation to outputs to be made. Similar analyses are possible for other
areas of health care by using classification systems that have been developed for
different health care sectors and for entire populations (see Section 2.4). However,
there are important limitations that have to be taken into account when using
DRGs or other patient classification systems for case mix-adjusted efficiency
analyses across providers or across populations.

2.5.1 Limitations of efficiency analyses based on DRGs or other
patient classification systems

Case mix-adjusted comparisons of efficiency across providers should not be
interpreted as perfectly accurate and fair. Just as with any other statistical analysis,
random variation may contribute to considerable uncertainty concerning the
estimated efliciency levels of providers. This is particularly problematic if provid-
ers treat only relatively small numbers of patients falling into a particular DRG
(or any other group of patients). Consequently, efficiency comparisons should
generally be published together with confidence intervals to indicate the level of
uncertainty surrounding efficiency estimates. In addition, there are at least four
other factors that may systematically bias estimates of efficiency analyses based
on DRGs or other patient classification systems.
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First, DRGs or other groups of patients defined by classification systems account
for only a limited set of factors that influence the costs of care. If certain providers
are more likely than others to attract more complex patients within each group of
patients, they will inevitably have higher costs. Research has shown that certain
patient-level factors beyond those captured by DRGs have a significant influence
on costs of care (Busse, 2012; Laudicella, Olsen & Street, 2010) and hospitals
can systematically differ concerning these characteristics (Mason et al., 2010).
Recognizing that certain hospitals may attract a larger share of high-risk patients
within each DRG, reimbursement systems usually adjust for outliers to protect
providers from the risk of having cases with extremely high costs (Cots et al.,
2011). Regression-based efliciency analyses can control for additional case mix
factors (beyond those considered by DRGs) to enable fairer hospital comparisons
(see Figure 2.2 and Street et al. (2012)) Nevertheless, even if such adjustments
are made in efficiency comparisons, they will never be able to completely control
for differences in case mix across providers.

Second, efficiency comparisons on the basis of DRGs do not take into account
the quality of care provided by different hospitals. Certain hospitals may provide
higher quality of care at higher costs, for example, by employing better skilled
nurses or physicians, which would not be adequately reflected in efficiency com-
parisons. Parallel systems for comparisons of quality are needed to enable fair
assessments of provider performance, taking into account both efficiency and
quality, even if available studies have shown mixed results on the relationship
between costs and quality (Gutacker et al., 2013; Hikkinen et al., 2014; Hussey,
Wertheimer & Mehrotra, 2013). For example, as part of the EuroDRG project
Hikkinen et al. (2014) compared both costs and quality (measured in terms of
survival) in the treatment of patients with AMI and stroke in the hospitals of
five European countries. They did not find a clear cost/quality trade-off except
in Sweden, where hospitals with higher costs in the treatment of AMI patients
also had higher-quality care.

Third, DRG systems and most other patient classification systems focus only on
one particular care setting and ignore potential interactions between the costs
in one setting and those in another (for example, higher rehabilitation costs
related to lower costs because of earlier discharges in acute care hospitals). This
is an important drawback, in particular when comparing efhiciency of providers
across countries. This drawback of classification systems focusing on particular
settings could only be overcome by population-based analyses (see Chapter 3).

Fourth, data quality plays an important role. DRGs and other groups of patients
are defined on the basis of administrative data generated by providers. On the
one hand, inaccuracies in the registration of diagnoses and procedures by provid-
ers may lead to misclassification of patients into incorrect DRGs (Sutherland &
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Botz, 20006), and consequently lead to biased comparisons. On the other hand,
cost weights of individual DRGs can be incorrect if they are calculated on the
basis of inaccurate hospital cost accounting systems (Tan et al., 2014). For
example, if the allocation of overhead costs to patients is imprecise, the cost of
high-complexity patients might be systematically underestimated (see Chapter
4), which would lead to inappropriately low weights for high-complexity DRGs.
Therefore, data quality should be carefully monitored to ensure that comparisons
are made on the basis of valid data.

Finally, while efficiency analyses can make transparent the differences in costs
per DRG across providers, certain providers may have justifiably higher costs
per DRG because of factors that are beyond their control. For example, certain
providers may face higher input prices because they are located in areas where
costs of land and salaries are higher. Other providers may have higher costs because
of regulatory demands concerning the availability of equipment (for example,
MRI scanners in rural areas), which may not be used at full capacity because of
insufficient numbers of patients, thus leading to higher unit costs. DRG-based
payment systems often adjust for these differences by adjusting payments for
these factors, for example, a market forces factor in England or a wage index
in the USA. Efficiency analyses across providers could use similar approaches if
they aim to make fair comparisons across providers.

In summary, because of both random variation and potential systematic differ-
ences across providers, results of efficiency comparisons should not be taken as
completely precise. Nevertheless, comparisons across providers are very useful
because they may help to identify those providers with the greatest potential
for improvements in efficiency, that is, those with substantially higher costs per
unit of output.

2.5.2 Other benefits of patient classification systems and options for
the future

A patient classification system defines clinically meaningful and economically
(relatively) homogeneous groups of patients. These groups are useful for efficiency
analyses as they allow adjusting for provider case mix. However, the most impor-
tant benefit of having a patient classification system is that it provides a product
definition for managers and clinicians who can consequently work together in
optimizing treatment processes for a specified group of patients (Fetter, 1991).
Some of the examples in Section 2.3 illustrate how DRGs can be used to improve
hospital management, for example, by making higher costs of care for the treat-
ment of similar patients transparent or by identifying high-cost outliers within
DRGs. Regression-based case mix adjustment methods relying on multiple vari-
ables for individual risk factors are usually better at controlling for differences in



®

Measuring and comparing health system outputs 47

case mix across providers than DRGs. However, because these methods do not
provide a product definition, they do not provide a tool to analyse the patient
case mix in a way that can improve treatment processes (Goldfield, 2010).

Patient classification systems always use routine administrative data sets to define
groups of patients. As a result, data on all treated patients can be used for com-
parisons across providers. By contrast, case vignettes — explicitly defined patient
care scenarios — always focus on only a very particular type of patient defined
by specific criteria to identify identical cases across providers. On the one hand,
the ability of vignettes to control for patient and treatment characteristics has
important advantages when comparing costs across providers, in particular if
located in different countries (Busse, Schreydgg & Smith, 2008). On the other
hand, narrowly defined vignettes may be too restrictive for identifying differ-
ences in treatment processes across providers. Furthermore, a provider might
have high costs for the treatment of one type of patient but might have low costs
for the treatment of other types of patients. If efficiency is measured for only a
few specific types of patients (vignettes), the results of efficiency comparisons
might identify hospitals as providing inefficient care (for these patients), while
they are, in fact, efficient when looking at all patients.

Comparing efficiency of providers across countries is particularly difficult (Busse,
Schrey6gg & Smith, 2008; Hikkinen & Joumard, 2007; Medin et al., 2013;
Street et al., 2012). First, population differences beyond those measured by
case mix adjustment, for example, concerning socioeconomic status or cultural
expectations, may influence results. Second, treatment patterns differ across
countries, for example, concerning whether rehabilitation takes place within the
same hospital admission or at a different institution, implying that provider-
based efliciency assessment can be misleading. Third, as shown in Section 2.2,
many countries use their own national version of DRGs that cannot simply be
used for international comparisons because of substantial differences concerning
how groups of patients are defined in different systems. Fourth, coding systems
and coding practices differ across countries (see Table 2.1), which means that
diagnoses and procedures registered in different countries have to be mapped
to a common coding system if the aim is to group patients into a common
patient classification system. Fifth, cost accounting methods differ across coun-
tries, for example, concerning the inclusion of capital costs, physician costs or
the apportionment of overheads, which means that costs are not comparable.
Finally, adjusting for differences in input prices across countries is quite complex
(Schreydgg et al., 2008).

Because of these problems, the EuroDRG project decided not to compare the
efficiency of hospitals across countries but to limit comparisons to hospitals
within the same country — although using a standardized methodology (Street
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etal., 2012). Countries that have a common patient classification system, such
as the NordDRGs in Nordic countries, can use this system for cross-country
comparisons (Medin et al., 2013). The OECD and Eurostat have recently
developed a methodology for comparing the prices of hospital outputs across
countries (Koechlin et al., 2014), using an approach similar to that used by the
EuroDRG project for DRG price comparisons (Busse et al., 2013). The OECD/
Eurostat approach has defined 32 hospital products (or groups of patients) by
using diagnosis and procedure codes that are translated into national coding
systems. In a way, this approach creates 32 meta-DRGs that could be used as a
starting-point for the development of methods for the comparison of hospital
efficiency across Europe, for example, by developing a EuroDRG system.

The starting-point of this chapter was the observation that the ideal output
measure for efficiency comparisons is a measure of health improvement. If it were
possible to estimate average health improvement for different groups of patients,
for example, the average number of QALYs gained per DRG, it would be possible
to convert groups of patients defined by classification systems into measures of
health improvement. However, current DRG systems are not designed to define
groups of patients that benefit in a similar way from treatment. Nevertheless,
adopting the basic idea of patient classification systems, future measures of health
improvement are not inconceivable, at least for certain high-volume cases. For
example, systems could be developed that would define groups of patients with
similar characteristics (for example, based on diagnosis, severity and functional
status) who would be likely to benefit in a similar way from particular types
of treatment (medical or surgical procedures), while still having similar costs.
Ultimately, such an approach could advance measurement of efficiency and move
health systems towards more efficient delivery of care.
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Chapter 3

Using registry data to compare
health care efficiency

Reijo Sund and Unto Hikkinen

3.1 Introduction

One of the main hurdles in efficiency measurement is figuring out how to evalu-
ate the specific role of health services as a determinant of health outcome or
disease progression. Variations in health occur not only because of differences
in treatment and provider-level factors, but also because of person-level varia-
tions; a key challenge is to distinguish between the two, with treatment- and
provider-level variations being of primary importance for analysts interested in
assessing health care efficiency.

In this chapter, we describe a methodological approach with this objective in
mind that makes use of routine registry data. The general idea is that by using
detailed registry data, patient variations can be better accounted for so that vari-
ations in health care output are measured more accurately. This is accomplished
by accounting for detailed patient information and following the treatment
pathways of patients both over time and across multiple providers. Information
on patient episodes of care can be used to derive adjusted measures that are then
comparable between appropriate subpopulations, regions or providers.

Previously, this type of data on the relative performance of service providers was
used to identify best practices or what worked (Hikkinen & Joumard, 2007).
More recently, this kind of information has been used as a basis for paying for
performance (Cashin et al., 2014). In addition, reliable information on provider
effectiveness is essential in systems in which patients can choose their provider.
In this chapter we focus on meso level analysis (that is, to the case mix- or risk-
adjusted comparisons of service providers) and use a disease-based approach,

because the health gains of activities can be measured most accurately at disease
level (Hikkinen, 2011; Hikkinen et al., 2013).
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One of the main obstacles to institutionalizing this type of measurement has
been the lack of appropriate data in most countries. While advances in informa-
tion technology have made it easier to produce and store all kinds of data, the
empbhasis has commonly been on the technical aspects of data collection and not
on the information itself (Shani, 2000). As the data were originally produced for
other purposes than for performance assessment, the transformation of secondary
data into useful information is challenging (Sund et al., 2014).

Essentially registry data is a type of big data. A register is an information system
that continuously records event-based data for a particular, complete set of
patients. A register contains a logically coherent collection of related data with
some inherent meaning, typically reflecting events that have occurred, such as
all treatment information for patients with a particular disease. Register data are
micro level data and each event can be linked to some individual and all events
that have occurred for some individual can be linked together. Most of the registers
are either administrative or quality registers. To be useful for research purposes,
the structure and completeness of the data sources must be well documented

and stable (Sund et al., 2014).

Recent OECD reports indicate that the infrastructure of national data is improv-
ing across countries and the technical capacity to analyse and report from personal
health information data assets is greater today than it was even just five years
ago (OECD, 2013, 2015). As this data infrastructure grows and more suitable
data become available, the real bottleneck emerging is the ability to transform
these data into useful information (Sund, 2003). In this chapter we present an
approach to use routinely collected register-based data to its greatest potential.
First, we give a general description of our methodological approach to develop
selected indicators from registry data, and describe how to use these to profile the
efficiency of providers. We then consider how this approach can be extended to
international comparisons; finally, we discuss possible implications for the future.

3.2 Using registry data to define episodes of care

Registers, and particularly administrative registers, generally contain data on
observable events that reflect whether an individual used certain health services at
a particular moment in time. These event data provide a good sense of a patient’s
pathway through the health system. By linking patient-specific event data for a
series of events that are linked to a particular health problem or disease, we can
construct what we call a single patient’s episode of care. Grouping patient events
into disease-specific episodes of care can be useful for evaluating simple health
care processes. It also moves the focus of quality of care away from a discrete
service to an examination of the trajectory of patient care across providers, thus
highlighting the challenges of care coordination.
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All of the conditions detailed in this chapter are typically treated in hospitals,
which in many countries have detailed data available for analysis. There are also
possibilities to evaluate chronic diseases, such as diabetes, which are mainly
treated in primary care using this type of approach. However, in such cases
determining interesting events is quite different from the basic application of
the methodological approach described herein.

A central consideration in defining an episode of care is to identify the
starting and end-point of the episode. For particular conditions or patients,
this may be easier than others. For example, acute disorders such as hip
fractures, stroke and AMIs, have well-defined starting points and are resolved
in a rather short time. Other conditions that also have well-defined follow-
up times include care related to childbirth and care of pre-term infants.
However, other disorders may have fuzzier starting points or require a longer
follow-up, making the episode of care more complicated to construct. Such
conditions include breast cancer, knee and hip arthroplasty, back surgery and
schizophrenia.

A further challenge in defining the episode of care relates to dealing with the
heterogeneity of patient needs, which may lead to different patterns of care emerg-
ing for patients with the same condition. For example, some patients may suffer
from more than one condition, and thus also require acute or elective care that
is unrelated to the episode, which can complicate the interpretation of the data.

In practice, the aim of constructing an episode of care is to use the data available
in the registers to make the process of care visible across the entire treatment
pathway. The main observable events in the register data are (re)admissions, opera-
tions, discharges, deaths, outpatient visits and medication purchases. To model
the episode of care appropriately, the nature of the disease and the characteristics
of the patient must be taken into account, since these are key factors affecting
treatment decisions. An example of a possible episode of care is presented in
Figure 3.1. This figure illustrates how different observable events in the data can
be joined to form a total episode of care, which outlines the entire treatment
pathway comprising distinct episodes of care across separate care settings (such
as inpatient and outpatient care).

The next step is to categorize the service usage data available, and identify
the level of care and the need for care. The idea is to identify a patient’s pos-
sible state at each point in time based on transitions across a set of loci of
care. Heterogeneity among patients may account for variations in the levels
of care, in terms of the intensity of care and type of service (for example, if
one patient has a more severe case) and thus are important to consider, while
information on patient characteristics will allow differentiation in determining
the need for care.
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Figure 3.1 Example of a care episode
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Hypothetical state spaces are well suited to describing general care episodes,
but in practice, separating the care processes from the outcomes using this
approach turns out to be more challenging. One way to conceptualize health
outcomes using this approach is to consider possible changes in health status
according to the available process data, since direct measures of health status
are usually not available in registry data. In general, by assuming that patients
are not treated randomly, one can assume that the decision to treat a patient
in a given care setting reflects the appraised need for care. In other words,
admissions and discharges from different types of institutions or the type of
home care provided (home services/caregiver) can be considered to reflect some
kind of qualitative changes in health status. For example, discharge to home
usually means that a patient’s health status is considered good enough that
they probably can manage at home, while prolonged care or acute admission
after discharge home typically reflects some kind of problem. Death is also a
clear indication of health status. Box 3.1 provides a detailed illustration of an
episode of care for a hip fracture.

3.3 Constructing indicators based on episodes of care

Once the care episode has been defined, it is possible to construct indicators that
describe and evaluate interesting aspects of the treatment pathway, particularly
regarding processes, costs and outcomes. The details of the indicators will likely
vary depending on the health condition being investigated, but in general the
main types of process and outcome measures extractable from register-based data
remain similar. Example indicators for the hip fracture case are briefly described

in Box 3.2 (Sund et al., 2011).
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Box 3.1 /lustration of the construction of an episode of care for a hip fracture

To illustrate the construction of an episode of care, consider the example of a hip fracture case.
The first task in the construction of a hip fracture episode is to identify the beginning of the
episode. A natural choice for an index event to signal the beginning of the episode could be the
hospitalization of the patient after their first hip fracture, as shown by the data.

The next step is to categorize the service usage data available from the point of view of the
hip fracture, and identify the level of care and the need for care. The patient’s possible state at
each point in time is based on transitions across a set of loci of care. In this example, classifying
patients according their residence (home or institution) before the fracture is one way to ensure
the study population is sufficiently homogeneous, and account for differences in care.

In the case of a hip fracture, the following four different loci of care can be identified from the
data. These can be considered to correspond to different levels of care, and are listed in increasing
order of intensity:

1. home (including different types of home care, ordinary assisted living facilities and outpatient
care);

2. nursing home (service houses with 24-hour assistance and residential homes);

3. health centre (inpatient ward of local primary care unit);

4. hospital.

In addition, a death state can be considered as the fifth possible state. More detailed classification
(separating, for example, the types of home care and assisted living) may be possible if such
data are available. Using these loci, we can construct different potential care pathways. The state
space describing possible movements for a model of hip fracture care pathway is presented
graphically in Figure 3.2.

Figure 3.2 State space for the hip fracture care episode

Initial hospitalization for Health centre

a hip fracture
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These steps allow us to put together the key events in the hip fracture treatment episode, as
illustrated in Figure 3.3. In Figure 3.3, the hip fracture care episode is defined as starting on
the index day, that is, the date of first admission to a surgical ward after the hip fracture. The
next interesting event is surgery; the time between admission to a surgical ward and surgery is
called the operative delay. The following event in Figure 3.3 is a kind of double event showing
that the patient was discharged from the surgical ward to the rehabilitation ward. The time
between the index day and first discharge (or death) is known as the index period and it usually
corresponds to the length of stay in the surgical ward. The first hospital episode is defined as
beginning on the index day and terminating at the first discharge to home, death or after four
months of continuous inpatient care. The first hospital episode describes the acute phase of hip
fracture treatment. If treatment continues for more than four months without discharge home,
the patient is defined as a long-term care patient, because most discharges home are known to
happen before four months. The follow-up period ends one year after the index day or at death,
whichever happens first. In the example in Figure 3.3, the patient stays at home for some time
after the first hospital episode, but is then admitted to hospital where they finally die and the
follow-up terminates.

Figure 3.3 Example of key events in the hip fracture treatment episode
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Box 3.2 Examples of register-based indicators for the hip fracture case

Background
e Number of patients
e Mean age
e Male share

Distribution of fracture types:
femoral neck fracture;
pertrochanteric fracture;
subtrochanteric fracture.




®

Using registry data to compare health care efficiency 59

e Proportion of patients in long-term care

e Proportion of patients admitted from home

e Number of days in home during 90 days before the fracture
e Proportion of patients with certain comorbidities

Process and cost

e Proportion of patients with operative delay longer than 2 days
e Type of operation:
non-cemented semi-prosthesis;
cemented semi-prosthesis;
total prosthesis;
osteosynthesis;
no operation.
e The length of index admission, days (first surgical hospitalization without hospital
transfers)
e Length of first hospital episode, days
e Use of services during the first year following fracture:
specialized hospital inpatient care, days;
health centre inpatient care, days;
nursing home type of care, days;
number of outpatient visits in specialized hospital.
e Costs of index admission (€ per patient)
e Costs of first hospitalization (€ per patient)
e One-year hospital costs (€ per patient) including outpatient visits
e Proportion becoming long-term care patients (proportion of patients with at least 120 days
of ontinuous inpatient care after the hip fracture)

Outcome

e 30-day mortality (%)

e 120-day mortality (%)

e (One-year mortality (%)

e Proportion of patients at home (day 30)

e Proportion of patients at home (day 120)

e Proportion of patients at home after 365 days following the fracture
e Qccurrence of a complication

e Readmission/reoperation

Special indicators

e State diagram
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Indicators related to process and cost describe the treatments provided during
the care episode. Register-based data are a fruitful resource for these kinds
of indicators. Some of these indicators are descriptive, such as the type of
surgery or prescriptions for certain types of medication. Others are pseudo-
outcome indicators that can be derived from the observed admission states
of the patients, such as the proportion of patients at home since a given time
from the index event. Another type of indicator reflects the time between
interesting events, such as the time from initial admission to surgery or
length of stay in hospital or rehabilitation ward; comparing variations in the
time between such events among similar groups of patients may provide an
indication of efficiency. Finally, cumulative measures, such as the number
of hospital days, outpatient visits and home visits during the year can also
be of interest.

One challenge in using registry data is that there are limited outcome indica-
tors available in register-based data. Thus, the actual effectiveness of treatment
(change in health status) must usually be inferred indirectly from the process
measures, as mentioned earlier. The few outcome indicators that are available
are mortality and occurrence of adverse events, such as complication or reopera-
tion. In certain cases, the ability to return to the same or lower level of care than
before the beginning of the care episode may be considered to reflect a successful
outcome, but usually this still describes the process rather than the outcome. A
possible outcome indicator in the case of hip fractures is days at home with and
without receiving additional care.

One special type of indicator that can be constructed using this approach is a
state diagram. The idea is to use the defined state space of patients during the
care episode and then simply calculate the proportions of patients in each state
at each given point in time. An example of a state diagram for a hip fracture
is illustrated in Figure 3.4. State diagrams capture a lot of easily interpreted
information in a compact visual form. Similar approaches can be extended to
reporting of even more detailed data in simple but informative visualizations. It
is also possible to calculate some kind of crude approximation for health status
by using suitably weighted daily states, that is, the observed levels of care can be
associated with the average health status of patients.

The costs of treatment are very important, particularly for the construction of
efficiency metrics using this approach. Unfortunately, in most cases the exact
costs incurred at the patient level are not available. Instead, costs must be esti-
mated by weighting the available data on resource use appropriately, that is, by
giving each identifiable cost item (surgery, hospital days, medication purchases)
a certain price (based on DRGs or mean per diem costs in a DRG group) and
then simply summing these up to estimate the costs of treatment (Geue et al.,
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Figure 3.4 State diagram for hip fracture patients in Finland
100 Key

[l Death

Il Hospital

B Health centre

80

¥ Nursing home

60 Home

%

40

20

0 T T T T T T
10 15 30 60 90 120 180 365

Days after fracture (logarithmic scale)

2012; Iversen et al., 2015; Peltola et al., 2011). This inevitably means that such
treatment costs are only crude approximations that are certainly wrong for each
individual, but still useful for group-level comparisons between care providers.
An extra challenge when deriving costs is that after the death of a patient, costs
drop to zero, which will severely bias comparisons (that is, bad effectiveness may
result in low costs because so many patients died in the early phase). This must
be taken into account (Hikkinen et al., 2014).

To evaluate performance of the entire treatment pathway, it is also important
to have information on costs after the initial hospital episode. Such costs can
account for about 50% of total hip fracture costs in the year after index admis-
sion (Figure 3.5). Moreover, differences in costs over one year across the four
cities in Figure 3.5 seem to be explained by institutional care costs that occurred
after the first hospital episode.

3.4 Comparing provider performance: the need for risk
adjustment

In addition to using register-based data to describe the processes, outcomes and
costs related to certain diseases and conditions, data can be used to assess and
compare the effectiveness or efficiency of providers. To assess providers, some
benchmark of good performance is required. Since absolute benchmarks may
be difficult to define, it is much more common to compare service providers
to each other.
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Figure 3.5 Hip fracture costs per patient in four Finnish cities 2009-2010
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The challenge is that variations across providers may occur for a number of

reasons, and not be explained only by differences in provider performance.

Differences may result from random variation related to the size of the provider,

or data errors or differential coding practices. Differences may also result from

variations in patient case mix from provider to provider. Variations could also be

attributable to external environmental factors (for example, geography). Since,

the main interest to policymakers is usually to identify performance variations,

it is important to control for sources of variation as much as possible. This can

be done by using risk adjustment.
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Without risk adjustment, any observational study will be biased if the populations
to be compared have differences in observed or unobserved background factors in
ways that confound the outcomes of interest. In practice, risk adjustment involves
controlling for differences in external factors that may hide the interesting varia-
tion. The challenge (and solution) is to find data on background variables, such
as comorbidities, that can explain these variations. While background variables
may be interesting to report in their own right, they are particularly useful for
risk adjustment.

Register-based data cannot identify all potentially interesting variables to adjust
for, but as long as linking the registry across to other registries is possible, so that
the historical events of an individual can be extracted from the registers, then
there is a potential breadth of suitable individual-level data available. In general,
it is useful to develop a conceptual model that identifies the relevant factors that
are known to have a potential confounding effect on the outcome of interest,
and then evaluate the possibility to find relevant data from the registries.

In the case of a hip fracture, these confounders could theoretically include
background variables such as biological measures, demographics, socioeconomic
status, health-related behaviour, subjective quality of life, objective need for care,
use of care, accident/fall history and hip fracture event. Of these, some biological
factors do not change over time and therefore only one measurement can apply
for all time periods. Biological events, accident/fall history and hip fracture events
represent dimensions for which values are recorded in the proximity of some
actual event. All other dimensions relate to phenomena that potentially change
over time and should be continuously monitored. In practice, these are likely
to be collected separately from the registry and only recorded at fixed intervals
(rather than corresponding to particular events of interest).

Comorbidities are always important background variables to control for. The
traditional approach is to use data on certain diagnoses to identify comorbidi-
ties. The most common comorbidity conditions are the ones defined for the
purposes of the Charlson and Elixhauser indices. Because the data in many
databases (for example, hospital discharge registries) are recorded at the time of
discharge (that is, after surgery), they may include information that is related to
the actual care delivered and thus reflect the quality of care provided; this would
not be suitable for risk adjustment. Rather, only comorbidity data gathered from
close to the time of index admission should be used. Another source to identify
comorbidity conditions are the prescriptions registers, because for many drugs,
there is only one primary condition for which that drug is prescribed. There
may also be comorbidity clues in reimbursement system data; for example, in
Finland, people receive compensation for the purchase of drugs if they have
certain chronic diseases.
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3.5 Adjustment techniques

Risk adjustment is not without challenges. It can only be done for covari-
ates that are observed and for which darta is available. Moreover, it is not
always straightforward to select the suitable adjustment method, because
many exist. If the outcomes of interest are not fixed beforehand or are mul-
tivariate responses, the easiest and most convenient approach is to perform
matching based solely on the descriptive background variables. This results
in (hopefully) comparable subpopulation groups. Propensity score methods
may prove useful if several variables are to be matched. Unfortunately,
matching with more than two groups (that is, with several providers) is

often difficult.

A common approach is to adjust using regression techniques. The drawback to
these techniques is that they require the outcome variable to be fixed beforehand,
as the adjustment requires modelling for each outcome separately. The problem
with regression-based adjustment is that it distorts the reality reflected in the
observed data by converting the numbers to predictions given by a model that
is designed to eliminate uninteresting variation from the outcome. Crudely, the
intuitive idea in such adjustment is to do the comparison by treating similar
patients in each provider using the model.

The standard approach in such modelling is to calculate the predicted values
given by the model for the providers and compare observed versus predicted
ratio. Logistic regression can be used for the binary outcomes and other general-
ized linear models (GLMs) for other types of outcomes. For example, costs are
commonly modelled using GLMs with gamma distribution and logarithmic link
function. Time-to-event analyses are more difficult to perform with an observed
versus predicted technique.

When the different providers are concerned, it is easy to claim that there is a
hierarchical structure that should be taken into account in comparisons, that
is, that patients treated by the same provider might be somehow correlated. As
a possible solution, hierarchical multilevel models have been suggested (Ash,
Schwartz & Pekdz, 2003), but in practice the use of complicated models may
be out of the question because they are demanding and require an analyst to
be responsive in the case of (common) convergence problems while estimating
hundreds or thousands of models.

3.6 Examples of efficiency considerations

In efficiency analyses, the main interest is typically the connection between
inputs and outputs, and often the connection between costs and outcomes.
With register-based data, some outcome indicators are available, but as described
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earlier, costs are not usually directly observed, but rather, are only approxima-
tions calculated on the basis of the observed resource use. For example, if we
consider the care episode for hip fracture patients, we know that that there are
two main components contributing to costs: the surgery-related costs and the
costs of follow-up care. However, often only the normative or expected costs
are available.

From the Finnish data, we can observe the DRG group of the performed
procedure as well as the actual procedure code. Based on the detailed costing
data from one hospital district, we estimated the expected costs for each com-
bination. These surgery costs are not the real costs of any single surgery, but
estimated average costs of the same types of surgery. Although the DRG-based
prices contain all of the acute surgery-related costs, they do not reflect differ-
ences in follow-up care including rehabilitation. Therefore, we also calculated
the costs of all observed inpatient treatment and outpatient visits to hospitals.
We know the level of care and the actual institution and can attach average
prices for that type of care for each day to calculate the per diem costs. In
the Finnish data, the costs of medication purchases are also available and we
can include those that are relevant for the current disease group. Summing
up the procedure, per diem costs and other observed costs result in estimated
total costs. It is obvious that these costs are only approximations as they are
nothing but weighted sums of observed resource use. As we are using aver-
ages, all individual-level costs are actually incorrect, but at the group level
costs are fair approximations of costs. In actuality, this reflects the fact that
costs are often less objective or observable measures than commonly thought

(see Chapter 4).

Among hip fracture patients in Finland, there is only a small correlation between
costs and outcomes. This may well be the case, but we must remember that in
the conceptual sense the use of all observed care to calculate costs in a way is
mixed up with the observed outcome, which is also an observable event of care
history. So, in reality, such analyses may not get at the input—output relationship
we are interested in when looking at efficiency analyses.

It may also be interesting to model the contribution of certain provider-specific
factors to outcomes as a way to better understand provider efficiency. One
potentially interesting factor could be the connection between the volume and
outcomes of the provider. In the case of a hip fracture, the most obvious choice
is to consider how the volume of hip fracture surgeries is related to outcomes.
This could potentially provide an indication of allocative efficiency (AE) if poli-
cymakers are trying to decide whether it is better to allocate resources for hip
fracture surgery to certain providers (that is, those with greater experience), or
whether experience is not a major factor determining health outcomes.
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Somewhat surprisingly, the hip fracture surgery volume was not associated with
better or worse outcomes in Finland (Sund, 2010). However, when the volume
of hip fracture patients at rehabilitation units was considered, statistically sig-
nificant volume relation was found: in units where >25 hip fracture patients
per year were rehabilitated, their outcomes were better (Figure 3.6). The actual
reasons can only be speculated on, but are likely related to greater experience in
hip fracture treatment among these providers.

Figure 3.6 Association between the volume of the rehabilitation unit and
mortality among Finnish hip fracture patients aged >65 years living at home before
the fracture in 1998-2001
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Notes: The x-axis represents the volume of the pooled number of treated hip fracture patients in a rehabilitation
unit during 1998-2001 in Finland, and the y-axis represents the four-month risk-adjusted mortality. The dots
represent the rehabilitation units (#=272). The solid line is the trend from the mean model, the dashed line
is the trend from the linear model and the dotted line is the trend from the spline model. DIC = deviance
information criterion.

3.7 International comparisons

The approach outlined in this chapter to construct episodes of care has worked
very well in Finland. As applied through the PERFormance, Effectiveness,
and Costs of Treatment episodes (PERFECT) project, this method produced
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hospital and district indicators annually for several conditions (Hikkinen,
2011). Implementation of such register-based performance evaluation systems
requires — in addition to the availability of comprehensive data and methodo-
logical understanding — a multidisciplinary approach. Specific health system
knowledge is essential for deciding the scope and specific questions to be
addressed, and must be supplemented with clear understanding of the possibili-
ties and limitations of register information. Clinical knowledge is needed when
appraising details of the indication and management of a disease, and economic,
epidemiological, statistical and data processing expertise are required to ensure
that the methodology is appropriate. All of the expertise must be integrated
during the entire process.

The whole analysis procedure has been extended to international performance
monitoring in the European Union (EU)-funded European Health Care
Outcomes, Performance and Efficiency (EuroHOPE) project (Hikkinen et
al., 2013, 2015a). EuroHOPE is the first project to concretely map the pos-
sibilities to perform register-based performance monitoring in several European
countries in a comparable way, that is, by allowing international comparisons
in addition to national comparisons. Another pioneering project that has
examined the possibilities to extend a similar approach to longer follow-up
of diabetes patients in an international context is the EuroREACH diabetes
case study.

3.8 The EuroHOPE project

In the EuroHOPE project (Hikkinen et al., 2013, 2015a), an international
comparative database was constructed that allows performance indicators to
be calculated at national, regional and hospital levels for several different
disease groups (Figure 3.7). In the EuroHOPE project, the performance
indicators were developed in collaboration with clinical experts in the dif-
ferent disease groups, and with experts in health economics, epidemiology
and statistics.

The disease-based approach requires patient-level data covering the whole
population and the possibility to deterministically link records from differ-
ent national registers. In the seven countries (Finland, Hungary, Italy, the
Netherlands, Norway, Scotland and Sweden) included in the EuroHOPE pro-
ject, it was possible to link national hospital discharge registers with mortality
registers and with registers of medicines prescribed. In Italy, similar data were
available for two geographical areas. All databases present population data that
reflect patterns of care and outcomes for the entire population residing in the
defined territories.

67
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Figure 3.7 The EuroHOPE international comparative database

EuroHOPE
research and
National Protocols }
discharge defined B Ig)
register by disease
experts / \
i ; National International
National National
mortality > EuroHOPE EuroHOPE , SRSl
register database comparison comparison
data data
\ / Anonymous,
Other individual-level
national data used for
registers National research comparative
and benchmarking research

Source: Hikkinen et al. (2013)

The EuroHOPE project followed the ideas of the PERFECT project so that
database creation was based on several general stages: 1) define the patient
population; 2) collect the register material for the relevant patient population; 3)
define the start and end of the episode (by defining and using the index admission
and deciding how referrals should be treated) for the patients from the available
variables concerning the care given; 4) check the history and follow-up on the
use of health care services to define state and time variables for each patient;
5) construct the comorbidity variables; 6) calculate the direct health care costs;
and finally, 7) combine the information from the previous stages to generate
the comparison database.

This can be very challenging in an international context because of variations
across data sources and differences in health system structures and practices. It
may be extremely difficult to find compromises that work in each country and
allow for cross-country comparability.

Also, in the estimation of the risk adjustment models, even after the standardized
definition and data collection, a complication arises from the involvement of
many different countries. Ideally, the individual-level data from all participating
countries should be pooled before estimating the risk adjustment models, but that
is not feasible because not all countries allow individual-level data to be shared
because of privacy regulations. To avoid such problems, parameter estimates for
the confounding factors are first estimated for every process or outcome measure
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using the broadest possible pooled data for each disease. Then, the coefficients
of each model are made available to all partners who then calculate individual-
level-predicted values for the indicators. The predicted values are then summed
up at the country and regional level. The ratio of observed and the predicted
value of the dependent variable in the comparable unit can be multiplied by the
average value of the indicator in the pooled data to calculate the risk-adjusted
indicator (Moger & Peltola, 2014).

In practice, after definitions have been agreed for the required standard form of
comparison data, each national partner was individually responsible for produc-
ing its own national EuroHOPE comparison data, with the principles stated
in the disease-specific study protocols. After this, the partners used a common
statistical code which automatically processed the data, extracted the coefficients
for the models from the EuroHOPE server and calculated the predicted and
risk-adjusted values at all levels. Finally, the descriptive statistics along with the
country-, regional- and hospital-level indicators and their confidence intervals
were automatically transferred to a reporting template.

Figure 3.8 illustrates the regional-level variation in one-year mortality in the
seven countries (EuroHOPE study group, 2014). For five countries, it was
possible to pool individual-level data and, using a more sophisticated meth-
odology (multilevel modelling), analyse the hospital-level variation in 30-day
survival and the cost of the first hospital episodes, as well as the relationship
between the measures, that is, the existence of cost—quality trade-off (Hakkinen
et al., 2015b). Generally, the study did not find a positive correlation in the
pooled analysis and in the separate country-level analysis. The only exception
was Sweden where an increase of cost from €5000 to €20 000 was associated
with an increase in 30-day survival from 90% to almost 100% (Figure 3.9).
Further research could assess whether such spending increases provide good
value for money.

Figure 3.8 Age- and sex-adjusted one-year mortality by region, hip fracture

Finland Hungary Italy Netherlands Norway Scotland Sweden

Source: EuroHOPE study group (2014).
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Figure 3.9 Relationship between cost and 30-day survival among hip fracture
patients in Sweden in 2007-2008
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3.9 The EuroREACH diabetes case study

The EuroHOPE project showed that disease-based, risk-adjusted performance
monitoring using register data is feasible in the international context, and sev-
eral countries already have the necessary data. The focus was on the definition
of the care episode and related processes and outcomes. As discussed, such an
approach works well for disorders that have a clear beginning and relatively
short acute phase so that it becomes feasible to see the main outcomes with
relatively short follow-up times; hip fracture is again an example of such a
condition.

There are, however, other diseases with a chronic course, and it would be inter-
esting to see what can be done in the international context with the approach
used in the EuroHOPE project. In the EuroREACH project, a case study for
diabetes was conducted. One possible approach would have been to collect
data on all persons with diabetes in a certain year, but that would have been
problematic since comparisons would have been between very heterogeneous
populations in varying disease states. Therefore, it was decided that a more
appropriate and novel approach would be to follow a newly diagnosed diabetic
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cohort for a longer time period. This would show how recently diagnosed
persons with diabetes are treated in the long term. Here the episode of care
is much longer and less detailed than in acute diseases, but it may tell even
more about the structural differences in treatment practices between different
countries.

Three countries participated in the case study: Estonia, Finland and Israel
(Kiivet et al., 2013). A structured study protocol and detailed data specifica-
tions were developed to generate standardized data sets in each country, for
the long-term follow-up of an incident cohort of diabetic persons. It was
not easy to agree on the definitions to be used, because the limitations and
common properties of the data had to be carefully evaluated as the raw data
were so different in each country: reimbursement data were used in Estonia;
administrative register data in Finland; and very comprehensive electronic
patient record data in Israel. Some compromises had to be made, but it was
still possible to set certain standards.

In practice, a standardized common data format was defined. Common data
definitions required expertise and (tacit) knowledge about the details and pos-
sibilities of the data (that is, persons who have used the data) for defining the
care episodes.

The only feasible way to identify an incident diabetic cohort in a standardized
way from these data sources was to determine the persons who had initiated their
antidiabetic medication at the index year. This does not completely correspond
to the clinical definition of the incident diabetes population, but it is the best
approximation available and suitable for health system-specific comparisons.
Analyses were conducted using the shared statistical programs on standardized
data sets, so the results reflect the actual differences rather than unknown meth-
odological details as in meta-analyses.

The case study showed that several clinically important aspects of quality of
care as well as cost—effectiveness and health system efficiency can be assessed
with the national administrative health data systems. By working with actual
patient-level data it was possible to refine the existing indicators of perfor-
mance and quality of care of diabetes and even propose some new ones,
such as regular use of medication and event-free time from the start of dia-
betes treatment (Table 3.1). This stepwise, decentralized approach and use
of anonymous person-level data allowed us to mitigate any legal, ownership,
confidentiality and privacy concerns and create internationally comparative
data with the extent of detail that has seldom been seen before (Kiivet et
al., 2013).
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Table 3.1 Seclected outcomes and service measures as provided to diabetes
patients during eight years of follow-up

Year1 Year2 Year3 Year4 Year5 Year6 Year7 Year8

Study population alive at the end of year (%)

Estonia 96% 93% 89% 86% 82% 79% 75% 2%
Finland 98% 95% 92% 89% 86% 83% 80% 78%
Israel 98% 96% 94% 92% 90% 88% 86% 83%

Hospitalized for myocardial infarction, males 45-64, rate per 1000 per year

Estonia 16 13 12 23 9 15 19 12
Finland 5 8 6 8 6 6 6 5
Israel 6 6 8 7 4 8 5 3

Revascularization, males 45-64, rate per 1000 per year

Estonia 26 10 20 27 20 24 27 26
Finland 11 10 1 12 1 11 11 9
Israel 12 10 8 3 10 6 3 2

Stroke, females over 65. rate per 1000 per year

Estonia 25 31 21 16 27 26 27 31
Finland 23 28 21 23 16 19 20 21
Israel 2 3 3 5 6 6 5 2

Proportion of patients using insulin at the end of year

Estonia 14% 15% 17% 21% 24% 27% 31% 32%
Finland 15% 14% 16% 18% 21% 25% 28% 31%
Israel 9% 7% 8% 9% 1% 14% 16% 19%

Proportion of patients using statins at the end of year

Estonia 6% 7% 9% 1% 13% 16% 20% 23%
Finland 32% 37% 1% 44% 48% 51% 54% 55%
Israel 53% 57% 63% 68% 71% 73% 74% 75%

4.0 Conclusions

In this chapter, we have described a register-based approach for the evaluation
of health system performance. As the examples show, the approach can lead
to valuable information that can be produced more or less routinely from the
available data. Doing this requires careful planning, suitable standardization and
pre-processing of raw data. This is especially true in the case of international
comparisons, where — without careful adjustments — small (or large) differences in
seemingly similar data sources may lead to erroneous conclusions. Collaboration
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between experts from different fields is needed to find suitable compromises for
the definitions. Enough time must be preserved for the pre-processing of data to
a standardized form, and analyses have to be planned so that privacy regulations
will not create problems.

Although performance indicators calculated from registry data do not always
directly reflect the specific concept of efficiency, there is great potential going
forward. Better cost accounting data that capture individual-level patient care costs
would make a major contribution to determining the most efficient allocation
of patients between care pathways. In the interim, more work could be done
to compare patterns of care and identify those pathways that are relatively less
resource intensive but which produce favourable health outcomes for patients.

Because they are produced from secondary data, registry-based performance
indicators cannot be optimal for all possible purposes. For example, episodes
of care are constructed only for one disease or disorder at a time so that the
adjusted indicators reflect the health system-specific component of variation in
the outputs. Still, carefully produced information based on register data can be
extremely useful — for example, in Finland, the current clinical guidelines for
the treatment of hip fractures have been partially evaluated using register-based
indicators (Sund et al., 2011). Such use gives some perspective for the quality of
the information produced. It truly reflects what is going on in ordinary everyday
practice and can reveal important differences between providers or countries.

As data sources are gradually improving in many countries, it is only a matter
of time when register-based monitoring systems will be a part of routine report-
ing and follow-up of the performance, effectiveness and efficiency of providers.
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Chapter 4

Management accounting and
efficiency in health services: the
foundational role of cost analysis

Christopher S. Chapman, Anja Kern, Aziza Laguecir and Wilm Quentin

4.1 Introduction

Efficiency measurement is concerned with measuring and analysing inputs in
relation to outputs or vice versa. Management accounting offers a broad set of
tools and techniques for measuring and managing many aspects of this challenge.
Rising health care costs, driven by population growth, demographic shifts and
advances in medical technology, put the focus on cost analysis and management
because cost information underpins decisions on resource allocation and effective-
ness at system and organizational levels for providers, purchasers and regulators
globally. In this chapter, we focus on costing because cost information feeds into
many other common management accounting practices, such as tariff setting,
targeted cost improvement plans, benchmarking, budgeting, service redesign
and performance management.

The peculiarities of the nature of health care as an area of activity have very spe-
cific implications for the scope and nature of cost accounting. First, health care
in most countries is a heavily regulated sector, and this regulation has a direct
impact on definitions of costing, that is, how costing is carried out, including
the calculation itself, but also linked concepts such as the kind of cost object that
becomes a focus for analysis. For example, regulations on payment of hospitals
on the basis of DRGs has made the DRG the major cost object in the acute
sector, in turn having an impact on the costing calculation and medical practice
(Chapman, Kern & Laguecir, 2014).

A second impact of the nature of health care on costing practice derives from the
fact that treatment must often be adjusted for each patient; therefore, patient-
level costing should account for differences between patients. However, the share
of total cost that can be directly attributed to patients is relatively small. Studies
suggest that the direct variable costs that can be directly influenced by physi-
cians are around 42% (Taheri, Butz & Greenfield, 2000) with 58% of fixed and
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indirect costs' being out of reach of physicians’ responsibility. Similarly, studies
on hospital cost structure have emphasized the high proportion of fixed costs in
this setting, reaching 65%, thus making it difficult for front-line staff to actually
manage costs (or more precisely, short-run cash flows) at patient level (Roberts
etal., 1999). A volume-based allocation of indirect costs is not appropriate for
supporting cost management at the patient-level, which instead requires an
activity-based approach. An activity-based approach also allows linking costs
with health outcomes in a meaningful way (Kaplan & Porter, 2011).

A third impact arises from the fact that there is high pressure to improve the
efficiency of health care services while keeping quality at the same level, the aim
being the generation of more benefits from the current levels of spending. As
a result, the number of users for costing data has increased, now ranging from
government and regulators at national or regional level, to health care professions,
insurers, health care providers, patients and the general public. This unusually
wide range of users makes it difficult to adjust the nature of calculations to the
potentially different purposes and interests of these users (Smith et al., 2008).

Perhaps this diversity helps to explain why, despite a growth in the reach and
complexity of costing in recent years, progress has been hampered by a tendency
towards a lack of conceptual clarity over the costing methodologies appropriate
to particular kinds of purposes and decision-making objectives (Chapman, Kern
& Laguecir, 2014). Recent developments have shown far greater attention to
the detailed task of costing. Costing has been recognized by policymakers as the
key for improving the quality of evaluation of health care services. The kind of
costing in place does not only directly influence the accuracy of the tariff, but
also how health care can be managed (Monitor, 2014a). The rapid development
of patient-level information and costing systems also shows the recognition that
cost data must sit alongside other patient information (including comorbidities
and outcomes). Making this link helps raise the stakes of analysis to include
effectiveness beyond efficiency (Kaplan & Porter, 2011).

However, before costing can live up to such expectations, we must first address
the widely noted concern over the variability and quality of existing cost infor-
mation (Busse, Schreyogg & Smith, 2008; Busse et al., 2011; Chapman et al.,
2013; Monitor, 2006, 2013; Northcott & Llewellyn 2004). In fact, many coun-
tries find it difficult to produce high-quality costing data (Busse, Schreyogg &
Smith, 2008; Busse et al., 2011). Analysis of health care costs across countries
has revealed that the cost structure behind a certain procedure or treatment varies
significantly from one country to another and between providers within countries.

1 In this article the terms indirect costs and overhead costs are used interchangeably. We argue that it is
not the location where costs are incurred (e.g. medical or administrative areas) that is decisive for cost
system design, but rather their relation to cost objects. The relation of costs to the cost object determines
if costs are direct or indirect costs.
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Table 4.1 shows the analysis of costs for a single procedure (AMI) across countries
as analysed by Tiemann and colleagues (2008). Particularly notable variances
are ward costs, which vary between 9.76% in Denmark and 74.55% in the
Netherlands, with corresponding changes to the level of overheads reported in each
of these countries. While variations in medical practices across countries can be at
the origin of differences, there are significant differences caused by variations in
costing methods and conventions as to what is classed in which category of cost.
Poor-quality cost data — whether in terms of unexplained sources of variance or
inappropriate disguising of variance through excessive reliance on averages — are
a threat to the delivery of efficient and effective health care. Poor-quality data will
not be used in decision-making (or will not be effective if used) while resources will
be consumed in producing it. Towards the end of the chapter we offer a detailed
discussion of the kinds of efficiency decisions that high-quality cost data might
inform. However, given the centrality of cost system design to the production of
data that can be used in decision-making, we will address this crucial issue first.
Table 4.1 Costs in different cost categories for AMI
England France Germany Hungary Italy  Netherlands Poland Spain  Denmark?®
Diagnostic
procedures €345.74  €446.79  €296.84  €70.43  €316.97 €349.71 €138.19  €349.52 €349.52
As%oftotalcosts  690%  7.55%  10.36% 17.79%  4.25% 6.25%  1347%  18.78%  7.53%
Normal ward/catheter lab
As%oftotalcosts  3140%  46.45%  58.63% 3534%  4148%  7466%  48.14%  5367%  9.76%
Physician €217.20 €61443 €356.80  €67.95  €406.04  €316.86  €21246  €167.67  €76.79
Nursing €64479 €68356 €78220  €71.98  €37510  €2121.49  €21042  €831.00  €117.67
Others €9051 €13677  €5032 b €218 €0002  €70.92 b €354
Materials €621.65 €131346  €491.26 b €2286.91  €1533.33 : b €22417
Drugs €1556.36 €1347.82 €164.97  €89.20  €69636  €424.28  €189.26  €29.83  €10.78
As%oftotal costs  31.04%  2278%  576% 2253%  9.35% 758%  1845%  160%  0.23%
Overheads €1537.30 €137362 €72389  €96.40 €334666  €644.61  €20452  €48291  €3829.73
As%oftotalcosts  30.66%  23.22%  2525%  24.35%  44.92%  11.51%  1994%  2595%  82.48%
Total cost €5013.64 €5916.45 €2866.36 €395.97 €7450.22 €5599.30 €1025.76 €1861.02  €4643.20
Total costs €464651 €5507.93 €2723.07 €657.14 €7251.03  €5322.83 €186361 €2050.18  €3455.00

(PPP-adjusted)

Reimbursement €4351.00 €5731.06 €3113.96 €808.86 €7574.58 €8722.00  €932.50 ¢ ¢
Profit -€662.64 -€185.39  €247.60 €412.89  €124.36 €3122.70 -€93.26 ¢ ¢
Profit margin -13.22% -3.13% 8.64% 104.27% 1.67% 55.77% -9.09% ¢ °

Sources: Table II in Tiemann (2008).
Notes: ‘Partly subsumed in overhead costs. "Subsumed in overhead costs. “No data available. AMI = acute
myocardial infarction; PPP = purchasing power parity.
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4.2 Analysing the challenge of cost system design

In thinking about the fundamental steps required in attaching the elements of
organizational cost to a particular cost object (such as a patient), there are three
basic analytical steps that must be taken:

1. The costing system needs to identify and group together the costs of
the various types of resources that the organization has (for example,
clinical staff, drugs, premises).

2. Resource costs need to be grouped into cost pools (based around
departments or other managerial cost centres, or activities) for which
choices are made as to the cost driver for the cost pool.

3. Costs have to be linked (showing more or less variability depending
on the choices made) to the chosen cost object (for example, the
patient, the service line, and so on).

Choices must be made as to the level of granularity in each of these three steps
and there is no single universally best approach to making these choices. Partly
this is a result of the many different purposes towards which cost data might be
put (for example, price setting, cost management, resource allocation). Partly
this is a result of the trade-off to be struck between rising costs as granularity
increases set against the possibility of better decisions such granularity may or
may not offer. In considering this, it is vital to understand that granularity is
not simply a function of the granularity of the cost object (step 3), but also of
granularity choices made in the first two steps. Also, while we have separated
these steps for the purposes of conceptual clarity, in practice many of these deci-
sions are interdependent and taken simultaneously.

4.2.1 Step 1: determining the granularity of costs at resource level

Based on the chart of accounts (that is, a listing of the accounts found in the
general ledger of an organization), costs are most typically grouped according to
the kind of costs they represent, such as salaries or materials. The way the chart
of accounts is constructed significantly influences the detail that is available for
costing. For example, instead of simply dealing with salaries as an overarching
category, there can be a detailed breakdown of the salaries of nurses, clinicians,
technicians, administrative staff, and so on. In addition, the chart of accounts
may allow for the separation of salaries for certain grade levels.

The structure of the chart of accounts and its details therefore greatly influence
the detail and nature of costs that are readily available for the costing calculation
undertaken in steps 2 and 3. Further detail can always be added to that made
available through the chart of accounts if detailed ad hoc analysis is undertaken,
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but this is costly to produce and maintain accurately, and so cost system design
relies heavily on the structure of the chart of accounts. This is not always to its
benefit given that often the chart of accounts is structured with external financial
reporting in mind (Johnson & Kaplan, 1987).

With this concern in mind, it is quite common for the chart of accounts to
introduce relevant notions of cost behaviour in terms of differentiating between
fixed (costs that do not change with the level of output) and variable (costs that
change with the level of output) costs in relation to specific resources being
mapped. This kind of distinction can feed into ad hoc analysis of marginal cost
changes in relation to service redesign decisions and the application of a set
of basic management accounting techniques comprising cost—volume—profit
analysis. The strength of this framing of cost behaviour is that it quickly and
easily allows the modelling of short-run cash flows, something that is both
important and intuitively appealing as a matter of concern to a wide range of

stakeholders.

The limitations of a fixed and variable framing of cost behaviour are particularly
pressing in areas such as health care where a large proportion of cost is fixed.
Such a framing can help bring about a relative inattention to fixed costs, even
creating a sense that such costs are inevitable. However, even when attention
is directed towards fixed costs, under such a framing the approach offers little
support for capacity planning and management. Both of these factors can easily
lead to a lack of control of fixed costs and inefficient use of them.

Management accounting offers the distinction between direct (costs that can
be logically linked to a cost object) and indirect (costs that cannot) costs to
address these limitations. In relation to fixed and variable costs, a variable cost
is in principle direct. A fixed cost may or may not be. The fixed cash flow cost of
a clinician’s salary can still be direct in relation to the time spent with different
patients, for example. However, the fixed cash flow cost of premises is indirect.

DRG tariff structures are often based on the full cost of specific treatments. Full
cost is made up of the direct costs of the treatment and an appropriate share of
indirect costs, such that ultimately if all reported treatment costs are added up,
the total is the total cost of the provider organization. The central choice to be
made is how to determine what an appropriate share of indirect costs is. There
are two main alternatives here: volume-based allocation and an activity-based

approach.

Traditional volume-based absorption costing assumes that indirect costs are
fixed and can be allocated identically to each service delivered. However, since
an indirect cost cannot logically be linked to a cost object, volume-based alloca-
tion is inherently arbitrary and in principle incorrect. In terms of monitoring
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short-run cash flows, this is not so damaging because the fixed cash flows are
assumed to be largely unaffected by different output choices.

The problem with volume-related allocation (which an activity-based approach
is designed to remedy) is that while the indirect costs are not related to volume,
they are related to something. If the costing system does not reflect these actual
relationships, then in the medium term there is a risk of promoting behaviours
that will inadvertently increase overheads and short-run fixed cash flows. The
central argument of activity-based costing is that traditional volume-based alloca-
tions systematically overvalue high-volume simple processes and systematically
undervalue low-volume complex ones. As a result, such systems encourage more
low-volume complex activities that in turn require greater overhead investments to
handle the increased complexity. Thus, the risk with volume-related systems is that
indirect costs will rise faster than the volume of services (Kaplan & Cooper, 1998).

While the choice between volume-based and activity-based analysis is most com-
monly thought of in relation to the next step (step 2), it is important to bear in
mind that the relative ease of analysing activity costs depends on the structure
and granularity of the chart of accounts.

4.2.2 Step 2: determining the granularity of cost pools and cost
drivers

This step involves two related choices. The first choice involves the aggregation
of resources identified in the chart of accounts into cost pools that form the basic
structure of analysis in cost systems. The second choice involves the selection
of a cost driver for the resulting cost pools that allows costs to be linked to the
chosen cost object (step 3).

The conceptual challenge in terms of direct costs is not great, although captur-
ing the necessary data can be more difficult. The difhculties arise when dealing
with indirect costs. In the health care sector, a distinction is often made between
indirect costs linked to medical processes (for example, manager of the operating
theatre) and overhead costs linked to the indirect costs of the administration
(for example, chief executive officer of the hospital or central departments such
as accounting, legal department, and so on). When we use the word indirect
cost in this chapter, we refer to all non-direct costs because the choices for their
treatment are conceptually the same in terms of the visibility of cost behaviour.

Take, for example, a figure for the overall cost of the finance department. This
is an indirect cost in the sense that it is a cost whose behaviour we do not easily
understand at the patient level and so we are challenged when it comes to choosing
an appropriate cost driver. This difficulty arises because the costs of the finance
department are an aggregation of many different resource costs (for example,
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payroll costs of accounting staff, office costs to house them, utilities such as
electricity, but also consumables such as paper and computers), which rise and
fall in relation to many different factors. Such department-based aggregations
are often a matter of practical convenience. As a department, there will likely
be an annual budget that groups together all of these resource costs. In terms of
authorizing spending, this is useful; however, this aggregation is not helpful for
understanding cost behaviour.

By virtue of aggregating so many different kinds of costs into a single figure,
there is no single cost driver that offers a clear reflection of what accounts for
costs in the finance department. The volume of services offers an intuitive but
noisy basis for analysis. At an aggregate level, it is plausible that more patients
will to some extent lead to more finance department costs. As soon as we
consider individual patients, however, it seems likely that individual patient
consumption of finance department resources might vary considerably depend-
ing on many different factors, some of which will have nothing to do with
patient behaviour.

The alternative to a volume-related allocation is an activity-based costing approach.
This would reanalyse departmental costs, breaking them down into cost pools
reflecting specific activities (for example, running the payroll, credit control).
Once analysed in terms of activities, it becomes possible to understand what
drives costs. For example, payroll costs likely depend more on the number of
clinical staff than the number of patients (because stafl/patient ratios might vary
considerably across specialities) suggesting the need for a two-stage approach
attributing payroll costs to clinicians first and then to patients. Credit control
costs may also display significant differences between specialities depending on
particular financing arrangements that may again have very little to do with
patient numbers.

Credit control is another high-level activity. Depending on the nature of decisions
to be taken, it might be appropriate to break it down into subactivities and to
map resources yet in more detail. When it comes to the nature of the cost driver,
again choices must be made about granularity. For example, we must decide
whether it is sufficient to assume that credit control costs are driven by patient
numbers in particular specialities, or whether a more granular analysis of hours
spent on particular patient cases is appropriate as a cost driver.

As always, these decisions are a trade-off between the cost of collecting and
analysing more granular data over the possibilities for making better decisions in
light of it. The distinction between direct and indirect costs is not purely linked
to the nature of costs, but also depends on this trade-off between the cost of
understanding indirect cost behaviours such that they may be considered direct
costs and the benefit of having such direct costs inform decision-making. For
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example, drugs are in principle a direct cost, in that specific patients consume
them. However, depending on the cost of a drug, the cost system may treat it
as a direct or indirect cost. If the cost of a drug is relatively high (for example,
a high-cost cancer treatment), it may be beneficial to attribute this cost directly
to the particular patient. However, if a drug is less expensive (for example, a
standard cancer treatment), its cost may be treated effectively as an indirect cost
if the cost of analysis outweighs the possibilities of making better decisions on
the basis of more refined information. The same choice must be made for staff
costs (that is, should they be treated as direct or effectively indirect costs) and
at what level of granularity.

In summary, activity-based costing is an approach to attribute resource costs (step
1) to cost objects (step 3), where careful choices are made to link indirect costs
to the specific activities that drive them. Activity-based costing is an alternative
to volume-related allocation of indirect costs to cost objects (for example, divid-
ing costs across patient numbers). Volume-related allocation sacrifices precision
for the sake of simplicity and reduced cost of measurement. In deciding how
best to account for indirect costs, it is important to always consider the costs
and benefits associated with collecting such data. The question to ask is: Does
the effort to transform a particular block of overheads into direct costs through
an analysis of activity pay back with regard to the decision-making benefits
obtained from such efforts?

4.2.3 Step 3: determining the granularity of the chosen cost object

A costing system can always produce an estimate of the cost of a particular
cost object (for example, patient episode, patient, service line, trust). However,
depending on the approach taken in the previous steps, this estimate may
more or less reflect reality. As such, this final step is potentially the least
informative in terms of giving a useful indication of the granularity of a
costing system, which in practice derives much more from choices made in
the preceding two steps. A key matter in terms of granularity at this level
arises more from the degree to which a particular cost represents an average
across a particular level of cost object, or shows reliable variability between
costs at that level.

This issue is often discussed with regard to top-down and bottom-up costing.
Dividing total operating theatre costs by the number of patients to identify a
cost attributable to an individual patient is a top-down approach. Aggregating
the per-theatre minute costs to arrive at a total per-patient cost is a bottom-up
approach that allows visibility of cost variation between patients. To rephrase
this distinction, with words that make it more obvious how and why these dis-
tinctions matter: a top-down approach is a cheap way to produce average costs.
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A bottom-up figure helps to reflect variability of resource consumption across
particular cost objects, but it is more expensive to produce.”

The development of time-driven activity-based costing (TDABC) (Kaplan &
Anderson, 2004) represents a development that can reduce the costs of more
flexible and granular analysis using a bottom-up, activity-based approach. The
first step is to work out the total cost of relevant resources required by a cost
object and determine the level of practical capacity of the resources to provide
services. Time in TDABC reflects the observation that for a surprisingly wide
range of resources, this is an appropriate unit of capacity. The second step is to
charge cost objects with their consumption of capacity at the per-unit cost of
capacity worked out in the first step.

An advantage of TDABC is that it simplifies step 2 as undertaken in earlier
activity-based costing systems. So, for example, an early activity-based costing
system might have aggregated clinical staff costs as a resource (step 1). This would
then be split across inpatient and outpatient activities based on consultant job
plans (step 2). These costs would then be driven to patients in the inpatient and
outpatient areas (step 3). A TDABC approach avoids the need to make a priori
assumptions about the split in step 2. When dealing with the activity of people,
this is particularly useful since their split across many activities can significantly
and frequently vary. TDABC instead works out a per-minute cost of clinical
staff time and then builds costs up from the assignment of that cost to minutes
spent with inpatients and outpatients. Granularity at step 3 can then be easily
adjusted by doing this using estimates, or standard minute rates per activity, or
direct measurement depending on the importance of the information in terms
of its capacity to inform useful decisions.

4.3 Demonstrating cost system design choices with two
detailed examples

To place the various choices and distinctions discussed in the previous section
within a more concrete context, next we analyse how these choices play out using
two detailed examples chosen for their impact in terms of clinical and financial
importance. First, we discuss how these cost system design choices impact on the
analysis of costs in the operating theatre, and second how they have an impact on
the analysis of property costs. The examples are based on observations of costing
practices and national costing guidelines Germany and the United Kingdom.

2 Here, we use the terms volume-based and activity-based costing to distinguish two different kinds of
treatments of indirect costs. In the literature, other distinctions that are often used synonymously can
be found, for example, micro costing and bottom-up costing. These are used synonymously for activity-
based costing and macro costing, while top-down costing is often used as synonym for the volume-based
allocation of costs.
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4.3.1 Tracing operating theatre costs to patients

The operating theatre in an acute care hospital represents a highly significant
resource and location of clinical activity. As such, the way in which cost is traced
to patients receiving treatment in operating theatres is a matter of considerable
importance. As documented in Chapman & Kern (2010) and based on research
in the United Kingdom, there is considerable variability to be found in terms of
the sophistication of cost system design relating to activity in operating theatres.

The least granular level of cost modelling observed consisted of a single cost pool
that assembled all resources assigned to the operating theatres (for example, space
costs, clinical staff costs, consumables costs, and so on) with minutes in theatre
as a cost driver applied to a single cost pool. This has been mapped out in Table
4.2, which shows this very simple costing approach to operating theatres with
resources on the horizontal axis (columns), activities on the vertical axis (rows),
and the chosen cost driver at the intersection.

Table 4.2 A very simple costing approach for operating theatre activity

RESOURCES All costs

ACTIVITIES

All operating theatres Per-minute cost

This system gives a per-minute cost rate based on total cost and total minutes
across all patients as applied to the minutes of a particular patient on the oper-
ating theatre register. The cost driver minutes seems activity-based and the cost
object is the patient, so this may lead to the belief that this is a patient-level,
activity-based approach to costing. However, the problem is that the choice of
cost pools is 7ot activity-based and there is a minimum possible granularity with
regard to activity and resource analysis (although the cost driver shows at least
more granularity than simply patient numbers would have given). Hence this
cost calculation is closer to a volume-based then an activity-based approach.

At the next level of sophistication, we encountered an intermediate level of cost
model granularity. This arose when providers had multiple operating theatres, and
we found that individual theatres were often used for particular clinical speciali-
ties. This allowed for the construction of individual operating theatre cost pools
that collected the various costs of the procedures undertaken in each particular
theatre. As a result, the system could reflect the potentially very different costs
for staff (for example, because of very different staffing levels for particular kinds
of procedures) within different specialities resulting in different per-minute costs
for the different operating theatres. We have mapped this approach in Table 4.3.
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Table 4.3 An elaboration of the very simple costing approach for operating
theatre activity

RESOURCES Al costs for theatre 1  All costs for theatre 2  All costs for theatre 3

ACTIVITIES

Operating
theatre for Per-minute cost
speciality 1
Operating

theatre for Per-minute cost
speciality 2
Operating

theatre for Per-minute cost
speciality 3

As in the simple model, the cost object is the patient, and again there is little
granularity at the resource level where all kinds of resources are grouped together.
It is more granular than that seen in the previous model (Table 4.2) given that
there is a cost centre-based grouping of resource costs. The lack of resource
granularity makes it difficult to differentiate between resources like clinician
time and nurse time, however. As such, when it comes to developing a more
granular set of cost pools to map the resources onto, there is little to go on. And
so we find a cost system that produces three separate cost-per-minute rates that
can be traced to patients in the three different specialities. Overall however, the
level of granularity is still very low.

At the most sophisticated level we encountered a cost system that distinguished
resources and activities at a far more granular level. Such an approach also mirrors
the detail of the costing approach to be found in the InEK Kalkulationshandbuch
(DKG, 2007) used in Germany. We map an example of this approach in Table 4.4.

This properly reflects an activity-based approach because it shifts from treating
the operating theatre as a single, departmental-based cost pool to one in which
the operating theatre is understood as a location where many different (and
separately costed) activities take place, each of which draws on particular subsets
of resources. As discussed in Section 4.2, once these activities are identified, the
next step is to understand what drives the cost incurred in carrying them out.

Table 4.4 shows how for each activity a relationship between the activity and
the consumed resources is established, depending on the practicalities of data
collection. In some cases, this leads to charging a standard rate, for example, for
preparing the theatre. In other cases, the consumed resources are related to an
activity on the basis of a cost driver, such as time. Anaesthetic drugs, for exam-
ple, are charged on the basis of the length of time the patient is anaesthetized.
The data for the time when anaesthetized are available in the system and can be
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retrieved easily. Costs for nurses take into account the number of nurses present,
which can also be captured in the system. However, as it is too complicated to
include the actual staff cost for each particular nurse, a standard charge rate is
applied for each nurse. For senior clinicians, the actual staff cost is assigned to
the session, while for juniors it is again a standard charge rate.

In this last model, the cost objects are again patients. In contrast to the simple
and intermediate costing models, however, this activity-based model identifies
the activities in the operating theatre and cost drivers for each activity with
considerably more granularity. Therefore, it produces more accurate costs than
the simple and intermediate model. This is important, for example, when set-
ting tariffs and represents a significant improvement in accuracy when using
actual patient costs to do DRG costing. Another equally, if not more, important
benefit is in terms of the enhanced opportunities this kind of granular informa-
tion offers for managers who are considering the efficiency and effectiveness of
clinical activities.

Table 4.4 Much more granular costing of operating theatre activity

Other

RESOURCES Nurses Clinicians Technicians Drugs Transplants
consumables

ACTIVITIES
Preparing Cost per
the minute Cost per Costs per ltemized list of
operating (standard minute minute consumables
theatre rate)
Anaesthetic C‘?St per Cost per Amount Itemized list of
tivi minute of minute of drugs consumables
activity nurse time consumed
Skin-to- Cqst per Cqst per
- minute minute Amount Costs for ) ’
) knife time " Itemized list of
Operation based on based on of drugs specific
(standard ) ) . consumables
skin-to- skin-to-knife  consumed transplant
rate) I ;
knife time  time
Clean C‘?St per o
up after minute ltemized list of
P (standard consumables
theatre use rate)
Cost per
Recovery of minute [temized list of
the patient (standard consumables
rate)

Source: Based on DKG (2007), p. 239.

Note: Empty cells reflect an activity for which a resource is not used.
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4.3.2 Tracing estate costs through to patients

In the preceding discussion, we largely focused on a range of resources and
activities that were relatively easily linked to patient activity. A significant por-
tion of organizational costs is made up of indirect costs (overheads, support,
infrastructure), which are more complicated to link to patients. In this section, we
present the additional challenges of dealing with these kinds of costs in terms of
granularity of cost system design taking the example of estate or property costs.

Perhaps the simplest way to deal with estate costs would be to adopt a minimum
granularity, a top-down, volume-based approach. Such an approach would divide
the total estate costs across the number of departments (service lines, points of
delivery), and then from there allocate costs onto patients within each of those
service lines. This is not likely to be particularly accurate, but the costs of such
an approach to costing are low. The most obvious cost driver here, and what
is mandated in many jurisdictions in their costing guidance, is to use a space
measure, such as square metres of space occupied, as the basis to attribute estate
costs to cost centres/service lines.

However, there is considerable variability in the level of guidance in different
jurisdictions with regard to the level of granularity with which this broad approach
is to be applied. As a result, the treatment of property costs across organizations
can be irregular. The model shown in Table 4.5 would be the simplest possible
that is still consistent with the regulation.

Table 4.5 A very simple costing approach for property overheads

RESOURCES All costs

DEPARTMENTS

All departments Square metres

A more granular approach is shown in Table 4.6; here, variation that is cost
driven by different space use starts to become apparent.

Table 4.6 Beginning to distinguish cost behaviour in more detail

RESOURCES Rent / light / heating Cleaning / infection control

DEPARTMENTS
Medical Square metres Square metres
Administrative Square metres Square metres
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The question remains, however, of how to link property costs to actual patients.
If estate costs at the cost centre or service line level (for example, in the operating
theatre) are divided by the number of operations or patients, it will correspond to
a top-down, volume-based costing approach. Even if the first step was a bottom-
up, activity-based costing approach, through this second step, the calculation
turns into a top-down, volume-based calculation. If, however, property costs are
attributed to patients based on minutes spent in the operating theatre, it remains
a bottom-up, activity-based costing.

Table 4.7 shows the bottom-up, activity-based approach used to account for estate
costs in the German costing standards. As a first step, estate costs are accounted
for on a specified indirect cost centre (department