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FOREWORD

The principal aim of health care research at IIASA has
been to develop a family of submodels of national health care
systems for use by health service planners. The modeling work
is proceeding along the lines proposed in the Institute's cur-
rent Research Plan. It involves the construction of linked
submodels dealing with population, disease prevalence, resource
need, resource allocation, and resource supply.

This paper analyzes in-patient hospital care in Poland,
using DRAM (Disaggregated Resource Allocation Model). For the
study, parameters for eight treatment categories, one mode of
care, and three health care resources were identified and em-
pirical results were obtained using 1969 and 1970 data. Pre-
dictions of resource allocations for general medicine, general
surgery, and obstetrics and gynaecology have also been presented.

Related publications in the Health Care Systems Task are
listed at the end of this report.

Andrei Rogers
Chairman

Human Settlements
and Services Area
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ABSTRACT

This paper presents a further application of DRAM, which
was developed at IIASA to help health care planners in analyzing

and evaluating resource allocation decisions.
This time an effort has been made to calibrate DRAM for

in-patient hospital care in Poland. The parameterization pro-
cedures have been performed for eight patient categories (child
surgery, general medicine, general surgery, obstetrics and
gynaecology, ophthalmology, otorhinolaryngology, traumatic

and orthopaedic surgery, and paediatrics) and three resource
types (hospital beds, hospital doctors, and hospital nurses).
The data set consists of 22 administrative regions in 1969.

The ability with which the submodels were able to repro-
duce the actual allocations varied from one treatment category
to another. (Six submodels were used: 3 one-resource, 2 two-
resource, and 1 three-resource submodels.) Thus following the
critical analysis in section 4.11, the three patient categories
(general medicine, general surgery, and obstetrics and gynaeco-
logy) that appeared to reproduce the allocation patterns most
successfully were chosen.

The reevaluated DRAM for reduced number of categories and
for two resources -- hospital beds and hospital doctors -- was
then used to predict resource allocations in some regions.
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THE ITASA HEALTH CARE ALLOCATION MODEL DRAM:
CALIBRATION USING DATA FROM POLAND

1. INTRODUCTION

DRAM (Disaggregated Resource Allocation Model) has been
developed by the Health Care Systems Task at IIASA (Gibbs 1978;
Hughes 1978a,b,c; Aspden 1980) to help planners in allocating
resources for health care systems (HCS). With this model one
can analyze the consequences of a certain mix of resource allo-
cation for the provision of health care services. The model is
currently being tested by groups in several countries, and some
results from this work are now available for comparison. 1In
general, these results indicate the broad applicability of the
model to different sectors of the HCS (acute care or care for
the chronically ill and elderly), and to countries (such as
Canada, Czechoslovakia, and the UK) with substantially different

philosophies of health care provision.

Based on the procedures set out in Aspden and Rusnak (1980)
and Aspden (1980), this paper begins with a brief description
of DRAM and is followed by a section presenting basic informa-
tion on in-patient hospital care in Poland, the choice of treat-
ment categories, and definitions of the DRAM variables used in

this Polish case study. Information on the DRAM parameter
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estimation process and how it is applied to several proposed
models is then given. The paper ends by showing how DRAM
could be used to investigate some chosen planning issues for

Polish in-patient hospital care.

The growing interest of the Ministry of Health Care and
Welfare in the application of modern systems analysis to health
care system management has encouraged the author to initiate
these studies, and it is hoped that the research will continue.

2. A HEALTH CARE RESOURCE ALLOCATION MODEL: DRAM

Health services cannot be administered in a rigid, centra-
lized way. In every country, it is the doctors who ultimately
determine the use of health care resources (e.g., hospital beds,
doctors, nurses) available to them. The specific question un-
derlying DRAM is: If the decision maker provides a certain mix

of resources, how will the health care system allocate them?

There are two assumptions about the behavior of the health
care system in DRAM. First it is assumed that there is never
sufficient supply of resources to meet all the potential (or
ideal) demands for them (Feldstein 1967; Rousseau 1977).

For changing resource availabilities, the model simulates
the balance chosen by the many agents in the system (doctors,
nurses) in terms of treatment categories, alternative combina-
tions (modes) of care within the same treatment category, and
quantity and quality of care. The second behavioral assumption
in DRAM is that the health care system behaves as if it were
maximizing a certain preference (or utility) function, which
increases with the number of patients treated and the resources
received by each. The parameters of this utility function can
be inferred from past allocations thus enabling health care
planners to investigate the consequences of different alloca-

tions of resources.



There are J treatment categories (j € J = {1,2,...,J}),
K treatment modes (k € K = {1,2,...,K}) and L resource types
(1et=1{1,2,...,L}).* The definitions of the variables used

in DRAM are as follows:

xjk = numbers of individuals in the j-th patient category
who receive resources in the k-th mode of care (per

head of population per year)

Xjk = the ideal number of individuals in the j-th patient
category who should receive resources in the k-th mode
of care (per head of population per year) assuming no

constraint on resource availability

Yik1~ supply of resource type 1 received by each individual
in the j-th patient category in the k-th mode of care

ijl= the ideal levels of supply of resource type 1 for
each individual in the j-th patient category in the
k-th mode of care assuming no constraint on resource

availability*#*

R = the availability of resource type 1 (per head of

population per year)

C = marginal cost of resource type 1 when all demands

are satisfied

The utility function (Z) used in DRAM depicts the many
agents who control the allocation of health care resources
as trying to attain ideal levels of service (X) and supply
(Y). However, their desire to increase the actual levels
of service (x) and supply(y) decreases as these levels get
higher. The costs of different resources are introduced in

such a way that the marginal increases in Z, when ideal levels

* .

In the paper J=8, K=1, L=1,2,or 3 depending on the DRAM type,
i.e., for a one-resource model, L=1, for a two~resource model,
IL=2, and finally for a three-resource model, L=3.

* .
*In the sequel, x,y are used to denote {x-k},{yjkl} respectively,
with a like notation for similarly subsc}lpted vdriables.



are achieved (x=X, y=Y), equal the marginal resource costs.

Beyond these levels, extra resources are only useful as
assets and not for treating patients. The utility function
(z) is a weighted sum of monotonically increasing, concave
power functions. These functions assume consistency in the
aggregate behavior of the health care system. These consi-

derations can be expressed in the following mathematical form:

subject to

Y ) X.. Y. = R ¥
3K jk ikl 1 1
where Z
. X
1) g.k(x) = 1 - (———)
Jj X.

C, Y.
= 1 "Jkl - y

Bkl

3) aj(> 0) is a parameter measuring the relative impor-
tance of treating the ideal number of individuals

Xjk (higher values indicate greater importance)

4) Bjkl(> 0) is a parameter measuring the relative impor-
tance of achieving the ideal level ijl (again, higher

values indicate greater importance)



Hughes (1978c) has shown that the solution of the optimization

problem formulated inequation (1) is as follows

-1
Bjkl+1
Yik1 = Y9x1 1) (2)

where ujk is a weighted sum

Lol vaq v

1 €1 Y31 Ykl
“jk 2
1 C1 Y1
of the terms
Bik1
ISl
Vikl = (Bjkl +1) Ay 1] B3k

and where Xl are the solutions of the following set of equations

-1 -1
Bjkl+1 aj+1

o m + 11
j ok

The algorithm for determining the solutions (equations 2 and 3)
has been developed by Hughes and Wierzbicki (1980). This al-
gorithm has been programed, and requires no specialized soft-
ware. Experience has shown that the computer program is

easily transferred from computer to computer.



3. AN APPLICATION OF DRAM TO IN-PATIENT HOSPITAL CARE IN
POLAND

3.1. Introduction

In this section some basic figures and management char-
acteristics of the Polish health care system's in-patient
hospital care activity are presented. The aim is to para-
meterize DRAM for in-patient hospital care data and to use
the estimated parameter set to investigate the consequences
of the changing mix of health care resource allocation on
the health services supply level. (Out-patient care will be

briefly discussed in section 4.3.)

Data for 1969* is used for the DRAM parameterization and
the results are tested with 1970 data. (These years were
chosen because of the consistency of the data.) Eight treat-
ment categories are chosen and some measures for the different

resource types are proposed.

3.2. In-Patient Hospital Care in Poland

In 1969 Poland was divided for administrative purposes
into 22 regions. There were 19 so-called voivodships and five
large-city districts, among them Warsaw -- the capital of
Poland. Medical in-patient and out-patient care units were
mostly managed by local regional decision centers; however

total expenditures for the health care system were defined

*In 1973 the reorganization of the Polish health care system
resulted in the integration of in-patient and out-patient
care services. After this time, data sets for in-patient and
out-patient care were difficult to obtain because of changes
in the administrative structure of regions in Poland (49 re-
gions instead of the former 17) in 1975. Therefore the model
calibration has been performed for the time period when data
were to be collected in a consistent way.



every year by the parliamentary budget and then allocated among
regions in a fairly rigid way by the Ministry of Health Care
and Welfare. The Ministry, according to the existing regula-
tions, is suppoéed to control all the aspects of health care
services delivery, but a continuous process of decision decen-
tralization, e.g., passing some controls to local governing

and planning bodies, is under way.

Each region serves a population of about 1,500,000 on the
average and covers about 14,200 square kilometers (or 18,300
sq. kilometers if the town districts are excluded). The five
large-city districts have some slightly unusual features.
Usually they are the seats of the biggest teaching hospitals.
Also they provide standard services as well as some rare and
sophisticated ones. These are usually expensive, however,
and require special facilities and a highly qualified medical
staff.*

3.3. The Choice of Treatment Categories

Following Aspden and Rusnak (1980) and Aspden (1980), the
"treatment specialities" approach has been adopted, because
it relates well to the available data for Polish in-patient
hospital care, and it allows for comparisons with previous
research. Moreover,in Poland as in Czechoslovakia and the
UK, most measures of hospital resources are for treatment
specialities. Because a consistent set of data for provided
services and corresponding resources is a prerequisite of the
DRAM parameterization process, the treatment specialty approach

is appropriate for Polish in-patient hospital care description.

Future research should consider the "catchment population
versus resident population" problem to adjust better supply
and service variables for this special subset of regions and
to avoid bias in estimation (Mayhew 1981).




For this analysis, only the general hospitals of the
Ministry of Health Care and Welfare, which are financed
by regional budgets, are considered. 1In Poland there exist
independent health care systems of the army and the Ministry
for Transportation as well, but they are financed indepen-
dently by the corresponding ministries and provide the ser-
vices only for minor parts of the population. The analysis
also does not include the majority of hospitals providing
services in rare specialities, which are normally financed
from the central budget. Basically, at the time of analysis
there were 33 treatment specialities (hospitals wards) de-
fined in the statistics of Polish hospitals. Of course, not
all of them existed in each hospital or even in every region.
The range varied from about 30 treatment specialities in

Warsaw to some 15 in rural regions.

One should recall here two important requirements of the
DRAM parameterization process:

(a) The paramete£ estimation process will be carried out
on cross-sectional regional data, which implies the
adoption of the same utility function Z(x,y) (equation
1) for different points in time and space.

(b) In the DRAM formulation the resource levels are treated
as continuous variables.

From (a) it follows that for each chosen treatment category
the area has to be self sufficient, thus excluding the nar-
rower regional specialities from the analysis. Assumption

(b) implies that the basic unit of each resource should be

small compared with the total amount of resources allocated
to a treatment category and that the variables used in DRAM
should have reasonably comparable magnitudes. Hence treat-

ment categories should not be too small.

Having considered the above assumptions and indications,

the following set of treatment categories was chosen:



Child surgery

General medicine

General surgery

Obstetrics and Gynaecology
Ophthalmology

Otorhinolaryngology

Traumatic and Orthopaedic Surgery

Paediatrics

This is almost the same set of treatment categories that was
selected by Aspden and Rusnak (1980) for Czechoslovakia and
Aspden (1980) for the South West Health Region in the UK --
the only change being the introduction of child surgery.

The above eight treatment categories accounted for more

than 70 percent of the total number of patients in hospi-
tals in 1969 [see Rocznik Statystyczny Ochrony Zdrowia 1974
(1975) 1.

Data on the numbers of patients and on the supply levels
of resources for each treatment category were taken from
statistical yearbooks of the Main Statistical Office, Roczniki
Statystyczne 1969, 1970 (1970, 1971); Yearbooks of the Ministry
of Health Care and Welfare (Biuletyny Statystyczne Ochrony
Zdrowia 1969, 1970 (1970, 1971); and some were received from
the Information and Medical Statistics Unit of the Ministry

of Health Care and Welfare, Warsaw, Poland.

3.4. The Resource Measures for Hospital Beds, Hospital
Doctors, and Hospital Nurses

Aspden and Rusnak (1980) and Aspden (1980) have chosen
two fundamental types of resources used in in-patient hos-
pital care: hospital beds and hospital doctors. They appear
to be probably the most important health care resources for
this type of care. But the question arises whether one should
not analyze the impact of other resources, such as hospital
nurses, operating theaters, and technical supporting personnel

on the performance of hospitals. The role of the nurses was
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felt to be important enough to be included in this analysis.

Moreover, it is worth mentioning that, despite the many common
features and similarities, which can be analyzed with the help
of DRAM, in health care management structures and planning pro-

cesses, separate, thorough studies seem to be unavoidable.

DRAM provides a broad framework that allows for a wide
range of subsystems to be analyzed: for example, health care
delivery (single diseases, Gibbe 1978), treatment categories
(Aspden 1970), in-patient care (Hughes 1978a), and out-patient
care (Hughes and Wierzbicki 1980). Therefore certain step by
step techniques must be introduced before an analysis can begin.
Health care managers and medical doctors must be consulted, and
a preliminary analysis (e.g., regression analysis -- see section
4.2) of input data must be complete, defining the modes of care,
resource types, and treatment categories that reflect the pecu-

liarities of the given health care system under consideration.

A first step is to decide how the resource types chosen
for the DRAM parameterization, i.e., hospital beds, hospital
doctors, and hospital nurses, are to be measured. There are
two possible resource measures for hospital beds (Rl; 1=1, beds):

(a) available beds (or beds-days, one bed-year = 365 bed-days)
per 1000 population in a particular area
(b) "used" bed-days per 1000 population in this area (The
ratio of the total number of days that patients spend in
hospital wards to the resident population.)
The adoption of any of these measures determines the supply
jkl; 1=1, beds):
(a) available bed-days per patient

variable (y

and
(b) average length of stay

It has been argued in Aspden and Rusnak (1980) and repeated in
Aspden (1980) that the first resource measure has the advantage
over the second, more usual measure of occupied bed-days per
patient by eliminating the separate estimation of occupancy
rates (or equivalently, bed turnover intervals). In Appendix A

some regression analysis results supporting this hypothesis
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have been briefly presented.

There are several possible measures of hospital doctors
that have been presented, e.g., in Aspden (1980). In this
study "the number of hospital doctors of all grades belonging
to the specialities which treat a particular treatment category"¥
(Aspden 1980, p.10) was adopted as the measure because it was
the only one for which data were available. (The unit of mea-
surement was taken to be doctor days per 1000 population, one
doctor year = 300 doctor days.) This was also the measure

used in Aspden and Rusnak (1980).

The same approach was applied to hospital nurses, i.e.,
the number of nurses (including assistant nurses) affiliated
with the hospital wards who were working with particular
treatment categories, was taken as the measure of hospital
nurses (nurse days per 1000 population, one nurse vear =

300 nurse days).

Data on the levels for bed, doctor, and nurse supply
for the eight patient categories under consideration for
each region were received from the Information and Medical
Statistics Unit of the Ministry of Health Care and Welfare. The
totals for eight treatment categories, resident population,

and area served for each region are given in Table 1.

X
For example, if the treatment category is child surgery, the

measure would be the number of doctors within the child sur-
gery specialty.



-12-

Table 1. Resource availabilities for the eight treatment
categories — Poland 1969.

Avajlable Available Available Resident

bed-days doctor -days nurse days population Area served

per 1000 per 1000 per 1000 in thousands in km?2
Region population population population
Werszaua € 2092 241 433 1288 450
Krakéa & 2136 268 448 577 230
péaz ¢ 1763 205 330 753 210
Poznasi & 1739 217 368 462 220
Wroctawd 1795 219 346 517 230
BiaZzostockie 1247 108 243 1191 23200
Bygdoskis 1118 80 187 1915 20500
Gdaniskie 1319 119 243 1461 11000
Katowickie 1800 143 312 3646 9500
Kieleckie 928 5 175 1910 19500
Koezaliriskie 1547 93 244 790 18100
Krakowekie 916 61 167 2200 15400
Lubelskie 1094 85 191 1956 24900
Lbdzkie 1116 76 192 1690 17100
Olsztydekie 1428 115 257 985 21100
Cpolskie 1749 143 261 1016 9600
Poznariekie 1114 93 187 2188 26800
Rzeszowskie 1088 7 207 1763 18600
Szczecirakie 1298 124 262 836 12800
Warezawskie 907 67 149 2560 29400
Wroclangkie 1829 122 275 1994 18900
Zielonogdrakie 1525 169 225 883 14600

a . , . . - .
Large towns constituting independent regions for administrative purposes.

Set R, = regions 2} + 11,

A

set RB

regions 12 + 22.
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4., PARAMETER ESTIMATION FOR DRAM: IN-PATIENT DATA FOR POLAND

4.1. Introduction

The parameterization of DRAM will be performed for several
models beginning with simple one-resource models and ending
with a three-resource model for in-patient hospital care. The
family of models considered is presented in Table 2 and con-
tains two models, AD and ADN, analyzed for the out-patient
care mode of treatment (ambulatory care). In section 4.2
the preliminary regression analysis results for in-patient
hospital care data will be presented, followed by some remarks
on the parameter estimation for DRAM of Polish out-patient
care data in section 4.3. Sections 4.4 to 4.10 present the

DRAM parameterization process for models 1 to 10, respectively.

Estimates for the following three groups of parameters
are required for the DRAM parameterization process:

(1) The ideal levels X,Y at which a patient would be admitted
and receive resources, if there were no constraints on
resource availability

(2) The power parameters o, R, which reflect the relative
importance of achieving the ideal levels X and Y (for
instance, if an o is relatively high then it is rela-
latively more important to treat the corresponding X)

(3) The relative costs, C, of the different resources, in
this case hospital beds, hospital doctors, and hospital

nurses

In what follows the parameter set {X,Y,a,8} will be esti-
mated from actual allocations of resources. The cost parame-
ters, C, will be determined exogenously (see section 4.7)..

In estimating the parameter set {X,Y,a,B}the approach of
Hughes (1978c) will be followed. This is described briefly
in Appendix B. The approach assumes that each region for
each year provides an independent data point; i.e., the same
utility function Z(x,y) holds across time and space. Some
justification for this has been given in Aspden (1980).
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Table 2. Presentation of DRAM models under consideration.
Resources Treatment Presented
Model Treatment modes types categories in:
B In-patient hospital care Beds set TA section 4.4
D In-patient hospital care Doctors set TA section 4.5
N In-patient hospital care Nurses set TA section 4.6
BD In-patient hospital care Beds set TA section 4.8
Doctors
BDN In-patient hospital care Beds set TA section 4.10
Doctors
Nurses
AD out-patient ambulatory Doctors set TB section 4.3
care
ADN out-patient ambulatory Doctors set TB section 4.3
care Nurses
Set TA: Child Surgery Set TB: General Medicine

General Medicine

General Surgery

Obstetrics and Gynaecology
Ophthalmology

Otorhinolaryngology

Traumatic and Orthopaedic Surgery

Paediatrics

Paediatrics

Obstetrics and Gynaecology
Ophthalmology
Otorhinolaryngology
General Surgery
Dermatoclogy

Phtysiatry
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but one has to be careful with this assumption. When studying
each particular case it would be advisable to decide whether
not to split the heterogeneous data set into some fairly pre-

cisely defined (homogeneous) subsets.

In the present study the parameter estimation process was
carried out in six stages. Models were calibrated for bed
supply, doctor supply, and nurse supply separately (Models
B, D, N). Then two-resource models, for beds and doctors
(Model BD) and for doctors and nurses (Model DN) were cali-
brated. 1In the end, the most complicated three-resource model

BDN (beds, doctors, and nurses) was presented.

Before moving on to the parameter estimation process, it
is necessary to extend the notation of section 2. The model
parameters are estimated from 22 data points; they are split
into two data point sets: Ry — regions 1 + 11 and Ry — regions
12 + 22 (see Table 1). The actual data for data point i(ie[1,22])
will be represented as xj(i), yjl(i) with the mode subscript k
removed since there is only one mode. (The short analysis of
ambulatory care treatment mode was carried out in section 4.3,)

Thus the amount of resource type 1 used at data point i is

§ x5 (1)yyy (1) = Ry (1)

~

Further, let xj(i) and 9jl be the predicted levels, using
DRAM with a particular parameter set (X,Y,a,B) and resource
availabilities at data point i. The following measures of

goodness-of-fit can then be defined
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where wj is the weighted average of xj(i), and vjl is a weighted
average of yjl(i). As an indication of the goodness-of-fit of
DRAM, it is useful to make the following comparisons

~ _ x. (1) -w. 2
sSx. with ssx., = [ 21— ¥

] J i V. J

3
. 2
N Y.oq(i)=-v.
. - - jl jl

SSys; with SS¥y, g( v > Vo Yy

To facilitate further comparative analysis the following
measures for individual treatment categories have been intro-
duced and calculated:

-~ for cover (the number of persons per 1000 population who

receive care) xj(i)

Sij
fx. = V. =
75 7 sex 18
-- for supply levels nyi)
SSy.
1
fy., = J ¥, ¥
jl
-- for the chosen model
8sxy % 88Y41
tgf, = — ¥, =
] ssx. + SSx. &I
I 3 jl

For the chosen model and certain group J of treatment cate-
gories (J'C J) the following ratio will be calculated
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4.2, Preliminary Regression Analysis of the Data for
In-Patient Hospital Care

Before carrying out the estimation procedure presented
in the previous section, it is useful to examine the results
of simple linear regression analyses performed for each treat-
ment category and resource type independently. Of course one
should first examine the cover, the number of hospitalized
people and the bed supply for each treatment category against
the total hospital bed supply for all eight categories as well
as for hospital doctors and nurses.

The one-resource version of DRAM assumes that for each
patient category, the cover and supply levels per patient
should monotonically increase as total resource supply in-
creases. Therefore the following linear regression models

have been analyzed:

Ky =2 + By xMy) +E ¥
where
[ x, Yy [ Eq Ep |
K, = | - E, =] - .
LXJ Yy1 | LEg1 Egp
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Bip B Biy By
Al = . [ ] Bl —4 . [ ]
L A 79 Agyd LAJ1 BJlJ

El is the matrix of cover and type 1 resource supply

él and B, are the matrices of constants and slope coefficients
of regression, respectively.

Ml is a matrix of total availability of type 1 resource

E, represents uncorrelated errors with normal distribution

The regressions have been carried out for 22 data points,

hence the variables xj, le’

In Tables 3a - 3c the regression models for all three

resource types have been presented as well as the regression

Rl are vectors with 22 elements.

coefficients with corresponding standard errors and r2 coeffi-

cients. The cover and supply resources for treatment category
j are as follows:

xj = cover: numbers of individuals per 1000 population
receiving some health care service
yj1 = bed supply: supply of bed-days received by each
individual
Yj2 = doctor supply: supply of doctor-days received by
each individual

Yj3 = nurse supply: supply of nurse-days received by
each individual

The total resource availability measures are:

R

1 total available bed-days per 1000 population for
eight treatment categories

o)
n

5 total available doctor-days per 1000 population
for eight treatment categories
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R3 = total available nurse-days per 1000 population for

eight treatment categories

In Table 3 certain crude categorizations of regression

models are introduced based on regression values:

set B refers to a bad or very bad regression - r250.100

set M refers to a weak regression - O.100<r2<0.500

set G refers to a good regression - 0.5005r2

This table will serve as a reference point for DRAM parameteri-
zation, especially for one-resource models (B, D, and N), al-
though one should not expect significantly better results of
DRAM (i.e., small values for goodness-of-fit) for these treat-
ment categories where there is a bad or no regressional rela-

tionship (set B).

4,3. Remarks on the Parameter Estimation for DRAM for Polish
Oout-Patient Care Data

The following treatment categories (in the ambulatory
care treatment mode), for which consistent data were avail-

able, have been chosen:

General medicine
Paediatrics Basic care

Obstetrics and gynaecology

Ophthalmology

Otorhinolaryngology

General surgery Specialized care
Dermatology

Phtysiatry

The services provided by ambulatory care units have been mea-
sured in number of consultations per head of population.

Doctors and nurses working in out-patient care units* were

*Only ambulatory care facilities in towns were considered.
They provided, however, all the specialized services for
the total resident population (including inhabitants of
rural areas).
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taken as the most important resources -- the measurement units
being, respectively, doctor-days and nurse-days. The prelimi-
nary regression analysis of the type proposed in section 4.2
indicates that there is really no relationship between total
available nurse-days and service or supply levels. The situ-
ation for doctor-days is slightly more encouraging but exami-
nation of Table 4, where the regression analysis results are
presented, leaves no doubts that this model formulation does
not fit the DRAM framework.

In particular the regressions of doctor supply on total
available doctor-days in each treatment category appear to be
of an extremely low explanatory value. On the contrary, re-
gressions for cover, i.e., number of consultations, are very

good.

The DRAM parameterization process carried out for the
above-mentioned treatment categories and résource types
(firstly, a one-resource model for doctors -- Model AD -- and
then a two-resource model for doctors and nurses -- Model ADN)
supported the hypothesis, resulting from regression analyses,
that both models had very poor goodness-of-fit characteristics.
Therefore this paper is limited to the in-patient hospital

care mode of treatment.

4.4, Parameter Estimation for DRAM with One Resource:
Hospital Beds

The parameters of the model were estimated using the pro-
cedure described in Appendix B. These estimations are examined
in the next new sections, which usually begin with a table of
DRAM parameter estimates and are followed by graphs} giving the
cover and supply levels per patient (observed and predicted),
plotted against total resource availability per 1000 population
for each of the 22 data points. Only four treatment categories

are presented on each graph for clarity. The actual data points

*
There are no graphs for two- and three-resource models.
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are denoted by numbers; the values obtained from the models
(one-resource type models) are denoted by a circle around

the treatment category. The key for in-patient hospital care
treatment categories remains the same throughout the paper

but it will be repeated here for convenience:

1) Child surgery

2) General medicine

3) General surgery

4) Obstetrics and gynaecology

5) Ophthalmology

6) Otorhinolaryngology

7) Traumatic and orthopaedic surgery

8) ©Paediatrics

The crosses, seen on some of the graphs, denote places where
more than one data point from adjacent treatment categories
have the same values. The tables giving DRAM parameter esti-

mates contain:

~—- The parameters for the cover (X,a) with corresponding
measures of goodness-of-fit ssﬁ. SSx%., gfx.; ¥. = —
d (SSxy. i IT¥57 Yie3
see section 4.1)

-~ The parameters for the supply levels (Y¥,R) with cor-

responding measures of goodness-of-fit (Ss§jl, SS;jl’
gfyjl; Vjei' ¥, — see section 4.1) followed by the
aggregated measures of goodness-of-fit tgfj(¥j63)

and terminated by the ranking matrix (goodness-~of-fit

measures are ordered by increasing values)

In addition the values of tgf(J) and tgf(J')* are pre-
sented -- according to the definitions of section 4.1. The
first parameter estimation deals with hospital beds. Table 5
gives the DRAM estimates for Polish in-patient hospital care
using a one-resource model. Figures 1 and 2 illustrate the
hospitalization rates and supply levels per patient plotted
against the total bed~days available per 1000 population in
Poland.

3 —
Subset J'={2,3,4} was chosen because, as seen in section 4.11,
these treatment categories were used for prediction purposes.
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4.5. Parameter Estimation for DRAM with One Resource:
Hospital Doctors

The parameter estimates for hospital doctors are given in
Table 6. Figures 3 and 4 give the hospitalization rates :and
supply levels per patient, both actual and from the model
(using the parameters in Table 6) plotted against total avail-
able doctor-days per 1000 population for each of the 22 data

points.

4.6. Parameter Estimation for DRAM with One Resource:
Hospital Nurses

The parameter estimates for hospital nurses are given in
Table 7. Figures 5 and 6 give the hospitalization rates and
supply levels per patient, both actual and from the model
(using the parameters in Table 7) plotted against total nurse-

days per 1000 population for each of the 22 data points.

4.7. Cost Ratio Estimation for Two- and Three-Resource Models

To calculate the parameters for DRAM with more than one
resource, it is necessary to estimate the ratio of the marginal

costs of these resources (C, in section 2) when all needs for

health care are met. The cilculation of this ratio will be
performed using average costs. It is assumed that the aggre-
gate cost function of many hospital units =-- characterized
usually by non-linear cost functions =-- could be approximated

by average cost (Hughes and Wierzbicki 1980).

Following the approach by Aspden (1980), the average
total cost per patient in general hospitals in Poland in 1971%

is:

*

The average costs do not vary much; thus the available data
from 1971 have been taken as a crude estimate of cost ratio
for 1969 and 1970.
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zloties
Medical and nursing staff 1291.0 (Kd+KN)
Medical supplies 406.0 (KS)
Catering 288.0 (Kc)
ngeral serv;ces (administra- 488.0 (KG)
tion, domestic, estate manage- 2433.0 (TOT)

ment, etc.)

From the analysis of supply data, there is on average 17 bed-
days (bd), 2.5 doctor-days (dd), and 3.5 nurse-days (nd) per

patient for all eight patient categories under consideration.

If one denotes the unit cost of resources, i.e., the
costs of bed-day, doctor-day, and nurse-day by cbd, cdd

cnd, respectively, then

cdd (EE)
cnd (nd)

Kd
Kn

and assigning all the other costs to beds
TOT - (Kd+Kn) = cbd (bd)

From the analysis of average monthly salaries of medical and

nursing staff it follows that
cdd : cnd = 5 : 3

Hence it can be calculated that

K

cdd _ a bd )
i - I CPEY

For the remainder of the paper it is assumed that C1:C2:C3=
C1:C2:C3 = cbd:cdd:cnd = 1:5:3

This ratio was used in the DRAM parameter estimation procedures
for two- and three-resource models. A detailed cost analysis
may be worthwhile; however, it requires more financial data

to be collected and analyzed in close collaboration of health

care budget planners.
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4.8. Parameter Estimation for DRAM with Two Resources:
Hospital Beds and Hospital Doctors

Using the estimates of the bed-doctor cost ratio derived
in the previous section, the parameters for the two-resource
version of DRAM (Model BD) were estimated and are given in
Table 8. A comparison of the gij and gfyjl (1€{1,2}) ratios,
between the two-resource model (Model BD) and the two one-

resource models (B and D) is given in Table 9.

4.,9. Parameter Estimation for DRAM with Two Resources:
Hospital Doctors and Hospital Nurses

Using the above-mentioned estimates of the doctor/nurse
cost ratio, the parameters for another two-resource version
of DRAM (Model DN) were estimated. The results are given in
Table 10. A comparison of the gij and gfyjl (1€{2,3}) ratios,
between the two-resource model DN and the two one-resource

models D and N is given in Table 11.

4.10. Parameter Estimation for DRAM with Three Resources:
Hospital Beds, Hospital Doctors, and Hospital Nurses

Finally the model with all three resources under consi-
deration -- beds, doctors, and nurses -- was parameterized.
The parameter estimates for model BDN are given in Table 12.
The usual comparison of the gij and gfyjl (1€{1,2,3}) ratios,
between the three-resource model BDN and the three one-resource

models B, D, and N is given in Table 13.
4.11. Conclusions
Several models have been analyzed for Polish in-patient

hospital care. Some comparisons of the models' results with

actual values have been carried out in sections 4.8-4.10 (see
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Table 8. Two-resource (hospital beds and hospital docto;s)-DRAM
parameter estimates for Polish in-patient hospital care.

Treatment Covera Supply levels: beds
category - ) : o e .

5 X ox SS% ¢ : . 88y - £
Child surgery 4.0 2.93  8.929 11,696 0.763 19.7 i1.81 0.845 0.966  0.875

Gencral mcdicine 31.4 3.317  0.757 1.211  (@.626 21,5 18.11 0,318 0.428 0.74¢

Gzneral surgery 25.9 6.02 0.663 0.638. 1,039 18.3 18.33 0.574 0.7€8 0.748
Qtsteirics and ) . 2
gynaecology 4448 4.81 0.214 0.720 0,298 9.6 18.22 0,251 0.269 0.932
Opxhtalmology 5.8 1.00  3.3117  7.285 0.454 22.4 241,60 1.373 1.371 1.002
?zg;hinolaryngo— 12.7 0.13 2,246 4,601 C.488 &2.9 0.C01 14,529 1.018 14,669
Traumatic and _ )
osthopaecdic sur- 17.6 0.01 10,226 9,111 1,133  46.95 1.00 3,885 1.349 2.102
gary ,
Yaccistrice 13.9 3.97 2.094 1.606  1.303  21.9 23.37 0.572 0.065  0.861
Supply levels: dcctors b raunding oo
Wreatuient . tal. '
ategory Y P SS% SST Ty J > s T e
j2 L R )] u}jz 8-332 dOm n oy
t th oL
Chkild surgery 4.3 1.38 3.135 2,887 0.807 0.730 5 & 8 6
CGeneral medicire %.6 1.4 0.268 3.3%26 0.080 0.270 4 1 1 1
General surgory 2.8 2491 1.331 5.0%9 0.264 0.399 6 2 2 2
Obstelrics and = » 2
gonaocology 1.1 4,21 0.354 1,055  0.337  0.401 15 3 3
Ophtalmology 4.4 2,64 1.294% 2.698 0.480 0.526 2 6 £ 4
Csorhinolaryngolesy 2.8 2.%1 3,176 S.041 0.630 1.909 3 e 97 8
Trzumetic and - o "
omtiopeedic surgery  0°° 0.85 2.97 2007 0.595 1.076 7 7 6 7
Peediatrics Z.3 3.30 1.354 3.835 0.%5% 0,658 8 3 o5

a
Cover refers to the number of persons per 1000 population who receive care.

Dot (3) = 0.8797
tgf(J") = 0.3517
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Table 10. Two-resource (hospital doctors and hospital nurses)
DRAM parameter estimates for Polish in-patient
hospital care.

Supply levelc

Trostnent
caliegony . - - 3
ar o [o3<t e N q Qo oy =far
3 dJ ub:.j uuxj Ef/.l_;l Yip /‘-;’2 55 ija u~~/;:2 54;}2
P
Cnild surreny a,0 0.85 5.659 11.6595 0.48% 2.1 2.90 3,021 2.5087 0.777
General madicine 20.3 2.5% 1774  1.211 0.970 2.0 2.18 0.523 3,226 0.157
Gezmeral suezory 21,0 4,56 0.856 0,633  1.357 2.4 4,08 1935 5.029  0.39%
Letatriaes o . - = Ze
Quotelrics @0 5G.4 3.0 0772 1.481 0,408 4.0 5.95  0.322  4.053  0.30G
Ophisalmology 7.4 1.00 2.%31  7.285 0.320 3,7 4,28 1.400 2,838  0.51%9
‘igg;hlm’-“'y“fﬁ‘ 15,0 0.61  2.363 4,601 0,514 2.1 8.40 4,073 5.041  0.808
Travnatic and .
ortronaedic 21.2 0.41 13.152 9.1 1.444 3,2 2,53 3,000 5,007 0.593
Pacdiatrics 17.9 2,00 2,788  1.€06 1.735 2.9 4.9 1.745  3.835 0,455
Dreatnent Supply levels: nurses eap Rankirg Ler:
calenery N _ R - & ™
~ Pyats P . B ™ ™ r3
153 P2 SS753  SSvy3  ElYys R A Y
o o W
Child surgery 5.0 16,49 C.50n 1,201 0.752 0.571 3 7 2 3
Cenerel madicine 4.0 10,64 0.758 1.188 V.6%8 0.429 5 1 1 1
Generrl surgery 3.0 43,34 2,158 2.325 0.928 0.626 6 3 5 5
Chetebrics and 1.8 9,37 0.796 0,495 4.424 0.525% 2 2 9 2
gynaceolory +© * At o0 1o5eh it g
Crhtalnology 5.0 9.33 1. 631 1.819 0.624 0.458 1 5 4 2
torhinolurmeelogy 10.7 1,00 4,014 1.727 2,224 0.913 4 8 8 7
orthes negie sumsery 902 5,69 2,030 2.628 1,073 1,432 7 6 6 8
Poegictrics 6.2 14,39 1.665 2.115 0.7c8 0.820 & 4 3 5

a
Cover refers to the number of persons per 1000 population who receive care.

tgf (_J-_)
tgf(J")

0.7403
0.5492
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Three-resource (hospital beds, hospital doctors,
and hospital nurses) DRAM parameter estimates for
Polish in-patient hospital care.

Tregtaeat category

Supply levela: tada

Xy oy SSEy oSSy ety ¥y By STy S ety
Chili savgery 4.6 2.35  7.798  11.695 0,487 18.7 17.95 0.852 C.955 0.882
Senerszl medizine 3141 3.79 0.803 1,217 0.663 20.6 23.50 0.324 0.428 0.757
General surgery 26.C 6,57 0.834 0,633 1.072 17.8 25.15 0.592 0.768 0Q.TT?
tatetrics and gyaeecclogy 4444 5.36 0.235 0.720 0.327 9.3 27.09 0.244 0.265 0.907
Oohialnclogy 6e1 1,00 2.816 7.285 0.336 22.4 194.50 1.371 1.371 1,001
Srorhisclsrynzologzy 15.3 0.15  2.493 4,601 GC.c42 70.5 0.001 22.856 1.016 22.497
Tfuunytie end orthopocdic 197 0.02 10.244 9,111 1,124 43.2 1.00 4.993  1.845 2,701
Paedlstrics 1544 4406 -2.251 1.606 1,402 21.3 23.65 0.5%4 0.555 0.89%
Supply lavels: doctors Supply levsla: nursan runking for:
Praatcent catagory t;!Jb ‘_ N -
Ye Pz Sy ST, wty, Yy Py ssiyy oS sty Sr s f oy
Caild surgery 4.0 1.65 3.1%2 3.887 0.E01 5.8 8,17 0.€63 1,20t 0.552 $.700 1 3 8 2 €
Gecersl msdicine 3.5 2.15 0,277 3.326 0.083 4.9 4.81 0.410 1,183 0.345 0.295 4 » 1 1 1 1
Ganeras SUrgery 2.8 2.74 1.359  5.€39 0.270 3.7 3.45 1,537 2.325 0.6587 0.475 3 2 2 4 2
1.1 453 0.322 1.053 0.397 2.3 o34 0.931 0.438 1.877 0.683 1 5 3 3 5
Cphialaclogy 4.2 3.02 1.530 2.623 0.482 6.4 4.08 1.521 1.813  0.836 G.5332 2 & S 5 >
Qrorkilolaryagology 2.6 3.30 3.943 W41 5,436 3.9 5.658 1e527 Te727 0.88¢ 2.452 3 3 7 5 3
Sel 1.035 2.923 5.C07 0.3€4 12.5 0.97 2.920 2.6a8 1.088 13030 7 7 [ 7 7
Tredlatrics 3e3 3.59 1.327  3.835 0.34¢ 7.2 6.94% 1.22€ 2.115  0.534 0.658 g 4 4 3 4

a
Cover refers to

0.9586
0.4420

bege (J)
tgf (J")

the number of persons per 1000 population who

receive care.
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Tables 9, 11, and 13). In Table 14 the important parts of the
ranking matrices, i.e., the aggregate goodness-of-fit index
tgfj (from the Tables 5, 6, 7, 8, 10 and 12) have been put
together to allow the choice of the model type and the treat-
ment categories for which the DRAM parameterization appears

to give the best account of the actual results.

In the group of one-resource models the doctor resource
model D provides the best description, having the lowest tgfj
values in almost all treatment categories. Both two-resource
models are practically of the same explanatory power: the
overall goodness-of-fit index is slightly better for the DN
model, but the BD model seems better for treatment categories
that have been chosen for prediction purposes. The three-
resource BDN model reproduces the actual allocations of re-
sources for all the categories slightly less accurately than
the two-resource models, except for the particular subset of
treatment categories 2-5, which reproduce as well as in the

two-resource models.

From the analysis of the goodness-of-fit indexes in
Table 14, one can see that all the models give quite satis-
factory results particularly for the treatment categories 2-5:
general medicine, general surgery, obstetrics and gynaecology,
and ophthalmology. On the other hand the results for otorhino-
laryngology, traumatic and orthopaedic surgery, and paediatrics
show that for these categories the present formulation of DRAM
is not applicable. It is interesting to note that Aspden (1980)
received a similar ranking of the treatment categories.

In order to use DRAM as an aid in predicting, it is neces-
sary to repeat the DRAM parameterization procedure but this
time only for chosen treatment categories: general medicine,
general surgery, obstetrics and gynaecology.



-51~

(’6'T <30 ﬁuma B 03 A SSeld pue ‘G °T-0°T O3 AI SSeTd
‘0*T-8'0 03 III SSETD ‘8°0-G°0 Fo '3H3 ® 03 II Sseld ‘G0 > Fo F1b3 ® 03 siegex I SSe10

II ¥ III 9 IT ¢ ATl L IIT “L AI 8 80TX3687pe6d 8
KAxeBans

AT L AI 8 AI L AI 9 AI 8 AT L otpesdoysao pus otjisumB.Iy L

A 8 IITI L A B AI B8 IT 9  AI 9 £3o108ukaeTOUTYIOLO 9

11 ¢ I 2 II ¢ IIT ¢ I € II ¢ f3otomtesydo ¢
£30T0298BULD

I1 g II ¢ I ¢ IITI ¢ I L I L pue B50TIIVIBQ0 14

I 2 II ¢ I 2 AT ¢ I v IIT ¢ £x08Ins rexeued €

I ! I ! I II 2 I 2 II 2 QUTOTPSW TBISUSY 2

11 9. II £ IT 9 11 l II g NuHH“_” 14 Axe3ans pITUD !

¢T 3TdelL OT @TdelL 8 ®Tqel ( ®Tqed 9 a1qedl S °TqeL -

woxg moxJ woxy wox3 wox3 woxJ E

o

Nag Nd ad N a g o

Topow _ £10390385 juew3BeJy H

892IN0SOI-99IY, 8TOPOW QOINOFGI-OM], gTePOW 90INOBII-0UQD

*9poul jusWIeaA] DIRD
Hmuﬂmmosnu:wﬂummlcﬂ oYyl UTY3TM POISBPTISUOD STIpow 9yl [Ie
I0J soniea "IBb3 oy3z pue soouonbas buryuera aylx Jo uosTIRdWO) ‘4| OTgel



-52-

5. ILLUSTRATIVE EXAMPLES OF THE USE OF THE TWO-RESOURCE DRAM
FOR POLISH IN-PATIENT HOSPITAL CARE

5.1. Predicting the Allocation of Health Care Resources in
Chosen Regions

From the analysis carried out in section 4.11 it was
found that the DRAM parameterization procedure had to be
performed again for a two-resource BD model for three treat-

ment categories:

-- general medicine (j = 2)
-~ general surgery (j = 3)
-- obstetrics and gynaecology (j = 4)

The criterion of choice was quite obvious; the first three
treatment categories resulting from the ranking introduced
in section 4.11 were acceptable for predicting resource

allocation by using DRAM.

Thus the parameter set estimated from past resource allo-.
cations (in year 1969, see Appendix C) were used to predict
resource allocations in 1970. The comparisons of actual allo-
cations and those predicted by the model for chosen regions*
are presented in Table 15. The best results were obtained
for the doctor-days supply, which correspond with the prelimi-

ary regression analysis of section 4.2 (see Table 3b).

The results for cover predictions are worse and fhe argu-
ments from section 4.2 could be repeated here as well (compare
Table 3a and Table 3b; see also Table C1 in Appendix C).

5.2. Predicting the Allocation of Health Care Resources on the
National Level

The same parameter set that was presented in section 5.1
(estimated from past allocations of resources in 1969 using

the cross-sectional method) was used to predict resource

*Regions representing different levels of resource availabili-
ties were chosen (compare Table 1 in section 3,4).
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Table 15. Allocation of resources in selected regions in 1970:
actual and predicted.

——

Treat- a Reéource Resource
ment Cover supply: beds supply: doctors
Region ;ZE? 3 % L 1 V52 352
25d% Town 2 23.727 240447 20.794 19.763 2,688 2.488
3 17.724 22,220 20.539 16.984 24377 2,021
4 360123 364334 9.176 "2.037 0.916 0.915
Kieleckie 2 15.477 14.304 17.453 17.242 1,560 1,466
3 15.668 15,908 13.603 15.297 1,105 1,294
4§ 24,251 24,615 84334 "7.938 0.688 0.674
Opolskie 2 25.890 24.107 21.240 20,340 1.565 1.538
3 20.09%4 22.04 17.100 17.3€3 1,270 1,347
4  3%5.43 36.235 6.920 9.283 0.728 0.653
Poznahskie 2 16.970 16.672 18.161 18,180 1.194 1,285
3 18.79 17.506 14,706 15;931 1,166 1.158
4 27.794 27.531 8.176 8.348 0.601 0.624
Warszarskie 2 15.396 14.824 16.050 17.529 1,170 1.269
3 .18.012 16.267 14,167 154491 1.080 12146
4 25,300 25.257 8.425 8.063 0.618 0.€20
Zielenogérskie 2 18,797 21,910 18.846 19.175 2.512 2.332
3 21.345 20.754 17.100 16.595 1.974 1,955
4 37.401 132.534 9.085 8.782 0.909 0.8%5

aCover refers to the number of persons per 1000 population who receive care.
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allocations on the national level for the three earlier chosen
treatment categories: general medicine, general surgery, and

obstetrics and gynaecology (Table 16),

The results are quite satisfactory for both the cover and
the resource supplies. They are better than the regional pre-
dictions, which might be due to the significantly higher level
of aggregation. (Different patterns of behavior are smoothed

over the space.)

6. CONCLUSIONS

The aim of this paper was to analyze the planning appli-
cability of DRAM for Polish in-patient hospital care. The
DRAM parameters were estimated for a model with eight patient
categories (child surgery, general medicine, general surgery,
obstetrics and gynaecology, ophthalmology, otorhinolaryngology,
traumatic and orthopaedic surgery, and paediatrics) and three
resource types (hospital beds, hospital doctors, and hospital
nurses) from 1969 data for 22 regions (17 voivodships and 5
large-city districts of Poland). Several one-resource, two-

resource, and three-resource models were tested.

From the analyses and comparisons of the models, the

following conclusions are drawn:

-- The most important resources in Poland appear to
be beds and doctors.

-- Of beds and doctors, doctors seem to have the
greater explanatory power.

-- The assumption of the uniqueness of the utility
function for different regions does not appear to
be sound in several cases.

-- It would be advisable to split input data into
subgroups of regions with more homogeneous patterns
of resource allocations.

-- The use of the model has to be limited only to
those treatment category allocations that can
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be satisfactorily reproduced.

-- Preliminary research has to be carried out for
choosing appropriate treatment categories.

-- Further research on out-patient care is required,
while discussions with health care planners on
health care resource utilization patterns are
necessary to propose more comprehensive measures

of resources.

The three treatment category model predictions, which
have been made using DRAM, are for illustrative purposes only.
A closer collaboration with health planners at the Ministry
of Health Care and Welfare, however, is hoped to bring im-
proved DRAM versions that will be capable of predicting re-
source allocations in a real planning context, using more
disaggregated categories, more resource types, and more modes

of treatment.

The specific character of the regions seems to play an
important role in the assumption of the universality of the
utility function over space. The diversity of allocation
patterns is reflected in Mayhew (1980, 1981) by the inclusion
of the spatial dimension demand factors, accessibility costs
and certain other refinements that address regional hetero-

geneity. Similar studies should be carried out in Poland.



APPENDIX A: AVERAGE LENGTH OF STAY VERSUS AVAILABLE
BED-DAYS PER PATIENT AS THE MEASURES OF
BED SUPPLY

In section 3.4, the possible measures for the resource
type -~ hospital beds, hospital doctors, and hospital nurses
-- were presented and analyzed. With regard to hospital beds,
two measures were considered: available bed-days per patient

and average length of stay.

In Table A1 the results of a regression analysis for
both measures dependent on total available bed-days (per
1000 population for all eight treatment categories) are

presented.

The r2 coefficients for available bed-days per patient
are significantly better than those for average length of
stay. Moreover the similar regrescsion analysis performed
for bed turnover intervals suggests that they are rather un-
related to bed-days availability. These two features may
support the appropriateness of the choice of the available

bed-days per patient as the hospital bed supply measure.
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-58-

‘e¢ atgel woid

Yo
. (100°0) (8L¥°1) . (200°0) (61€°2) (200°0) (Eov°2)
820°0 100°0 $8c ¢ 86t °0 900°0 6€2°9 6€4°0 900°0 v29° 11 80TI38Tpasg
. (100°0)  (500°2) . (€00°0) (€EL*S) ($00°0) (P22°6) £3e8.ms oypesd
LLz0 00°0 169°1~ 5600 $00°0 169°2t ¥€2°0 €00°0 ofLeoL ~0q3J0 pue O}3eIMEJY
690°0  (400°0) iLsst) 02L°0 (100°0) (Lhre2) (200°0) (226°2)
L00°0= Lel*y 200°0 G0L°6 6L0°0 100°0 268°€L £901QB3ufxBToUIYIOLQ
Lyovo  (£00°0) (622°2) v60°0 (200°0) (069°€) (€00°0) (6€9°¥)
100°0 €26°1 €00°0 990°¥1 8L0°0 $00°0 686°S1L £Rotoutesndo
. (000°0)  (9t¥°0) . (000°0) (€85°0) 1100°0) (68L°0) £8070098uLb
Lgo°o 000°0 206°0 ¥91°0 100°0 66€°9 002°0 1L00°0 g62°L pue 8011303890
. (000°0)  (€09°0) JL00°0) (Y0S°1) (100°0) (909°1) £xe3ans
003°0 200°0  €L9°0- €greo $00°0 965°L - 169°0 L00°0 €26°9 18J0T0D
912°0 (000°0)  (0¥L°0) (100°0) (62¥°1) (100°0) (665°1) eutoTpPOW
100°0 6€2°0 oL¥°0 $00°0 9zL°LL €55°0 $00°0 S9€° 11 1eaeuep
. (200°0)  (206°2) (100°0) (22L°t) (200°0) (0v6°2) £xe8ams
oLo%o 200°0  60L°0 180°0 200°0 $26°0L  691°0 $00°0 ¥E9° 1L PTFUD
(10130  (J0axe . (xoxxe - (Z0II0 . (X0xx0 (x0xx0
I pasepueys) paepuels) I pIepusl ) pIepuess) I pIBpUBIE) pIBpUBLR)
4 edots 1U838UO0D 4 edoTS 3uB38u0D (4 odo1s 3uB318U0)

sdep-paq a1qeTTeAsR TE3O3
Jsutebe Teaxajzur asaoumy pag

skep-paq sTqelTese Te303

asutebe Aeis yo yzbuoT sbexoay

D

sAep-paq a1qeTfear Te3I0l
3suyebe jquotyed aad sdep-poq oTqeTteav

£x080380 juewleex]

-X1ddns paq Te3Tdsoy JO soinsesuw ay3z usamiaq uosTiedwo)

‘LY oTqeL



APPFNDIX B: PARAMETER ESTIMATION FOR DRAM

In the paper, to estimate the DRAM parameters (X,Y,a,B)
for in-patient Polish care, the approach of Hughes (1978c)

was followed.

The estimation was carried out based on the data for 22
administrative regions in Poland. As it was mentioned before
(see section 2), it is assumed that the same utility function
Z(x,y) is applicable both to Poland and also to each of the

individual regions.

The available data points are split into two equal groups
(11 regions in each group). Initial estimates of (a,B) are
provided, and the (X,Y) are estimated using the first data
set (say RA as from Table 1, section 3.4). Given these esti-
mates of (X,Y) new (oa,B) are then estimated from the second
data set (RB of Table 1). Given these new (a,B) further (X,Y)
are then estimated using the data set and so on until succes-

sive estimates of (X,Y,a,B) only changed by a small amount.

The complete parameter estimation process is given in
Figure A1. The linkage mechanisms (determination of Lagrange
multipliers kl associated with each resource constraint --

Equation 4 section 2, and determination of el, i.e., the ratio
of type 1 resource at ideal levels to current usage at parti-

cular data points) are described in detail in Aspden (1980)

or Hughes and Wierzbicki (1980).
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APPENDIX C: PARAMETER ESTIMATION FOR DRAM WITH TWO
RESOURCES — HOSPITAL BEDS AND HOSPITAL
DOCTORS: THE THREE TREATMENT CATEGORY CASE

In Table C1 the DRAM parameters derived from 1969 and 1970
data (22 points, two resource types: beds and doctors; three
treatment categores: general medicine, general surgery, ob-
stetrics and gynaecology) are presented. The structure of
this table is similar to Table 8, for example, with the only
difference being that the values resulting from the prediction
mode (actual values for 1970 and predicted values usiﬁg two

sets of parameters: from 1969 data and from 1970 data).

Two parameter sets do not differ substantially one from
the other, and therefore they have the same predictive ability.

-61~
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Two-resource (hospital beds and hospital doctors)

Table C1.
DRAM parameter estimates for Polish in-patient
hospital care: three treatment categories.
Treatment Cover? Supply levelss beds
category ) R — N
xd xy SSx;J SSxd srxd I;H p.'H SSyd,] SSyd,] gfy‘_“
ni General 2
E tiedicine 48,90 0,622 0.770 1.123 0.686 24.30 6.331 0.330 0,494 0,663
g 3
§ General 34,40 1.687 0.6 .
8 surgery . . .63% 0,704 0,900 19.90 8,561 0.676 0.848 0,793
% Ovstetrics ond
S rics
@ gypaecology 61.00 1,285 0.332 0,711 0.466 11,00 6.709 0.368 0.500 0.736
#i General 2
2]
8 medicine 44,50 0.711 0.712 1,123 0.634 25,40 4,965 0.402 0,494 0.814
o
5 General 3
8 surgery 32.80 1,700 0.670 0.704. 0.952 20,10 8.185 0.674% 0.848 0.795
R ovstetrics end
@« . gynaccology 59,90 1.282 0,314 0,711 0O.441 12,101 3.872 0.365 0,500 0.730
Supply levals: doctors .,  ranking for:
Treaizent tgfd
category - ~ - «
YJZ pdg ssydz 55732 5f332 PRI I
b % % ¥
f General 2
e > .
8 madicine 2,90 0,958 0.338 2.965 .14 0.314 2 1 1 1
{g“f General 3 .
g surgery 2.30° 1.322  1.623 4,430 0.366 0.490 3 3 3 3
@ Obstetr 3 4
stetrics an
o gynaccology 1.00 2.381 0.333 0.996 0.334 0.468 1.2 2 2.
2
v General
o medicine 3,00  0.999 0.299 2.965 0.101 0.308 2 3 1 1
f 5
General
B surgery 2,30 1.845 1.626 4,430 0,367 0,496 3 2 3 2
8,
©  Obstetrics and 4 .
S Synaecoogy 1,00 2,711 0,318 0,996 0,320 0,520 1 1 2 3

a
Cover refers to the number of persons per 1000

btgf(3)=o.423o (1969)
tgf (3')=0.4213 (1970)

population who receive care.
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