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Models for health care planning : the case
of the Piemonte region

1. Introduction

The aim of this report is to make available a model-based planning
and monitoring system for the Italian health service at regional and
subregional scales and with particular reference to the Piemonte region.
We will show how research in Britain can be effectively applied in the

Italian context.

We begin with a brief review of the structure of the health service
in Piemonte, the way resources are allocated and the way in which the
system functions (Section 2). Against this background, we explore typical
policy issues which need to be tackled within an effective planning system
(Section 3). The details of a model-based system are presented in
Section 4 - 6. First (Section 4), we show how to design an information
system for management and planning and then we show how to design a model
system (Section 5). This system includes a micro-simulation model for the
representation of demand for health services and the recording of detailed
information on how this demand is met; a supply-side model which includes
detailed submodels of labour and costs; a submodel which allocates
patients to facilities. This last submodel is particularly important in
the Italian context because the basic administrative units (USL's - Unita
Sanitaria Local) are relatively small and there will inevitably be
substantial cross-boundary flows. Particular attention is paid to the ways
in which model outputs can be used to construct performance indicators.
This issue is tackled in detail in the first part of Section 6 which
concludes with a set of recommendations for Piemonte on the performance
indicators which should be an integral part of the information system.

In Section 7, we make some further recommendations on improvements in
planning procedures which can be accomplished using this model-based

information system.



2 The structure of the health service in Piemonte

2.1 Introduction

The types of management, monitoring and planning which are possible
relate to the form of organisation which exist, though there is also the
possibility of recommending modifications to the latter. In this chapter,
we describe briefly the different tiers of government and management (2.2),
the methods and the ways in which resources are allocated between tiers
(2.3). In Section 2.4, we describe the functioning of the system in
Piemonte in more detail as a backcloth for the discussion of policy issues
in Section 3 and for subsequent model development.

2.2 Tiers of government and management

There are four main tiers as indicated in Figure 1.

National (Ministry of Health Care and Social
% Services)
Regional (Regional Ministry of Health Care and
% Social Services)
USL
Operational (GPs, ambulatori, hospitals)
lTevel

FIGURE 1 : Tiers of government and management for Italian
health services.

We are mainly concerned with the regional tier downwards. The Regional
Council is elected and health services are the responsibility of a Minister.
USL's are made up of members appointed by the Regional Council and they and
their officers are responsible for the planning and management of services
at the operational scale. The latter consist of general practitioners
(GPs), several types of ambulatori (which are rather like hospital



out-patient departments, but some types of which are outside hospitals)
and the hospitals themselves.

The real system in Piemonte is complicated by the relatively large
size of Turin and the way in which health services are organised there.
The region has a population of 4.5m of which 1.2m are in Turin. There
are 76 USL's, 23 of which are in Turin. However, these 23 are administered
at present by a single board, so there are in effect 72 - 23 = 49 USL's
plus the one board for Turin, making 50 administrative units in total at
this scale. There are proposals for the Turin part of the system to be
administered by 7 or 8 boards in the future and the model and planning
system proposed should be designed to accommodate this possible change.

2.3 Methods and practices of resource allocation

The current (1984) national budget for health care is L.35,000 bZllion
(i.e. 35,000 x 109). This is allocated to the regions largely in proportion
to previous historical allocations and taking into account regional
populations. There is no attempt at‘present to develop a more sophisticated
formula for this level of allocation and one possibility would be to use the
information we are recommending for deployment at regional and subregional
scales to investigate such a formula. This would then allocate resources
on the basis of an index more closely related to need and would be along
the lines of the RAWP formula used in Britain (Resource Allocation Working
Party, DHSS, 1976).

At present there is considerable variation in the resources per capita
allocated by the national government to regions. The average is L.500,000
per head of population, ranging from L.270,000 in Molire to L.900,000 in
Freoli. For Piemonte, the figure is L.465,000 and is therefore near the

average.

The region's budget is allocated by the Ministry to USL's. Piemonte
is one of only three regions in the country to have a three-year plan which
forms the basis of this allocation. The next planning exercise will be
carried out for the period '85-88 and it may be that our recommendations

can be related to this.



The USL's allocate to GP's, ambulatori and hospitals; and also to
some private hospitals when this is agreed with the region.

At present, USL's are reimbursed for their costs (presumably spent in
relation to the agreed regional plan) rather than allocated budgets. There
is obviously scope here for improving the financial control which can be
achieved through the implementation of a budgetting system.

2.4 The functioning of the system

As already noted, there are three principal elements in the system:
hospitals, clinics (ambulatori) and general practioners. In the first of
these categories, we include day hospitals. The ambulatori can be
specialised or multi-functional (poli-ambulatori); they can be independent
of hospitals or located within hospitals. In this report, we focus mainly
on hospitals, though we need a clear understanding of the other two sectors
if only to get a proper representation of the flows into hospitals. While
GP's can refer patients to hospitals, people can also take themselves
directly to ambulatori and this also will provide patients for hospitals,
although non-hospital based ambulatori cannot refer patients directly to

hospitals.

There are two major elements of hospital organisation which are
crucial to the analysis which follows: the structure of specialties and
the organisation of common services. A list of specialties usually used
is shown in Table 1; a list of common services in Table 2.

To give an idea of the scale of the system of interest, we attach a

map of USLs in Piemonte (Figure 2).

In general, we will work with the populations of USLs (aggregated for
Turin), though sometimes it is conventient to refer to the broader
subregions which are comprensori, the boundaries of which are also shown
on Figure 3. An intermediate may also be appropriate - cf. Tadei, Gallino
and Salomone (1983) in Figure 4.



Because the USLs represent relatively small subdivisions, there are
substantial flows across these boundaries - examples are shown in Table
3. Indeed, some USLs do not have any hospitals. This means that
particular attention has to be paid to the modelling of cross-boundary
flows. This helps us to calculate catelment populatiors - the notional
populations served by USLs or hospitals - and this helps both in the
planning of the distribution of facilities across USLs and in the
definition and calculation of performance indicators.

Once the basic definitions have been established which describe the
main outlines of the functioning of the system, the next step in the
argument is to assess the present nature of regional and subregional
planning at various time scales (with the regions three year plan as an
'anchor'); and also to see how both revenue and capital financial
allocations can be related to the definitions here (such as beds by

specialty).



3. Policy issues : a preliminary discussion

3.1 Introduction : the main objectives

The prime aims of the present exercise must be taken as fourfold:

(i) to model the system so that demand (needs) are understood and
the supply-side response is articulated at a sufficient level
of detail so that it can be costed and appraised;

(ii) the specification and calculation of a set of performance
indicators;

(ii1) to incorporate the data for and the results of (i) and (ii)
above into an information system;

(iv) to use the information system for monitoring, assessing,
managing and planning the disposition of resources in a
regional health service.

This means that the system has a continuing role and its use will
lead to the identification of problems (and, given sufficient resources,
their solutions) which had not hitherto been articulated. However, there
are a number of known problems which are sketched in the next section.
Later in the Report, we will show how to run the model and information
systems to help to make progress with this set of problems.

3.2 Some examples of policy issues

(1) Changing patterns of demand.

It is important to link the planning of health service supply to
the changing social geography of the region. Changing residential
patterns - eg. out-migration and decentralisation - together with changing
demographic structures - eg. the growth of the elderly population - have
different impacts on different kinds of USLs. These trends should be
picked up and identified with appropriate performance indicators and by
linking the health care models to models of demographic and social change.

(2) Hospital planning.
(a) Overall, there are probably too many beds in Piemonte and



these numbers need to be reduced.

(b) There is a hospital closure programme which is not based
on a clearly-specified rationale.

(c) There are the continual demands of new technological
developments in care.

(d) It is important to be able to assess and if necessary change
the balance of resources allocated to specialties.

(e) Careful planning is needed of the numbers and locations of
regional and sub-regional specialties.

(f) It is thought that the efficiency of the system could be
improved by the provision of new day hospitals.

(g) Some knowledge of specialty costs is needed to help
monitoring and planning at that level of resolution.

(3) Common services.
(a) Pharmaceutical costs are too high.
(b) It is important to be able to identify services provided
to particular specialties to help in overall management - eg. to
control the problem mentioned in (a).
(c) ambulance services?

(4) Patient flow.

There is agreat variety of types of ambulatori. There is some
controversy about their future pattern of development. What is needed is
a sufficiently good understanding of patient flows through GPs, different
kinds of ambulatori and hospital specialties to know whether improvements

could be made.

3.3 Accessibility, equity and efficiency

Policy issues can be summarised under three main headings, and it 1is
important that these are reflected in the performance indicators to be
developed below. First, needs must be met as far as possible, and .this
means that health care must be accessible. They must also be made available
reasonably equitably both to different sectors of the population and
across space. (Although it would be possible to develop equitable levels
of provision which reflected inadequate levels of accessibility.) And



thirdly, the services provided must be efficient. Otherwise, at the
worst, resources are being squandered in one sector which could be used
to raise to a higher level an inadequate service in another.

There is always likely to be some conflict in trying to develop plans
and policies which meet all of these different kinds of objectives.
Efficiency, for example, often demands the building of relatively large
units which are then inconsistent with spatial equity and may imply poor
accessibility for some people. But it is useful to bear these considerations

in mind.



4, Information systems for health service management and planning

4.1 Introduction :

the key role of information systems

Raw
data

Optimisation/
design models

<

Plans

&

FIGURE 5 : the central role of information systems.

Figure 5 shows the various elements of a health services planning and
It is easy to see that the information system plays a
crucial role. It is the recipient of raw data and passes relevant data

analysis system.

Information
system
1 }
:\, s Y
| N Mode]l
|
|
|
_- Performance
e indicators
Communication
system
General
access

on to the model, performance indicators, plans and the communication

system. The information which is transmitted can include numbers taken

back into the system from the model in particular, but also the

performance indicators and plans systems.

greatest importance.

The feedback loops are of the
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In another sense, of course, the crucial subsystem is that which
calculates performance indicators. Even if this is produced informally,
some information about performance will be available and there will be
continual pressure to improve it and to relate it to policy and resource
allocation. The model then plays a key role by, in effect, processing
the raw data to produce a better description or account of the health
system. The notion of the planning subsystem is self-explanatory, at least
in principle. A word of explanation is needed, however, about the meaning
of ‘comunication system'. This is intended to make management and planning
information available to different participating groups in the whole
decision-making process, particularly the administration and policy makers
on the one side and medical staff on the other. Policies and plans cannot
be made effective unless medical staff are a key part of the process, and
improved information flow is crucial in achieving this.

In the rest of this section, we first begin to articulate the
algebraic variables which serve to describe the health system - and this
provides the basis for the information system and the other subsystems to
which it is connected. This is done in subsection 4.2. Then we begin to
look at the dimensions of the Piemonte health system in this framework.

4.2 The algebra of system description

There are at least three relevant spatial scales: the region as a
whole, USLs (or 'districts') and functional units within USLs (particularly
hospitals). The region is, of course, embedded in a multi-region national
system and all such regions could be labelled. For the present, however,
we will assume that we are dealing with a single unlabelled region and
that we can neglect inter-regional flows. We then use the subscripts
i, j ... for USLs and r, s ... for hospitals. (i, r) stands for hospital
r within district i. We use notation like L to sum over all hospitals

within the district i. el

Our aim is to model a multi-district system, though this could be
either a model of all USLs in the region - a 50 district model - or a
single USL within an 'environment' provided by the rest of the region;

or 'in-between' cases.
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We can now describe the system of interest under six headings which
each relate either to aspects of modelling or to the construction of
performance indicators from model outputs. These are:

i. population backcloth and demand
ii. multidistrict organisation and performance
iii.  supply: provision and organisation
iv. utilisation
V. efficiency
vi. access.
We discuss each in turn:

(i) Population backcloth and demand.
At the very least we need population by district of residence and
by age (a) and sex (s): say P?S. If we use asterisks replacing indices to

denote summation, then P?* is obviously the total population in the ith USL.

The (i,a,s) disaggregation is useful because morbidity rates will vary
by these categories, as well as others. Let m denote diagnostic group

(given in Table 4) and let ZTaS be the number of cases for diagnostic group

m in the P?S population. The morbidity rate, pTas’ is then
mas _ -mas ,,as
Wy - T Zi /Pi . (1)
Let ATkaS be the age-sex specific proportion of patients with diagnostic

group m treated in specialty k. This will of course vary from area to
area according to the availability or otherwise of certain specialties.
Then

skas

" o Xxmkas mas pas (2)

R 8 L By i
m

is the expected number of cases in k in the (a,s) group. We could then

determine a rate of incidence by specialty, p?as,

k - FS
pias = X?aS/P?S. (3)
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Let X3** and P*** be regional totals, so that
p = XX¥k/phkx (4)

is a regional average. Then the crude expected number of cases in i for
specialty k would be ka;*. This will typically be inaccurate because it
does not reflect the age-sex mix of a population in i. This simply
emphasises that it is necessary to work with disaggregated populations and
rates. This is not always possible, however, and for some performance-
indicator calculations, it is useful to define a standardised aggregate

population, for example

Pkas
S i as
Pi = kgs ——;—- Pi" (5)

In Britain this is achieved through the use of Standardised Mortality
Rates (SMRs). If we define Q?as as the number of deaths from cause d by
age and sex in region i then a suitable S.M.R. is

das
Qi /,a$s
das Pi
*

Then the standardised population can be calculated as

P, = g supdaspas (7)
i R
das
One of the problems with using standardised populations is that they
involve data which reflect local health provision rather than simply
demographic quantities - thrdugh X?as in (2) and X¥** in (4). So rather
than have this ever-shifting quantity, it may be better to calculate
expected cases by specialty, say as follows:
ik = Zp'-(asp?s (8)

1
: as

where p?as is calculated either from (3) or is based on a Tonger time series
and appropriate statistical analysis.
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(11) Multidistrict organisation and performance.

A feature which makes analysis difficult is that some patients
resident in a district i are treated in a district j outside it; and vice
versa. Define, therefore, N$j as the number of residents of i who are
treated in j for specialty k. It is then possible to define P?i as the
corresponding population at risk for illnesses which involve k-treatment,
resident in i and who would be treated in j if and when they are ill.

The estimate of Pk from Nkj is not trivial. We present a detailed
analysis 1in Append1x 1 and offer two methods of calculation. The

calculation can also be carried out for the aggregate flows N?j and

corresponding not10na1 populations P, Note that-we do not denote this

last quantity by P h because it is not ):PkJ The estimates of P:j and Pij

are carried out in such a way that &

e L
§Pij = gPiJ = P (9)

But the new set of quantities which can now be calculated are the so-called

catchment populations (Cottrell, 1984).

Z. = 1P, 10
el (10)
dr ok

23 =gp n
Ryt (11)

Z; is the notional population served by j overall; Z? the corresponding
quant1ty for specialty k. These populations are important in the
definition of many performance indicators as we will see later and they
play a valuable part in helping us to understand how a multidistrict
system functions, and the degree of dependence of any one district on

others.

However, as with standardised populations, there is a serious drawback.
ThEy can only be defined in relation to the observed flow arrays {Nij} and
{Nij} and so are determined at any time by current organisation and
practice. There may well be changes, which should be planned, which would
change the flows and hence the catchment populations. For this reason it
is important to model the Nk s for a multidistrict system like the Italian
USLs and we make some suggest1ons for this in Section 5.2.4 below.
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(iii) Supply provision and orgnisation
We need to begin with a measure of the provision which is
offered to patients. For present purposes, we concentrate on hospital
in-patient facilities as an example, but the argument is easily extended
to outpatient and other facilities if suitable measures are substituted.
In earlier papers, we recommended bed-days by specialty as a suitable
measure of provision. Here, we revert to the simpler measure which is
beds by specialty, with the proviso that fractions can be included if

necessary in cases where beds are shared.

In the discussion so far, we have assumed that the district (UsL) is
the relevant spatial unit. Now, we need also to consider the possibility
of working at the hospital scale as well. Let Agr be the number of beds
allocated to specialty k in hospital r (and we add the label j to indicate
that r is in district j). Then the appropriate district quantity is A;*’
which we will also write as Aj’ dropping the asterisk, if the context is

clear.

To provide these beds and to make them operational, other resources
have to be supplied and we need to articulate these as a preliminary to
building a supply-side model later. We characterise the organisational
structures in terms of specialties, common services and resource inputs

as shown in Figure 6.

Specialties e =] k =2 L
Common oy i 4 ]

services L R i

Resources ﬁuﬁhﬁ;:::::::jiszgggr; =] n=2

FIGURE 6
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We have already listed specialties in Table 1. Common services include
operating theatres, delivery rooms, pathology, pharmaceutical and so on.
They are distinguished separately both to enable their own 'production
function' to be explored and because they usually have their own well-
defined outputs or capacities which can be related to the numbers of cases
handled in specialties. The most important resource inputs are related

to different categories of staff - since staff costs overall are likely to
be of the order of 75% of total costs.

A full list of common services was shown in Table 2 and the resource
inputs recommended for use in a supply side model-are shown in Table 5.
Meanwhile, we can develop a suitable algebraic notation. Let ng be the
total output from common service 2 (eg. in operating theatre hours) to
specialty k in hospital r in j. Aggregates can be obtained as usual by
replacing indices by asterisks. Let Y?t and ?gﬁ be the quantity of
resource inputs n to specialty k (and common service £) in hospital r.

If necessary the 2-level can be eliminated by converting &-flows into
n-flows to a specialty and adding them to direct n-flows.

It is at this point also that we can begin to add cost functions.
Let gn: (or agi) be the unit cost of the nth resource input when used in
the kth specialty (or the lth common service). Then in principle, we can
compute the costs of the whole operation but there are of course
difficulties in practice as we will see when we specify the supply-side

model in Section 5 below.

Finally, we note that it will often be useful to know the units of
resource inputs which produce a unit of resource outputs, measured in
beds. Let

ek _ ek, ok
fjr — Fjl"'“jr‘ (]2)
and
vk = vk ak (13)

Jr Jr’ Jr
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TNEL _ gNL el
Yip YjW'jr' (14)

nk ng_ok -t
Then y& + Eyﬁffjf are the wnit inputs of n needed to produce a unit output
K nk “nL_ne

of k at r and zg irir + ingrf is the total unit cost for a unit output
of k.

kK LIPE nk nk “nL ngng

er * Ajr[}:s‘]f“‘]r + nZRngerFJr} (]5)

is therefore the total cost of specialty k.

(iv) JUtilisation. expected

We have already defined i?as as the/ﬁumber of cases in age-sex
groups (a,s) treated in specialty k in district j in order to be able to
calculate standardised populations; and Nk » the flow of patients from i
to j for treatment in specialty k, in order to be able to calculate
catchment populations. We now follow the previous section and focus on
hospitals. The hospital equivalents of the quantities defined earlier are
now ikas and Nk . For the present, in the first case, we use XF- as actual
cases and neg]eét the age-sex disaggregation. The other crucial var1ab1e is

average length-of-stay by specialty by hospital which we denote by h§r'

In many cost models, specialty costs are estimated through two terms
covering number of cases (for, for example, operating costs) and number of
days of bed occupation (for hotel costs). And we will also need both
numbers of cases and length of stay variables for various measures of

efficiency, as we will see.

(v) Efficiency.

Define
ko kK K 16
us Xjrhjr/365xAJ.r (16)

and this gives the percentage of days in which beds in specialty k in
hospital r are occupied. (Adjustments would need to be made to deal with
day cases and five-day wards, but we neglect such considerations for the
moment.) It would probably be appropriate to relate such quantities to
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norms (both upper and lower) with the area between the norms representing

efficient operation.

We will also see that unit costs, like ggt and unit resource inputs,
like y?t themselves represent efficiency measures. We will explore
performance indicators of this type in more detail in Section 6. These all
play a role within the cost/case formula which is also obviously an
important indicator of efficiency and we also pursue that in Section 6.

(vi) Access.
Define X? as the expected number of cases in zone i and then

L N"'(j hg (17)
AEI ) (2 o .
Lictije! Es 365

is an estimate of the expected number of beds needed by residents of i -
made up of a sum of contributions from different hospital districts in
proportion to current flows and lengths of stay.

Let

k k
u' 18
345 (18)

be an estimate of the number of beds actually available. Then a vector like

(ayk/R% 9

is a measure of access for the residents of 1.

This completes a preliminary algebraic description of a multi-district
health system. This will be used as the basis for model development in
Section 5 and the detailed specification of performance indicators in

Section 6.

4.3 Data, and scales of analysis for Piemonte

In this section, we focus on the scales of analysis to be used in
Piemonte and we reserve for Appendix 3 a detailed discussion of data
availability. We have already defined and in most cases specified the
categories relating to the basic indices of system description. Specialties
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(k) were listed in Table 1 and there are 22 of these; common services (%)
were listed in Table 2 and there are 5 of these, though this is a more
provisional figure; diagnostic groups (m) were listed in Table 4, and there
are 28 of these. We listed resource inputs (n) in Table 5 and there are

9 of these - 5 types of staff and 4 types of hotel costs. This list would
be lengthened if it was decided not to use the g2-categories (or indeed to
specify inputs to these) to include, for example, drugs and surgical supplies.
Age groups (a) can be taken in various forms. In Table 6A, we show the
groups which we will usually use, for example when looking at the incidence
of disease by age and diagnostic group (because it connects to locally
available data); in Table 6B, we show a finer breakdown of age groups which

we use in the micro-simulation models.

The main remaining issue of scale is the level of resolution to be
adopted in the spatial system. For planning purposes, the most crucial
array is something like th or N?jr’ the number of patients resident in
zone i who are treated in specialty k in zone j (or hospital r in zone j).
Counting Turin as one unit at the USL scale, there are 50 'USL' zones;
there are 28 specialties; there are 250 hospitals. If the dimensions of
origin zones, destination zones and specialties are taken as I, J and K
respectively, then {N$j} is an I x J x K dimensional array. Even at the
USL x USL x K level, this is 50 x 50 x 28 = 70,000 elements and computer
models involving a number of arrays of this kind will demand large storage.
Further, to build a micro-simulation model, a large sample population will
be needed which is also likely to make demands on storage which are too

great.

Typically, storage problems of the first type are solveable for this
kind of system, either by using a sufficiently large machine or by writing
the computer programmes in such a way as to store only the non-zero elements
in the arrays. The second kind of storage problem is not so easily

solveable.

It should also be added that different spatial systems are appropriate
for different planning purposes and problems.
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With these two sets of considerations in mind, we draw up in Table 7
a set of alternative spatial systems. For systems 3 - 7 in Table 7A, we
use aggregates of USLs, either at 25 or 16 zones for the region (the latter
being compre sori plus Turin) as used in the RAMOS application (Tadei et al,
1983). In the micro-simulation case, the main model would focus on
a single zone, a USL or group of USLs, and the rest of the region. An
obvious application of this idea would be to Turin. Secondly, it would
be possible to add more detail for Turin and to develop the model for
the USLs within it.

An alternative shown for completeness in Table 7C is to replace any
of the Turin systems in A or B with areas representing the six or seven
boards which are to be set up for health-administrative purposes within

the city.

The models to be presented in Section 5 are designed to be run for
any (appropriate) one of these systems. We will propose more detailed

suggestions in Section 7 below.
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TABLE /7 : Alternative spatial systems

A.

W N O O B W N

10.

Simulation model.

Origins Destinations Specialties
USL (50) hospitals (250) 28 or aggregates
USL (50) USL (50)

Agg-USL (25) USL (50)

Agg-USL (25) Agg-USL (25)

Agg-USL (16) Agg-USL (25)

Agg-USL (25) Agg-USL (16)

Agg-USL (16) Agg-USL (16)

USLs in Turin & USLs in Turin &

Comprensori for rest of Piemonte

Piemonte (49) (24)

Micro-simulation model.

Single zone: any Hospitals or USLs
USL or group of UILs (?)
plus rest of region

(2)

USLs in Turin & ditto
rest of region (24)
(24)

Alternatively subdivisions in Turin.

Replace the Turin zone(s) in any of the above by the proposed

new 'board' areas.
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5. Model system design

5.1 The overall system : a framework for dynamical analysis and planning

In this section we outline the details of a set of models that could
be used to examine a range of health policy issues and problems in the
Piemonte region. The first point to be made is that there is not one
single model or technique that can be used to examine all problems. As
we have already pointed out the level of spatial analysis and amount of
detail required will often determine the type of model required. In
Piemonte there will be problems at the regional level, such as the
distribution and size of health care facilities, which will require one
form of analysis and there will also be problems of organisation and
management at the local scale (USL) which will require another. But both
will be related: strategic planning at the regional level will have to be
translated into operational planning at the local level. The implication
is that while two different models will be required for each stage they
will be used in conjunction - the results from one model will be used as

inputs into the other, and vice versa.

In this section we describe four models: the first a dynamic simulation
model of health care at the regional level; second a demand and allocation
model for sub-regional analysis using micro-simulation methods; thirdly
a supply side model; and finally an equilibrium model that can be used
as a design tool for the location of supply side variables. For ease of
presentation in this section we concentrate on the principal issues of
model design and discuss particular technical details and questions of
data availability and computing in a series of appendices.

Before commencing the description of the proposed models we briefly
summarise their main features and outline the differences between them.

The first model we describe has been designed to examine issues that
relate to the overall demand for and provision of acute health care
facilities in Piemonte. In this case the system comprises the 50 basic
health care districts (USLs) in Piemonte. We model the demand for health
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care by morbidity condition over time for each of these districts and then
allocate demand to supply, which we take to be specialties in hospitals
within districts. The allocation can be performed in a number of ways -
using historical data on patient flows, or (and as is likely when changing
patterns of supply are being considered) using spatial interaction models
to predict flows of patients. We have already emphasised that due to the
relatively small size and populations of USLs cross boundary flows are of
considerable importance in Piemonte and therefore need careful analysis.
The model we propose therefore has a significant spatial interaction
component, but goes further than this by also including a model of zonal
population dynamics, a morbidity model, a cost model and an accounting
procedure that produces a set of performance indicators as outlined in
chapter 4 and which are detailed in chapter 6.

We have not advocated the use of micro-simulation methods at the
regional level for the following reasons. First, micro-simulation methods
are best used for addressing problems where a fine level of resolution
is required. At the regional level, where we are interested in inter-
district comparisons and the overall functioning of the system this high
degree of disaggregation is not always nacessary. Second, to represent
successfully the characteristics of the population of the 50 local districts
at the micro-level would require a very large sample population. This
would present a number of computational problems that effectively preclude
the use of the method at this level (see Appendix 3 for details).

Instead we propose developing a micro-simulation model for the analysis
of problems at the sub-regional level. The actual spatial configuration of
the sub-region is variable - it could be, for example, the Turin
metropolitan region, or group of USLs or a single USL. This model would
be used for examining policy issues in detail and produce a rich and
variable set of performance indicators. Work with a model constructed on
similar lines for a health authority in Britain suggests that it can be
a highly successful tool for planning at the local level.

The modelling of the supply side is possibly simpler conceptually
but certainly more difficult in relation to data availability. In
Section 5.4, we specify a supply-side model, building on the algebraic
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variables degined in Section 4.2. In this model, we are in effect providing
a detailed description of the system. Policy adjustments would have to be
made directly and the model and performance indicator packages used to
assess the impact of these. As an alternative, we explore in Section 5.5
the possible use of an equilibrium model which calculates some of the main
supply-side variables - not so much to forecast these but more as a

design tool.

5.2 A demand and allocation model 1 : simulation and spatial interaction

at the regional level

5.2.1 Introduction

The model system proposed in this section is aimed at addressing
planning problems at the regional scale in Piemonte. As such it is
particularly designed to examine variations in the demand for, supply of
and utilisation of health care facilities between USLs. The section is
organised as follows. First we outline a model of spatial population
dynamics; secondly, a morbidity model; thirdly, an allocation model
incorporating spatial interaction; finally an accounting model that
produces a set of performance indicators.

The basic aim of the model is to estimate the elements of the array

N?;tm where
i - origin zone of patient
r - hospital in region j (or region j itself)
a - age cohort
s - sex
k - specialty
m - condition.

5.2.2 Demographic model

One of the major determinants of the level of morbidity in a region is
the age and sex structure of the population. In particular the young and
the elderly make heavy demands on the health care system. Craig (1983) has
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estimated that a person aged between 80 and 84 effectively requires 5-10
times the average per capita health care resources of someone 20 years
younger. The message is clear: we need detailed forecasts of future
population change, both in terms of absolute population totals and in
terms of age-sex breakdown.

In this regional model the task at hand is to forecast the age-sex
distribution and totals for each of a number of basic spatial units. In
the following description we do not specify what units there are; we
discuss the problem in terms of data availability later.

The model to be developed will need to address the following processes
for each spatial unit in the system: births, deaths and migration. The
choice of time period will depend on the purpose of the exercise but we
assume something like a 5 - 20 year planning horizon. There are a
variety of account-based population models that could be developed,
ranging from fairly simple methods to very sophisticated ones (see Rees
and Wilson, 1977). We assume that the Piemonte regional planners will
have already developed population forecasting techniques but that this will
have used the comprensori spatial system. There may be a need to
disaggregate this to the USL-Turin system.

5.2.3 Morbidity model

In this sub-model we generate the number of individuals in morbidity
group m (as listed in Table 4) of age, a, sex, s, living in spatial unit i.
We assume for the moment that there is no relationship between demand and
supply of health care facilities although we show how this can be dealt
with in the next section. We also restrict ourselves to acute health care
(hospitalisation) while recognising that primary and community care are
important components of the overall health system.

The only available measure of morbidity is that based on observed
behaviour. We need therefore to make judicious use of existing data sets
if we are to make progress. We assume that it is possible to generate

reliable estimates of the pTaS probability of morbidity condition m given
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age, sex and origin zone. This would be obtained from regionally available
data on patients flows as follows.

If N??S is the number of people living in zone i with morbidity
condition m, age, a and sex, s who are treated in health care zone j, then
the required probabilities are given by

ymas
mas i*
L pas (20)

To improve the reliability of this estimate we would expect several years
observations of N?;s to be used, as certain cell entries in this matrix
for any one year are likely to be very small and subject to random
variation. We would suggest that three years is the minimum number that
should be used and the calculation should be of a moving average.

uTas’ written as uTas
preceeding t, can now be used to generate the morbidity totals at a

(t) and depending on three or more periods

particular point in time.

Mo () = WT25(e)p3%(t). (21)

Here the 1ink between the population model is made explicit - for each time
period for which we are interested in estimating morbidity totals we have
to feed in forecasts of the population totals for each region, obtained
from the model described in 5.2.2. We have chosen to work with

conditions at this stage as this is a patient attribute-specialty on
admission is as much related to the availability of resources as to
patient attributes. We describe how we allocate patients to specialties
and hospitals in the next section.

A final point refers to variations in morbidity over space. p?as s
derived using historical data and will reflect variations in the availability
of services over space. Many observers have pointed out the close
relationship between demand and supply for acute health care (eg. Feldstein,
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1967). By using “Tas in looking at the impact of different spatial
configurations of health care facilities we may not pick up changes in
morbidity caused by changing accessibility to services (though it should
be pointed out this is "revealed" morbidity not an objective measure of
levels of morbidity in the population). To get round this problem we
could substitute regional morbidity probabilities for zonal ones, thereby
assuming constant rates across space. This would be done by calculating

Nmas

mas **

Hk - Tas (22)
f'*

This would provide us with two useful pieces of information. First

a comparison of

mas
¥y

mas (23)
would indicate variations in morbidity rates over space and could be used
as an access indicator (see chapter 6). Secondly, it could be used as an
input into the allocation model to provide an alternative set of
estimates, or alternatively assumptions could be made how u?as would change

, ’ mas . -y :
in relation to u*as if accessibility to acute health care was increased or

decreased in a certain area.

An even stronger assumption to test would be to use

;mas = Max uTas. (24)
i

However, it would be dangerous to do this over all i as some of the

differences could be due to environmental differences or population

characteristics not currently represented such as social class. A better

alternative, therefore, would be

“mas

" mas (25)

= Max p.
/ i
iel

for a number of sets I of ‘'similar' zones.
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5.2.4 Allocation models

In this section we describe how we allocate the morbidity totals by
origin zone, M?as to the supply of health care facilities represented by
specialties, k, in hospital r, in destination zones, j. We propose two
alternative models, one based on historical allocations, the second based
on models of spatial interaction.

The first step in either model is to convert morbidity conditions into
specialty of treatment. This can be achieved in a number of ways. First,
we could use the regional probability of being treated in specialty k
given morbidity condition m. If we define this as probability ekm then it

can be simply calculated from observed data by

Kmxx
km N
e = Mn** 5 (26)
*

The total number of people who live in zone i and require treatment is
specialty k, 05 can now be calculated

o(t) = ok ™I (t). (27)
m

However we know that some specialties (eg. paediatrics, geriatrics) have

age specific admission policies and for some specialties there is a sex
specific relationship (eg. obstetrics). It is desirable that these trends
are picked up where important. In addition specialty of admission can also
be related to origin zone - because of accessibility patterns. We therefore

suggest that these effects should be picked up by using a probability
kmas

matrix 8 which would be calculated as
Nkmas
kmas _ i
6 = mas (28)

1

Again, we would advocate using a number of years data in the calculation of
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e:mas to prevent small number problems arising. To calculate totals for

each zone we simply expand equation (27):

(t) = g egmasM:mas(t)_ (29)
mas

0

Again it is an interesting issue to decide how much information we
retail on the left hand side of (28). We would suggest that this is
something that could only be resolved by a number of sensitivity analyses,
where a series of aggregation schemes were explored and the variations in
model output examined. We assume in what follows that various levels of
aggregation may be adopted depending on the amount of detail required in
the performance indicators that are to be produced.

In the first model we would use a simple probabilistic allocation
model based on historical data. We need to determine the probability of
a person living in zone i who requires treatment in specialty k will
receive treatment in district j, a&-. This is calculated as follows

ij"
K "?3**
44 - Ek:?: . (30)
1*

Then, to estimate patient flows in any given year, t, we calculate

L % %%
™

KF it ot 05(t). (31)

ijoi
Again we could in principle use a higher level of disaggregation, such as

k*as 3 kmas .kmas
Nij (t) = ; Ay 0. (t) (32)

where agmas is calculated from historical data.

A1l this assumes that the matrix aﬁj remains constant over time. With
the likely redistribution and rationalisation of hospital facilities in
Piemonte this is unlikely to be the case and we need to consider how we
could estimate a?i under different dispositions of supply.
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The method that readily suggests itself is the use of spatial
interaction modelling. Spatial interaction models have a relatively long
history in land-use and transportation planning, and have recently been
used in modelling patient flows in health care systems, notably through
the work of Mayhew (eg. Mayhew, 1981). Because ofthe growing interest in
this type of work and the importance of estimating patient flows accurately
we discuss now some alternative spatial interaction models and recommend
how to proceed in this case.

Our main suggestion is that there should be a very flexible approach
to using spatial interaction models in health care_planning. The range of
alternative forms of the model is quite staggering. For example we would
suggest that all the following alternatives need to be considered:

(a) Production, Attraction or Doubly Constrained models;

(b) Alternative distance deterrence functions, such as e
d:8;
ij°

(c) Various levels of disaggregation, at least to differentiate

[y and

between specialties;

(d) The consideration of contiguity relationships - where contiguous
zones are treated seperately from non-contiguous zones;

(e) Alternative calibration procedures;

(f) Alternative measures or representation of the distances or costs

between zones.

An obvious kind of model that estimates patient flows would have the

form:
k k k
0. (t)W. (t)f (d..)
g5 (t) = i r)< i i i (33)
J £0(t)f"(d;5)
J

where d.. is the distance (or cost) of travel between zones i and j and
w?(t) is a measure of supply of specialty k in zone j. wg(t) is often
measured as 'caseload capacity' at j. The functional form of fk(dij)
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1%
-87d. . K
would usually either be e Y oop a__ 3 or it could be determined

empirically. The balancing factor (the denominator in (33)), ensures that
the caseload capacity is met at each supply location, that is

1;Nﬂ.‘jm = Wi(t) (34)

so that the model is attraction constrained. This is not always a

realistic assumption (as observed data suggests) and largely depends on

how we measure w§_t,. An alternative model form would be to assume that

all demand is, nominally, satisfied. This is achieved by using a production

constrained model of the form

k.

. . =B d. .

_ 0%(t) f(wg(t))e Y

J -

Ni(t) = =5 (35)
sfFS(t) ye 1
4 J
J

where the balancing factor ensures
zN T e o:S(t). (36)

j 1J

The functional form of the attractivity term, f(w (t)) could be linear or
non-linear and w (t) measured in a number of dlfferent ways, for example,

the number of beds available in specialty k at j.

Both of these models produce interesting indicators that we discuss
in the next section and we advocate that both models should be calibrated

and used.

The use of the models in assessing patient flows would take the

following form:

(1) Calibrate the appropriate model using existing data. An
appropriate calibration scheme would be to find the value of

le
g~ that minimises
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kobs _ kpred
1] ij 2
=1t ( ; kost ) (37)
1Jj N‘IJ

where obs indicates the observed matrix, and pred the model
predicted matrix.

(11) Taking alternative planned configurations of w (t) re-run the
calibrated model to produce estimates of N (t)

In some cases a higher level of disaggregation may be needed and this
can be readily achieved. For example a production constrained model which
considered morbidity and age, as well as condition and had origin specific

B values could be written as

k
_8d
Ay o".‘“‘a(t)wif(t)e VL
Nij (t) = - X 1 (38)
k.. 8945
ij(t)e

J

The above models have all considered that total zonal supply of
facilities is used and we do not distinguish facilities by hospital. This
can be remedied by substituting individual hospitals for zones, for example

k
-g"d.
k.. ...k, . B ir
Oilt)"r(tle

Ny = . . (39)

-g d;
zO?(t)
i

ir

In addition the above models assume we are dealing with a closed
system. In reality there are quite a number of cross-regional boundary
flows in Piemonte, particularly as we would expect in zones that are on
the regional boundary. These can be handled in the spatial interaction
framework but 1t may prove easier (and more realistic) to account for them

by simple accounting procedures.

Data flows outside the region from each origin zone i will be
available from other regional data bases. This should allow us to
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determine y?q the probability of living in i and recieving treatment in a
zone, q, outside the region. For patient inflows from outside the region
we will only be able to use the totals (as we are not likely to be
estimating population change in all surrounding regions). Let us define
the flows as N:j. Then the revised estimates of 0? can be calculated,

for example, as:

oK(t) =

1 oo (t) - 7 M (). (40)

z =
m 14

In addition when we have calculated the flows from the spatial interaction
model we need to add in flows from outside the region:

Dk = zNg. + Nk. (41)

I Tad

where we define DB as the number of patients treated in j for k. Of course,
using historical data, will not allow us to properly estimate flows when
new facilities are located in zones close to the regional boundary
(including developments in other regions). Here a suitably modified

spatial interaction model would prove useful.

If is already clear that there is substantial scope for model
development and numerical experimentation. Some of these are picked up in
Section 5.4 of this chapter. We now proceed to examine how the model
outputs described so far can be used to develop a set of useful indicators.

5.2.5 Accounting system and indicators

We now describe how the model framework outlined in this section could
be extended to produce further information useful for planning purposes.
This will be taken up in detail in the discussion on performance indicators

that can be found in Chapter 6.

We assume that estimates of the following variables have been obtained

- P?S(t)- population by zone, age and sex
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Mmas(t)- morbidity totals by zone, age and sex

0$Sd(t)- specialty totals by zone, age and sex

. kmas .kmas ” ;

”ij or N;. ~ patient flow matrix

nkmas kmas : . g

25 or Dr patient totals by specialty, conditions, age,

sex and zone r hospital treatment.

To begin with we could convert patient totals into bed days by
multiplying by average lengths of stays. This could be disaggregated by
specialty or condition and age (which is a key variable in determining
lengths of stay). If we define z?a as the average length of stay by
specialty*.and age in district j then total demand for bed days in specialty
k at j (Bg) is given by
B§ -2 £§aD§a (42)

(a note here is that we assume that D?a has been calculated from a
production constrained model so that hospital case capacities are not the
constraint)**, If A? is the number of beds in specialty k at j then, we

calculate bed occupancy, u?, as

B
it o (43)
J T ASx365

(The procedure will need to be adjusted if u is greater than one.)
If we know the average cost per in-patient day by specialty and treatment
zone Cb (the argument is the same for hospitals, r), then the total cost
J

of providing care in j is given by

N
Cj = ECij. (44)
However, all this can be taken as a preliminary indication of what can be
achieved from model output and the details are given in Chapter 6.

5 This is a disaggregation of h? defined earlier.
** This is an alternative to equation (18}.
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5.3 A demand and allocation model 2 : micro-simulation for a sub-region

5.3.1 Introduction

The regional simulation model described in the preceding section is
designed to address regional strategic planning problems. There are,
however, a large number of planning and policy issues that need examining
at the sub-regional or local level. We take this to be either a USL or
group of USLs - such as those comprising the Turin region. Here we need
more detailed information than that available from the regional model.

To achieve this greater level of detail we suggest -that micro-simulation
methods should be employed. Micro-simulation involves using a smallest
unit representation, which in this case we would take to be individuals
and households. - At the heart of the technique is the representation of
populations through samples or lists of individual and household attributes.
This is a very efficient method of storing information when a large number
of attributes are considered, compared with an aggregate, occupancy matrix
approach where the number of cells becomes very large and contains many
zero entries. The successive updating of this sample population over a
number of time periods is termed list processing and involves the use of
Monte Carlo sampling procedures. Further technical details about the

approach are given in Appendix 3.

Although the methodology is different from that used in the regional
model the sub-models we described have a similar overall structure. This
is shown in Figure 7. The first stage in the micro-simulation model is to
generate an initial population of representative individuals and households,
using data from a variety of sources. Second we describe a model of
population dynamics that updates the population characteristics each year
of the simulation period. Third comes a morbidity model that uses
individual attributes as the basis for determining whether individuals
demand health care facilities in the simulation period. Fourthly, we have
an allocation model which interfaces demand and supply. Finally we have a
cost model that allocates cost of treatment to each in-patient and produces
a set of end of period indicators. One of the advantages of the micro-
simulation approach is that it retains a high degree of information and in
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effect any model variable can be cross-tabulated with any other. This
provides a powerful and flexible tool that can produce a large number of
indicators that can be selected interactively by the model user.

5.3.2 The generation of an initial population

Micro-simulation models require a sample population of households
and/or individuals with their associated attributes to be specified at
the micro-level. There are two methods for generating this initial
population. The first is to use published or readily available micro-data
sets from such sources as the census or other surveys. For a variety of
reasons, such as confidentiality these may not be available and in this
case we resort to the synthetic generation of a sample population. For a
full description of these methods see Clarke (1984). In the case of
Piemonte and its sub-regions we believe that individual census data is
available and that this could be used in the modelling exercise. For the
given spatial system we would require micro-data for the following

household and individual variables.

Household
identifying label
household size
tenure
location (USL and/or commune)
number of children
sex of head
marital status of head

Individuals
identifying label
age
age cohort
sex
marital status
occupation
educational qualifications

location.
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To these attributes we add health care and morbidity in the subsequent
models described below.

The census data for the particular spatial system would be randomly
sampled to produce the initial population. The sample size need not be
excessive, we have previously worked with sample sizes of a maximum of
10,000 households (c. 30,000 individuals), and found these perfectly
adequate.

If census micro-data was not available then we would suggest using
the synthetic sampling procedure. This is a straightforward, efficient
and reliable way of generating micro-data from aggregate tabulations.

5.3.3 Household dynamics

Given an initial population one of our modelling tasks is to update
the characteristics of households and individuals each year of the
simulation period. It has already been emphasised that demographic
factors are important determinants in the demand for health care. The
micro-simulation approach involves determining the probability of certain
events or transitions occurring conditional upon various attributes and
then using Monte Carlo sampling to determine which individuals are deemed
to have experienced the particular event considered. A simple example helps
illustrate this approach. Suppose the probability of a twenty-five year
old married woman giving birth in a year is 0.2. We draw a random number
from the range 0-1 and compare this number with the probability. If the
random number is less than or equal to 0.2 then the woman is assigned to

the 'birth' category, otherwise no birth occurs.

The requirement therefore is for a series of conditional probabilities
that cover the range of demographic events. The following processes would

be considered:

(i) birth - conditional upon age, marital status (+ ethnic

variable)
(i1) death - conditional upon age and sex
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(iii) migration - conditional upon age of head of household and
household size
(iv) marriage - conditional upon age, sex and marital status
(v) divorce - conditional upon age of husband and number of

years married.

Not all this information may be available and almost certainly not at the
local (USL) scale. Where necessary appropriate approximations or
assumptions about spatial invariance would be made.

Each individual and household is tested for all eligible transitions.
If a transition occurs then the appropriate attribute is changed and any
concomitant events triggered by the transition are accounted for. For
example a woman giving birth involves the generation of a new individual
with attributes that have to be added to this list. Also household size
increases and this has to be changed. The full structure of a suitable

demographic model is given in Appendix 3,
We should point out at this stage that this particular model would be

useful for examining other systems, such as housing and the labour market,
where detailed forecasts of household and individual totals are required.

5.3.4 Morbidity model

The principal aim of this sub-model is to produce a pool of
individuals with a set of medical and demographic attributes that will be
used in the allocation model. Ideally the approach would attempt to
identify the various channels by which individuals can arrive at hospital
requiring in-patient care. In Britain this has proved possible because
there is some data on the activities of G.P.s. In Piemonte this does not
seem to be available and therefore we have to ignore this step. Instead,
we can use what information is available to construct a similar model but
with slightly less detail.

The model, in outline, is as follows.
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(1) Test each individual to determine if they 'demand' medical care
in a year. This is achieved by using hospital statistics to
determine the probability of morbidity condition m, given age,
sex and possibly district of residence, i. (It may be possible
to include multiple conditions within a year.)

(ii) For all individuals identified as requiring in-patient care
determine whether case is accident and emergency or not on the
basis of age and condition.

(iii1) For each individual determine specialty of treatment on the
basis of condition, age and residence district (perhaps sex also

in some cases).

(iv) On the basis of condition and age determine an expected length
of stay (in days) for each individual. (This may be done either
before or after the allocation process.)

Each of these stages is undertaken using Monte Carlo sampling methods
from probability distributions derived from the regional information on
in-patient activity and the appropriate value for each attribute is added
to the individual's existing attributes and written to a computer file
which effectively contains demand for in-patient care generated internally
with the district or set of districts of interest. To this pool we must
add an estimate of in-patient demand from outside the district (cross-
boundary inflows) as well as all those patients who were on the waiting
list at the beginning of the simulation period and subtract patient out-
flows. This would be achieved on a probabilistic basis using regionally
collected data for each district.

5.3.5 An allocation model

In the next section we outline in some detail a supply side model.
In this section we assume that this is available to us in a particular
form that would allow us to determine the number of bed days available by
specialty by hospital. This may have been derived under one of a number
of assumptions about bed availability but this does not affect the general
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argument.

The allocation procedure would work according to the following scheme,
which basically reflects a priority or ordering system for patients. The
location of hospital at which an in-patient receives treatment is derived
on the basis of historical data, reflecting specialty, age and zone of
residence. This could be modified appropriately to reflect various policy
proposals (see Chapter 7) and would take account of the situation that
could arise when all capacity is exhausted at a particular supply point -
we could either assume that the patient would wait for treatment there or
in fact we would allocate the patient to another hospital, if available.

First, we assume that all accident and emergency patients are treated.
We allocate a hospital and then reduce the available supply in bed days
by the patient's length of stay. Similarly in-flows from outside districts
are assumed to have their demand satisfied and their location is determined
and supply reduced accordingly. This leaves us with the single largest
component of demand, those requiring non-emergency treatment from within the
district. Here we assume that, everything else being equal, someone on the
waiting list from the previous time period receives treatment before
someone from the present period. When all supply is exhausted and/or all
patients have been assigned a location the allocation procedure is complete.
In addition, however, for every patient who is allocated a bed we test for
the possibility of transfer, on the basis of condition, hospital and age.
Transfers appear to be a much more common feature of the health care system
in Piemonte than in Britain, and it is important to incorporate this

feature.

Any patient that is not allocated a bed is written to a file which
effectively forms the end of year waiting list (and constitutes an input
to the next simulation period). In addition this will form the basis of

a useful set of performance indicators.
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5.3.6 Costing and accounting procedures

Each patient assigned to a bed is given a cost per case which is the
cost per day by specialty and hospital of admission (see Chapter 6)
multiplied by the length of stay. This becomes another individual
attribute. To recollect the attributes we have now derived are age, sex,
marital status, residential location, condition, specialty, type of
admission, hospital (and hence district) of treatment, length of stay and
cost of treatment. Any of these attributes can be aggregated and cross-
tabulated or transformed with aggregates of any other attributes. As we
have stated earlier this proves a powerful tool by-which to produce useful
performance indicators. In addition it is also a sophisticated accounting
system - no information concerning the system is lost: It proves simple
therefore to determine, say, the average length of stay by specialty and
hospital under a changing population backcloth. Also we can trace back
the consumption of resources to zone of origin - which again produces

interesting comparisons.

There are possibilities to extend the model even further. For example
in our model of a British system we include a sub-system on the demand for
operative procedures, and hence use of operating theatre time. Furthermore,
it has proved informative to output much of the information of changing
demand and utilisation over time in graphical form and to embed the whole
model into an interactive framework by which the policy maker can
investigate a wide variety of options. We take up this point later, in

Section 7.
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5.4 A supply model

The principles to be used in building a model of health service supply
were established in Section 4.2. Here, we build on the principles to make
the model explicit and then consider a number of approximations which often
have to be made because of data deficiencies.

The principle established implicitly in Section 4.2 is this: an output
measure of the service is established - such as beds by specialty - with
the assumption that the service is managed in such a way that the production
function within a specialty is properly and efficiently organised. In other
words, when the beds are allocated to a specialty, it is assumed that this
‘pulls through' all the other resource inputs needed to supply the relevant
service. This is rather like final demand and intermediate demands within
an input-output model. The coefficients which appear in equation (15) which
costs the provision of a specialty at a location are then like input-output

coefficients.

These supply decisions then have to be combined with other management
decisions to relate the number of beds available in a specialty at a
location to the number of cases which can be treated. In particular, of
course, this is a function of average length of stay.

A model of this form can therefore be characterised by the following

stages:

(1) Specify the production function: y?t are the amount of resources
‘ne

n needed to produce a unit of k in r at J% yjr are the resources needed
to produce a unit of 2; and f;& are the units of & needed by k. This
establishes a unit cost
k nk nk L Tngsngng
o ol Sabelt s LT B o 45
Tir Egjryjr éigjryjrfjr (43)

for suitable unit resource costs ggt and ég&.

(2) Decide on the level of A?r to offer at total cost C?:
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~k .k k
“ir T RipYipe (46)
(3) By deciding average length of stay (say h?r) determine the number

of cases

k, k
i X 365“j/hjr (47)
which can be treated.

This formulation offers considerable insight but is typically not
available in a given study area: the production function is simply not
known at the specialty level of resolution - neither unit 2- and n-inputs
nor the unit costs are known. However, it is worth formulating the model
in this way, partly because it offers a goal to aim at as accounting systems
are improved and partly for the insights it offers towards the construction
of performance indicators as we will see in Section 6 below. In practice,
it is necessary to work with more aggregative or approximate models and we
now explore various possibilities in these directions.

The most obvious possibility is to work with quantities which are
aggregated over specialties, but this approach is of little use for planning
purposes. A second possibility which offers potentially very rich
information is to argue that staffing costs represent of the order of 75%
of the total and therefore to focus on the subdivision of staff in the
different categories into specialties. Let Lgt be the w.t.e. (whole-time
equivalent) staff of resource-type n 'allocated' to specialty Ekiskhospita]

r in j. Let A(])nk be the unit cost of such staff.Then ¢ A(]) L. . (where
jr nel 97 jr

nel denotes n in the set of staff categories) will be a major contribution
towards specialty costs. Other 2- and n-inputs could be approximately

3\
allocated to specialties, say by coefficients A(z) and ‘7’ respectively

to provide a specialty cost estimate as

KLk @kt Gk

c L : .
ir 7 ggar

_ iy (48)
AP el R S P

where 6%f is total expenditure on (eg. crerating theatres, which ought
R
to be available) and C?r the total n-expenditure (n¢L) in r in j. It may
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3)

be possible to estimate elements of A(z) or A( quite precisely - eg.

through operating theatre records or pharmacy records.

Since, even in the best circumstances, much approximate estimation
will have gone into (48), the final step will be to normalise to known
total expenditure - i.e. to calculate C?r as

k ~k
er = chr (49)

with K calculated so that

k
ck = cx
ZCj, ct, (50)

which should be a known total.

If it is not possible to persuade people to estimate coefficients like

A(Z) or A(3) then another possibility is to take

kg (1nknk

i e 3 + other allocatable costs (51)

and then to put the rest into a non-allocatable pool.

Finally, we can turn to a variety of specialty cost models. These
are basically of two types - cost-accounting methods which attempt to
extrapolate from a survey in one place, where detailed estimates have been
obtained, to another; and those involving regression methods. For a

survey, see Cybertron (1983).

The cost accounting method is associated with Magee (Magee and
Osmolski, 1979). He carried out surveys in eight hospitals, allocating
costs to specialties and estimating specialty costs/case which it was then
assumed could be applied nationally. This cost/case represents an overall
average for each specialty. This assumption is challenged by the bases of
the main regression alternatives - and in particular the one developed under
RAWP (Resources Allocation Working Party - D.H.S.S., 1976). They assumed
that the typical cost/case is made up of two elements: treatment costs and
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hotel costs, the latter varying by length of stay. Thus local average
specialty costs could then be affected by the different local average
lengths of stay (which are known to vary considerably). Because this
formula is frequently used, it is worth stating:

k _ vk, k k. k

er = Xjr(a +b hkr) (52)

k Kk

where hgr is average length of stay for k in r and a" and b" are
regression coefficients. There are adjustments to be made for London
hospitals and for the teaching roles of some hospitals. It is obviously
sensible if this kind of formula is used for allocations to scale it as
in (49) to produce correct total costs for a hospital - and such scaling

factors can then possibly be given an efficiency. interpretation.

There is a problem with both classes of model in relation to the
principles of approach developed in the first part of this section. They
use 'cases' as an input rather than costing the inputs in the provision
of a service the output of which is beds and ultimately cases. However,
to rectify this in a model which involves substantial approximation is
difficult. We end by reporting the model we have used ourselves which is
a variant of the Magee model - adapted to use more 'local' information.

In this sense, it does overcome some of the criticisms made by regression
analysts of the Magee model since the local variation which is built in
could relate to, for example, local length of stay as well as other factors.

The approximation method we recommend is a balancing factor method
which relies on two main sources of input data. The first is the actual
costs for hospital r of the nth resource, E?r say. The second is the unit
cost of a resource input to support a unit of specialty output (which is a
bed in that specialty) say Ynk' (This could be any proportionate measure
in money units - the overall units are taken care of by the balancing
factor). We wish to calculate F?E, the unit cost in hospital r of resource
input n needed to sustain a bed ?ﬁ specialty k. (N.B. We are not
considering :-type inputs here, though it is possible to add these back

in.)
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The key assumption is that r?t is proportional to Ynk modified by a
factor Vgr calculated to ensure that total hospital costs by resource are

correct. That is

nk n nk
I‘J-r = ery (53)
with v calculated to ensure that

[
1

Ca

k' nk' _ an
LAeTir = Gr (54)

where A?r is the number of beds in k at r. Substitution from (563 ) into (54 )
shows that

vgr L égr/f|A§ry"k (55)
SO
&n Ynk
nk _ “Jjr
Tir = KR (56)
LA, v
R

-~

Cgr is being apportioned to k by the factor Ynk with the addition of a
balancing factor to maintain the accounts. This is more closely related
to the Magee method than the regression method because a detailed survey
is needed somewhere to establish the Ynk, which can then be transferred
elsewhere with 'corrections' provided by Egr and the balancing factor.

But because the unit costs are calculated separately for resource inputs,
n, the main criticism of the Magee model can be avoided: different n's
will be reflected in treatment costs and resource costs and if the latter
are more expensive in one place than in another because of a longer length
of stay, this will be picked up indirectly through variations in Cgr.

Total specialty costs can now obviously be calculated as

ck = prnkak (57)
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SO,
an Ynk
R sk o jr
n EAjry
kl

In order to calculate these local unit costs and total specialty
costs, account has to be taken of the existing disposition of beds.
However, projections can be made if the unit costs are assumed to remain
constant while the budget allocations are changed. (If necessary the unit
costs and total budget could be altered differentially to allow for

different rates of inflation.)

Assume constant prices and suppose there is a new Cgr - a set of
budget allocations, by n, to hospital r for a new period. There are then
various ways of proceeding, each accomplishing different objectives.

(1) New r?i could be calculated from (56) (with fixed A?r), a new
C?r could then be calculated from (57) and the improved budget could be
used to improve service levels (or, negatively, this procedure could be

used to generate ‘uniform' cuts).

(2) Assume P f1xed - 1 e that the service levels are adequate.
Then the percentage change in LJ_ could be applied as an overall percentage

k
change in Ajr'

(3) Now consider possibi]ities of more active policy intervention.
Suppose in general T, E and A are to be kept fixed, but tgere are some
planned changes 1in serv1ce 1evels by adjustment of some I 's and in beds
by adjustment of some Akr . This would probably also mean differential
(with respect to n) changes 1in C (57) would then function as an

accounting equation and all adJustments would have to be made so that the

overall accounting equation

T | e
2Ce. = ECJr z er (59)
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was satisfied. The ‘manual’ juggling involved in this procedure is typical

of a policy-making process.

(4) In principle, it would be possible to state optimisation problems
which may help policy-making (essentially as design tools) but this needs a
closer statement of objectives. We explore the possibility again in the

context of performance indicators in Section 6.

5.5 An equilibrium model as a design tool

We mentioned earlier that there was a possibility of developing an
experimental model which predicted key supply-side variables using the same
mechanism as the retail sales model. In this case, the outcome should not
be taken in any way as a forecast but may be useful as a design tool.

Suppose we work at the district scale for the supp]y side and attempt
to pred1ct the allocation of beds by specialty, {A }, across districts.
Let {I } be a set of performance indicators per captta, L =1, 2,
for the res1dents of zone i relating to specialty k. Let W, be a set of
weights so that
2w, 1§ (60)

) 1L

can be taken as a composite indicator. Let Kk be a single scaling factor

calculated so that

Kgw 1. = zck. (61)
L J J

Let T be the mean of the composite indicator (and recall, per capita).

Consider the quantity

k —
K iwﬂl.g - I. (62)

If it is negative, residents of 1 are doing re]at1ve1y badly; and vice
versa. So the equilibrium problem is: find the {A } for which
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K'ow, I, = (63)

for each i. The Iiz's will be (nonlinear) functions of the A?'s.(because
of the balancing factors in spatial interaction models), and the A:'s

J
resulting from this will be the 'equity solutions' which may be taken as

design targets.

A simpler procedure might be to take Rf, the expenditure on residents
of i on specialty k (which we show how to calculate on a function of all
the A?'s in Chapter 6), and

¥ = Mean(RY/P.}. (64)

Then find AK such that

J
RI/PS = F (65)
for each i. Again the R§ will be nonlinear functions of the A?‘s.

This is a field where research may be productive.
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6. Performance indicators

6.1 Introduction

We noted in section 4.2 that we would be concerned with the region as
a whole (whose performance is to be compared to other regions), with USLs
(or in some cases groups of USLs, particularly in the case of Turin) and
hospitals. We will wish to develop performance indicators at all these
scales. The principal scale, however, for our present purposes is
probably the USL as the unit for which services are provided for the
population. However, the relative emphases on different spatial scales

will become clear as we proceed.

We will use the headings developed in Section 4.2 to organise the
argument: (i) population backcloth and demand; (ii) multidistrict
organisation and performance; (iii) supply: provision and organisation;
(iv) utilisation; (v) efficiency and (vi) access. Strictly, only
indices under the last two of these might be considered to be performance
indicators, but as part of the whole package, it is appropriate to develop
profile information which is subsequently useful in the calculation of
indicators and is directly useful as a backcloth.

It is useful to make a number of general points at the start. First,
in many cases performance indicators can be calculated either from data
for a particular year or from model outputs. Sometimes the difference
between the two is itself a useful indicator: a model estimate of a unit
cost might be an 'expected' cost for instance and the difference between
this and the actual cost can be taken as a measure of performance. In
general, however, it is probably more accurate to calculate from data and
to use model outputs only to test the expected change in performance
indicators following a policy change (though possibly as a model -model
change rather than a data-model change for consistency). This carries
another implication for information system design and model use: that is,
time series of performance indicators should be accumulated. They provide
an account of trends. They provide a check on model projections as the
data 'catches up' with the model, and this may lead to model improvements.
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In some cases, as we have already seen in the section on specialty costs
(5.4), some kind of moving-average estimate from the time series may be a
better estimate of the quantity being represented.

A second general point relates to norms and standards. There is
always the possibility of introducing a degree of arbitrariness in the
interpretation or even calculation of performance indicators. However,
the important thing is to be prepared to develop and use performance
indicators over a period of time and norms and standards, where they need
to be used as a basis for comparison or declaring whether something is
effective or not, can be continually refined in relation to ongoing policy

evolution.

A third general point emphasises the relatively new form of planning
implied by the use of models and information systems to calculate a large
battery of performance indicators relative to the more traditional use of
a small number of evaluations such as consumer surplus. The range, for
systems such as the health system, reflects the great complexity of the
system, and incremental planning to improve performance indicators may be
more effective in these circumstances than, for instance, grand

optimisation schemes.

With these considerations in mind, we proceed through the main

headings listed above.

6.2 Population backcloth and demand

The incidence of illness by diagnostic group (m) and specialty (k) -
considered here by specialty as p?as from equation (1) - is a good example
of a set of quantities for which a time series should be available. The
same comment applies to the expected number of cases by specialty i?as.

It is this which will play an important role later both in relation to

waiting lists and to indicators of access.

In Section 4.2, we also calculated a standardised population for a

district, Pi‘ It would now be useful to calculate the ratio
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P'/Pi (66)
as an index of relative need.

6.3 Multidistrict organisation and performance

In Section 4.2(ii), we calculated catchment population, Zj and Z?,

for districts. These are the notional populations served by that district
allowing for the fact that some patients will take themselves, or will be
referred by G.P.s, across district boundaries to seek the most specialised
or best facilities. A number of super-specialties will only be supplied

on this basis because their provision can only be sustained by a population
much larger than that of a single district.

This means that in assessing performance in a district, most indices
which are to be calculated per capita should be calculated per head of
catchment population rather than resident population.

There is a converse to this argument, of course: when we assess the
expenditure on health services on behalf of the residents of a district,
we must take into account services from other districts through the array

k ; .
Nij’ i

Useful summary indicators can be constructed to represent the degree
of self-containment of a district. It is useful to define Ni to be the
set of districts (not including i) which are neighbours of i; R; to be
the set of districts in the rest of the region not including Ni; and R
to be the set of districts in the region. Then the following indicators

measure self-sufficiency.
ik k
Nii/ﬁij (67)

- the percentage of residents treated in the same district.

SO T s
L N].J.;‘:Nij (68)
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- the percentage treated in neighbouring districts

£ / NE. (69)

Jeﬂi 4 g4

- the percentage treated in the rest of the region

JiRN]J/ZN ; (70)

- the percentage treated outside the region.

A similar set can be defined in relation to catchments:

k k
Nii/ZNs, 1)
J
N iz Nk (72)
JeN Ji
k
N / L N, (73)
JeR 31
k k
NSO NS (74)
11 jtR Ji

For the first set, if the last two are high for any k, this implies a poor
local service. For the second set, the indicators provide a measure of the

importance of i in a wider catchment.

Finally, we need to keep in mind the point also made in Section 4.2
that indices based on catchment populations will reflect the current
organisation and distribution of services across district and and
divisor will change as a function of changes in this provision as well as

from changing population.
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6.4 Supply provision and organisation

Here we can draw on Sections 4.2 and 5.4. If a detailed supply model
is available, then the various unit resource inputs and their costs are
important indicators in their own right, but we pick these up in relation
to efficiency in 6.6 below. Here we concentrate on provision by specialty
measured in terms of beds and expenditure. Useful indicators are then

K,k
AL/ (75)

- beds in the district j (not the hospital, jr) per head of catchment
population, and

k -k
¢§/2; (76)

- the corresponding expenditure per head by specialty. It may also be
marginally useful to look at the totals

*
Aj/zj (77)
and
*
Cj/zj' (78)

This is an appropriate stage of the argument to make the point that
hospital provision (and indeed need and utilisation) will in part be
determined by provision at other levels, particularly community services.
It is important, therefore, to list as indicators quantities like the

following:

Health centre§/100,000§i (79)
G.P.s/]O0,000Pi L (80)
ambulatori/100,000P, - (81)
district nurses/]OO,OOOPi (82)

and/hospital case (83)
heaith visitors/100,000P, (84)

and/hospital case (85)
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health visitor cases/100, OOOP (86)
cost of community staff/P (87)

In some cases, districts may be showing unusually high need and hospital
provision because they have poor community service provision.

6.5 Utilisation

We now have to consider how the available facilities are used. The
crucial terms to define here are hk, average length of stay in the district
by specialty and uk, the percentage of beds (u bed days) occupied. The

number of cases treated in a year is

x;‘ 365A /h (88)
(or alternatively, if XE. is given as data, (88) can be used to calculate
k J
uj).

6.6 Efficiency

We begin by looking at provision, and as noted earlier, unit resource
imputs and unit costs are all important indicators of efficiency:

2k - 2k, .k 89
f F IA; (89)
nk= nk k 90
Y] Y /A3 (90}
~nk - snk , g% 91

(which are repeats of equations(]Z)-(]4) but at the district scale rather

than the hospital scale) and

g} (92)
and
“neg (93)
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are the corresponding unit costs. The definitions of k, n and 2 from
Tables 1, 2 and 4 then specify a large number of indicators through (89)-93).
Even if a complete set is not available because of data limitations, then
a number of them are likely to be. At worst, it may be necessary to
aggregate over specialties - for example to take from (89) operating
theatres per hospital bed.

Length of stay

k
n' (94)

and occupancy rates

u§ (95)

are also measures of efficiency.

In all these cases, it is likely that efficiency should be measured
against norms. While length of stay, for example, should in general be as
low as possible, it should not fall below some standard which would

indicate a poor level of service.

The efficiency indicators examined so far can be combined to some

extent by looking at cases per bed by specialty:

x</ak (96)
Jd J

and cost/case

K, k
C/X;- (97)

This last set of indicators can be made more explicit and related to unit
resource inputs and costs by using equation (11) (aggregated for districts):

k
A.
kK J w.nk.n SARTML K
Ci/R% = ¢ (Tg. y. Ty RE
J/AJ i _th Y + ngJ Y; f. 1 (98)

J
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If we substitute for X? from (88),

h [):gnkyr,]k i gnz n!I,ntL]
k n< < ng J
/XJ ] (99)
65u.
3 uJ

This shows very clearly that the way to minimise costs per case is to
minimise the g, y, é and § coefficients, to minimise length of stay and

to maximise occupancy. Experience in Britain shows that there may be great
variation across hospitals and districts - reflecting different practices -
in the last two quantities.

We should note, for here but also for earlier sections, that some work
needs to be done on the particularities of individual specialties. A good
example is obstetrics where, unusually, there is an output measure: the
percentage of births which are live. In that case also, there are special
facilities like delivery rooms and it is possible to construct indicators
like delivery rooms per obstetric bed.

We should also note the more general point that it is not necessary to
despair if all the elements of the right hand side of the cost/case
equation are not available. In many instances, some but not all of the
g's and y's will be available: they can still be examined in their own
context and possibly also redefined as total inputs or costs per case rather
than per bed (or per unit of input to a bed). In some cases also, it may
be possible to use specialty cost models (cf. Section 5.4) which work out
directly elements of cost per bed so that combined coefficients like g;
and y?K would be replaced by, say, ¢;k or even ¢§k. Thus (98) might become

Ak
kK J nk
. X S == . ]00
Cy/X; K 244 (100)
J
ko k *k kK
? XD = 6. AL/X 101
oY CJ/ i ¢>J AJ/XJ (101)

with the ¢-coefficients estimated from one of the models in Section 5.4.



- 57 -

Finally, it should be remarked that while most of the argument in
this section has been pitched at the district level, it will often be
appropriate to repeat it at the hospital scale, though overall we still
feel it is the quality of district provision in total which counts.

6.7 Access

Two rates provide a starting point in examining access to health

care:

o
?Nij/Pi (102)

where ﬁi is the standardised population, so this is the crude hospitalisation

rate. The equivalent rates by specialty are

NK Pk, (103)
j 1371

The crude treatment intensity rate is

.7 104
i_:NU/ZJ (104)

and the corresponding specialty rates are

kK -k
NS /z%. 105
;T.U/ZJ (105)

Significant variations from the average of any of these rates are likely to

be useful indicators of access.

It is particularly interesting to compare provision in a district
across specialties. There is always the possibility of an unreasonable
distribution, perhaps because of the influence (or lack of it) of particular
consultants. Another way to present the information to facilitate this
scrutiny is to calculate (at existing length of stay and occupancy rates)
the number of beds needed to serve the residents of a district. Formulae

were given as (17) - (19) in Section 4.2(vi) above.
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This calculation can also be done in reverse. Let Xk be an estimate
of need in i so that (N; /N*J)Xk
expected to be dealt w1th in j. These cases would be converted to actual

might be the proportion of these cases

beds in j by a factor

K
—l (106)
365u
so that k k
gt ol ng stk (107)
J 365u§ i Nk 1

-i*

will be an estimate of beds needed. We can then look at the vector

21,81 a2,72 43,73

A./A., AS/AZ, AS/AL .. L.

[A;/ i A/ASs AS/AS ] (108)
Ideally, each element should be near to 1 and any divergence can be interpreted
accordingly. What we would be seeking here would be balance. Any imbalance is
likely to be reflected in waiting lists or bed surpluses.

Another powerful indicator of access by the residents of a district is

the per capita expenditure on those residents. For specialty k, this is R?

constructed as follows:

Nk
e (109)
i TP Yy
J"*j
and in aggregate
*
. NG
R: = 2—-—(:.. (]]0)
I j N .
*J

If C& is not available directly, it can be estimated by taking, say,

J
regression proportions of actual total costs.

A very effective indicator is then expenditure per head of

standardised population:
RS /P (111)

or RL/P. (112)

(which can also be compared to (76)).
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One further point needs to be made about these particular indicators:
that is, they can be disaggregated further with ease. Much more information
is available and retained about people in the micro-simulation model, for
example, and this can be linked to health service useage. This means that
indicators like (111) and (112) can be computed, for example, for different
social groups. A similar point can be made about services supplied: the
indices could be calculated in relation to different resource inputs just
as easily for total expenditure by specialty. It would also be possible
to compute expenditure by diagnostic group as an alternative to specialty.

6.8 Summary: indicators to be generated; uses.

Two kinds of point need to be made by way of summary: the first
relates to the list of indicators generated; the second to the ways in

which they can be used.

An enormously long list of indicators has been suggested in this
section - a list which is formally drawn together in Table 8. If print-
outs of these were generated in full, this would produce an extremely
fat volume or volumes. Something has to be added, therefore, to show how
it is possible to cope with this volume of information. Three points can
be made in this particular context. First, the indicator part of the
information system should be designed as a user-friendly interactive system
on the computer so that it can be used by a wide range of people. Secondly,
it is probably important still to produce some printed inforamtion, and for
this reason some indicators should be defined as key indicators, and
suggestions for this set are made in Table 8. Thirdly, it should be
possible to add some analytical cepability to the information system for
the automatic printing out of indicators which differ either from norms
or from regional averages by an agreed factor times a standard deviation.
This would at least demand further investigation.

The second broad point relates to use. We have already indicated
that management and planning using performance indicators differ as
processes from those in situations where model-based optimisation or simple
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impact-forecasting procedures can be used. They represent a greater
degree of complexity. Nevertheless, they do provide a basis for improved
decision-making - for the development of policies which can lead to
incremental improvements, and occasionally for major shifts in policy
where indicators in particular areas show the existence of severe problems

and inadequate provision.



1. Using the system: examples of possible planning and policy testing

1.1 Introduction

In Section 5 we descrihed four different types of models that could
be used for the analysis of policy and planning issues in the Piemonte region
and in Section 6 developed a series of performance indicators that would
inform and enhance the planning process. In this section we make some
suggestions as to the type of policy issues the models could address by
presenting a number of examples of health care prohlems and how these would
be represented in the various models. This ’'poiicy-model interface’' 1Is an
important area for careful analysis and we hope by presenting a number of
examples we give an impression of how potentially useful the meodels could
be.

The first example uses the regional model to examine the general
reduction and relocation of facilities in Piemonte. The second and third
both use the micro-simulation model to look at more detailed policy issues
at the locai scale.

1.2 The impact of rationalisation and relocation of health care facilities

We have already noted that Piemonte is almost certainly over-provided
with hospital beds. The consequence of this is probhahly inefficiency,
particularly through excessive lengths of stay”, and conseguently higher
than necessary costs. In addition, like most regions there is a
maldistribution of resources, in that the Turin metropolitan area has a
higher than average provision at the expense of other areas. It would
seem a logical step to enquire how facilities would be redistributed in
the region so that generally improved and more equitahle levels of
accessibility were achieved. However, hospital closure, or euven the
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Figure 8 shows a comparison of the length of stay distribution
for Piemonte compared to that for an equivalent British population.



