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! 1Y ABSTRACT

Wherein ghe Province of Alberta ranks abeve the national average
in terms of acute care beds per capita, the appropriateness and distri-
bution of these beds for meeting the population's needs have not Seen
analysed. Th{s study was undertaken to develop a nethodology for esti-
mating the number (or percentage) of beds in each hospital used to pro-
vide three levels of care - primary, secondary, and tertiary - based an
patients' actual care-seeking patterns.

The data base consisted of PAS abstracts and hospital A@nggl‘
Returns for 1977 and 1978, and demographic data for census ygér 1976
for the Province of Aiéerta. The methodology was established on the
premise that beds are not equivalent, insofar as hospitals serving a
large area support different levels of care. The nethodology was
developed in three phases: 1) derivation of the conceptual frauework
for estimating bed utilization by levels of care based on a regionali-
zation apprcach’éné patient origin-destination aata; 2) establishment
of two sets of h@spita1!;:ecific ed utiPization profiles by levels of
care using two divergent rodels of reality (Models A and B); and 3)
evaluation of the methodology by assessing the utility of the bed util-
ization profiles in explaining interhospital differences in .operating
costs.

The significant results of this e:p]arétary study are outlined as
follows:

1) There appears to be a natural regionalization process occurring
i with respect to the use of acute care services that conforms to

the tendency of patients to minimize distance (travel time) when

seeking hospital services.



2) ;ix distinct service regions and two major referral areas were
identified.

3) The average length of stay for patients seeking care outside their

. district of orijin exceeded the average ieng;h of stay of patiehts.

' seeking care within their district of oriqgin, for all districts

.ezceét those which provided three 1ev%;§ of care.

4) Estimates of primary, secondary, and “tertiary care utilization

were respectively: 1) Model A - 66%, 21%, and 13%, and 2) Model
B - 58%, 30%, and 12%.
S) Estimates of bed utilization by levels of care profiles for each

hospital were useful in explaining interhospital cost variations,

-~

particularly the increase in diagnostic/therapeutic costs for

‘tertiary care beds.

6) The bed utilization by levels of care profiles were ineffective in
explaining interhospital nursing cost differerces.

From the results obtained, it would appear that hospital bed util-
jzation patterns, as ueasured by the methodoloyy developed in this
study, are linked to requirements for different levels of care, which
in turn are associated with dariations in hospital operating costs.
Recomnendations arising from these results are offered. These recom-
mendations are aimed at validating and extending the methodology devel-

oped in this study. ~

vi
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CHAPTER [
INTRODUCTION
Costs for health services are being scrutinized by the public with
increasing scepticism as the philosophicg] trend toward regarding
health care as a right and not merely a pé?zilege grows. A pervasive
-aspect of the resulting demands for accountability from government
agencies in the funding of health services is the request of the public -
for equal access to appropriate and high quality health care. (oncur-

rently, the accelerated rates of change characteristic of modern soci-

ety (Toffler, 1971) are reflected by significant developments in scien-

tific knowledge, innovations in medical practice, and techmological
advances. Accordingly, the provision of health services has evolved
from a simple, disease-oriented, curative system into a highly complex,
multi-dimensional, health care industry. Spec;alization has becoe a
dominant trend aﬁ‘health pergonnel narrou their scope of practice in
order to cope with the complexities arising from these changes. The
social, political, and *§nancial - costs associated with these trends
necessitate careful plannihg for those components of the health care
system most closely linked to medical-technological specialization and
high costs -- namely acute care hospitals.

In responding to these demands for acountability, planning for the
optimal utilization of health care resources is one of the most crit-
ical and difficult tasks currently facing decision-makers in the health
care system. Plahning ag a rational process is dependent on the estab-
lishment of an appropriate infogrmation base. Given the re]atzve cost-

liness of acute care hospitals in comparison with other conmponents of

the health care system, investigation of the utilization patterns

’ 1



associated with acute care hospitals is essential in developing a com-
prehensive information base for health care planning.

1.1 Nature of the Problem .

Although the Province of Alberta ranks above the national average
' (fourth highest) with 6.27 acute care hospital beds per capita, com-
sared to a low of 5.55 in Quebec and high of 7.50 in Saskatchewan

(Statistics Canada, 1981), the appropriateness and equiFabie distri-
bution of these hospital beds for meeting the population's needs have
not been comprehensively analysed (Dartnell, Pincock, Moore, Flynn, &
Ding, 1977; Hospital Utilization Committee, 1980). i+ would appear
that three confoundinj dimensions of hospital wutilization linit the
completion of such an analysis. The first dinension relates to the
inpact of referral patterns.an hospital utilization. The geographic
distribution of the population has traditionally formed the basis for
predicting utilization behaviours and allocating hospital beds. How-
ever, preliminary investigations indicate the existence of patient
referral patterns, resulting in actual utilization patterns for hospi-
tal services that vary substantfa]]y from those expected using the more
traditional (per capita) demographic approaches (Dartnell et al., 1977,
_Paine, 1975). Furthermore, establiskment of an equitable basis for the
distribution of hospital beds is complicated by the existence of signi-
ficant variations in the operating expenditures per patient day across
provincial acute care hospitals. The magnitude of these variations,
which range from $71.84 to $501.33 per patient day in 1978-1979
(Alberta Hospitals and Medical Care, Undated, pp. 74-76), indicates
that hospitals may conceivably provide varying levels of services;

thus, the equitable distribution of health care resources i1ight more
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accurately be asspssed in terms EF the number (or proporticn) of beds
in provincial hospitals which are used to treat patients requiring
different levels of care. Although it is generally acknowledged that
the nature of acute care services required by a patient depends on the
complexicy of his/her illness, lack of walid measures of need for these
services further compromises the determination of an equitable distri-
bution of resources. These three interactive dimensions are perceived

1.2 Purpose, Objectives, and Approach

The main purpose of this study is to conduct an exploratory anal-
ysis of utilization patterns for Alberta acute care hospitals in order
to develop a uethodolody for estimatinyg hospital bed utilization by
levels of care, which reflects the actual care-seeking behaviours of
Albertans. To accomplish this, the following research objectives were
established:

1) to derive a conceptual framework for estimating acute care bed
utilization by levels of care based on an analysis éf geographic
~variations in patient utilization patterns;

to develop a methodology for estimating the numbers (or percen-

(%]
L

tage) of beds in each hospital used to provide primary, secon-
dary, and tertiary care to Aibertaﬂs, using a series of patient
origin-destination analyses; and
3) to evaluate the utility of this wmethodology by assessing the
relationship between estimates of bed utilization by levels of
care for each hospital and operating costs.
The establishment of planning alternatives which may be used to

reinforce Government policy decisions is frequently restricted by lack
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of suitable inFcrmaticn_ In undertaking this study, the investigator
has endeavoured to use data which aré?feadi1y available to provincial
governnent personnel and, in the process, to assess the usefulness of
these data in planning for the optimal distfibJ%ian of acute care hos-
pital beds in Alberta.

I+ appears from the researcher's investigations thatfthe develop-
ment and application of a common methodology to .all hospitals in a
large study area, in order t0 derive hospital-specific estimates of bed
utilization by levels of c;rei represents a new approach to studying
hospital bed utilization. In deriving the methodology, it was neces-
sary to evolve estimates of unknown population parameters based on

assumptions (models) of reality as perceived by the researcher. As a

=,

p
means of teshifig the) research approach, the methodolaqy developed in

this study was aopli incorporating two different models.

1.3 Significance of the Study

\
Acknowl edgement of the finite nature of resources available for

ensuring the public's welfare places a premium on the rational distri-
bétiaﬁ g% these resources, particularly in regard to proportionately
high CG%}séﬂmﬁﬂﬂEﬂtS such as hospitals. Within the health care system,
the 1nifia1 p@1icg decision to allocate funds for the construction of

hospital beds embodigs ‘significaﬂt long-term financial implications.

Based on recent per patient day operating costs and occupancy rates

. (Alperta Hospitals and Medical Care, Undated, pp. 74-76), estimates of

total operating expenditures per hospital bed over a 30 year life span
range from $620,000 to $4 400,000 in constant 1978 dollars. [If the
current treng towards medical specialization and the implementation of

sophisticated, costly diagnostic-treatment technologies continues,
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escalation’ of costs will :efsist. particularly for those acute care
hospital beds which are éésignated for treating more seriously i1l
patients. *

With the removal of most economic obstacles taicbtaining health
care services, the traditional economic supply and demand theories are
inadequate for regulating the nuiber ‘and distributipn of hospital beds.
At the same time, different segments of the population espouse jésti—
fiable, but frequently divergent perspectives on the optimal allocation
of health resources. In fulfilling 1its mandate, the Government's
policy decisions regarding the allocation of health resources, such as
hospital beds, should be based on rational information. In view of the
various contextual variables involved, however, health caré planners
and policy initiators facé a formidable task in determining acute care
bed allocations which are economically, socially, medica11y; and polit-
ically viable.

In view of these complexities, the research undertaken 1in this
study has multi-dimensional value. Spegific$11y; the use of patient
origin-destination daﬁa takes into account the variety of extraneous
variables (e.q., patient preferences, physician referral practices,
c%ﬁﬁé%igﬂ factors) which influence patients' actual utilization pat-
tefns. sttnates of the number of beds used to provide primary, secon-
%gry, aﬁﬁ tertiary levels of care may be employed, in conjunction with
§mab1 area variations in utilization rates, to detec£ possible iiabal-
ances in the provision of different levels of inpatient hospital ser-
vices to specific populations. Given the premise that construction and
aperaﬁing costs involved in funding a primary level bed should be less

than the associated costs of a tertiary level bed, a planning method-



ology which imcorporates this deQ{ee of differentiation in calculating
requirements for acute care bed§ has increased potential for cost-
effective and efficient resource allocation. Determination of the
relationship between referral patterns, geographic regions, ahd the
designation of three levels of acute-care beds may be of relevance in
assessing the feasibility of regionalizing hea];h care services. The
findings of this study may be used to avoid duplication of expensive
services in that the natural propensity of the population to utilize
specific services may be assessed and regional boundaries determined or
adjusted to reflect these patterns.

In recognition of the complexities of the health system, .the
investigator has undertaken this study in an effort to investigate new
approaches to the problem and, thereby, to contribute to the develop-
ment. of a more rational basis for determining health resog;ie a11o;
cation.

1.4 Scope, Assumptions, and Limitations

Scope. This study involves an exploratory, cross-sectional analy-
sis of acute care hosp‘ta] bed utilization patterns in Alberta, and the
use of these data to develop a riethodology for esiimating the number
(or percentaye) of beds in the 121 provincial hospitals used to provide
primary, secondary, and tertiary levels of care. The study is restric-
ted to Alberta residents hospitalized in acute care hospitals in the
proVince. Due to the lack of appropriate data, evaluation pf two
aspects of utilization behaviour were deemed beyond the scope of this
study: 1) identification of the factors which influence care-seeking

patterns vhen patients are faced with alternative sources of care, and
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2) determination of wvhether or not there are'sufficient!hpspitaT beds

in Alberta to satisfy the health needs of the populatien,,

Assumptions. Implementation of this study was contingent pé@g the

validity of the following research assumptions.

1)

3)

B8y restricting the study to Albertans hospitalized in prcvincia1i
acﬁte care facilities, utilization data were analysed as if the
province has a closed hospital system. Thus, it was assumed that
non-residents accessing provincial hospitals and Albertans seeking
care Qutsiée the province would have a negqliqible effect on the
fesear%h results. This assumption was ne€essar; insofar as uti1i—
za£i§n data for these two sub-populations were not readily avail-

able and/or in a form that could be analysed within the framework

-developed for this study.

Lack of generally accepted criteria for determining the approp-
riate Ya1aunt of care required by patients limits attempts to
ascertain under or over-utilization. To compensate for this
absence of valid standards, it was assuned that current utili-
zation rates approximate the true need for various levels of
inpatient acute care service in the province. In other words, the
determination of adequate levels of utilization is in “reiative“
rather than "absolute” terms.

A normative view of morbidity was adopted, based on the assumption
that the basic needs of the study population for different levels
of inpatient hospital care are ore or: less similar (although
actual utilization rates fér'smal] geographically differentiated

subpopulations may vary to sone deqree).



T

It is an accepted tenet that variations exi§£ in the level of com-
plexity and intensity of services available at different hospitals
and required by patients. Numerous factors wust be considered 1in
achieving an optimal match between the needs of patients and the
services provided; measurenent problems have limited the quantifi-

cation of the components of this interaction. The terms "pri-

“mary", "secondary", and “tertiary" are cowonly cited as a rela-

tive means of distinguishing anong levels of hospital care. For
the purposes of this study, it was assumed that the miﬁistraticnsr
provided by hospitals serving a large area could be differentiated
into three levels of care. Furthermare, the assumption was made
that provision of different levels of care is successively inclu-
sive:. lower level services are available iﬁ hospitals providiny
highér level care. This assumption appears reasonable given that:
1) 1ost seriously i1l ﬁéthﬁtS required lowver level services as
well as specialized care, and 2) more complex levels of care are
characterized by increasing deyrees of personnel expertise and

technological innovations.

5)~._To establish a qeographic basis for assessing the provision of
~ :

aE&ge care services in the study area using patient origin-destin-
aticnaﬁa}a, it was assumed that the most appropriate unit of anal-

ysis wou]é'fbe the pre-established 'hospital districts':  these

districts dividéaxthe province into 103 mutua1iy exclusive and

exhaustive gecgraphié“izgasi A further assumption was made that
these hospital districts could—be aggregated to form larger; rore

comprehensive regfons which conforn to patient referral patterns.



7)

8)

Congruent with the regionalization or ecology approach to analy-
sing patients’ care;seeking behaviours, it was assuined that hQSpi;
tals and hospital districts could be ciéssified, according to dif-
ferences in the levels of care provided or available for patients.
These classifications formed the basis for measurimg patient util-
1zation rates by levels of care.

Two re1a£ed assuméti@ns regarding the concept of distancé raiﬂi%
mizgfign were applied. Firstbit was assumed that patients would
ac¢e§5 the hospital(s) located within their district of origin
(i.e. the closest facility) if the appropriate level of care was’
available. If the required level of care was unavailable, it was
assuméd that patients would then travel /be referred) to the near-
est hospital in another hospital district providing the necessary
level of care. Utilization research has shown that distance mini-

nmization is a predomirant factor influencing patients care-seeking

‘patterns, particularly in rural areas. Given the geographic char-

acteristics :Df Alterta, these. distance ninimization assumptions
éppéari1agita1g

Notwithstanding the effects of economies of scale in the provision
of hospital care, it was assumed that the increased concentrations
of specialized personnel and sophisticated technologies required
to provide higher levels of care, give rise to inter-hospital
variations in operating costs. At least part of these costs are
related to the distri?gtign of beds among the three levels of

care, namely, primary, secondary, and tertiary.



Limitations d

The linmitations affecting this study are associated prinarily with

lTimitation in the data and analytic techniques appTied.

1)

The data used in this study were obtained from govermaient sources
ich, in turn, were derived mainly from the compilation of many
regular reports submitted by the various hospitals. Compatability
of the dafa is limited by the consistency among hospital nersonnel
in interpreting and adhering to established criteria for. data
collection. Verification of the reliability and validity of these
data was impractical given the quantity and -confidential, techni-
cal nature of the data.
A limitation in assessing the utilization data relates to the unit
of a;alysis employed during collection of these data. Utilization
data are compiled using the separation episode rather than the
satient as the unit of analysis. Every patient admission to a
hospital, whether it involves re-admission for treatinent of the
same disease episode or a transfer fror another hospital is re-
corded as an independent event (i.e., new patient separa&:on). As
a result, the utilization data may tend to over-represent thé num-
ber of cases treated in hospitals which transfer man;icgses to
referral hospitals. To partially compensate for this limitatfon,
analyses involving utilization data were completed using patient
days, as well as separations.
This study was limited to a cross-sectional analysis of acute care
utilization patterns based on- the most current data available

(1977 and 1378). The investigator acknowledges that a longi-

tudinal study, which incorporates utilization data collected over
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4)

5)

an extended time period, would crovide 31 ore  comprenensive
assessment. However, complicating circurstances, including chan-
ges in data definitions and the prodij ous amount of data invol-
ved, would have constituted an unwieldy data htase, inappropriate
for purposes of this study.

Analysis of hospital bed utilization patterns, in conjunction with
the related demographic data, was lirmited by lack of census stati-
stics for the corresponding years. [nsofar as detailed, area-wide
demographic data are available Fg% census years only (e.g., 1971 &

1976), a two vear differential exists between the utilization data

ian51ysed in the ssggy (1977 and 1973) and the nost current census

data available (1976). This time lag may have contributed to
minor under or over-estimates when adjustments were made for ayge-
sex differences in the sub-populations. :

Patient origin-destination analyses undertaken in this study were
limited by the use of hospital districts as the basic geographic
unit of analysis. Significant variations exist in the circumfer-
ance of these hospital districts, the demoqraphic characteristics
of the related populations, the transporation systems available to
district residents, and the locational configuration of associated
acute care facilities. Thus, the distances travelled by patients
origin or from the next "closest" hospital providing higher levels
of care may not always be comparable. Although it is,rEEagﬁized
that patient origin-destination data, based on point gpgcifiﬁ foc-

ations, would provide increased accuracy, the collection of such



data and the complex analyses involved were deemed to be beyond
the scope of this study.

Definitions of Terms and Concepts

The utilfty of any research is predicated on cTafichaéiaﬂ of

integral terms and concepts. Within the context of this astudy the

following definitions were used.

1)

4)

5)

ACUTE CARE HOSPITAL - a facility which provides primarily for the
diagnosis and short-term treatment of patients with é wide variety
of diseases cr'injuriesi with services unrestricted to a spécifig
age group or sex. , ’ |

ACUTE CARE/SERVICES refers to those diagnostic/treatnent activ-

ities involving patients after they have been admitted tq-a hosp-
ital (i.e., occupy an acute care hospital bed). Servicesicare
obtained by patients on an outpatient basis are not included.
PETIEHTFQRIGIN - connotes the hospital district vhere a patient
normally maintains his/her residence or legal address.

DESTINATION - designates.the acute care hospital from which a pat-

jent is discharged following an episode of illness necessitating

inpatient services/care.

LEVELS OF CARE - represent the va%ying,intensity or complexity of

inpétiEﬂt care/services provided within an acute care Faci?i%y_
The terms é%rimaryif.SEEQndafy, and tertiary are used !ta distin-
§uish, in relative terms, the increasing degree of complexity and
jntensity in the levels of care a hospital is equipped and staffed
to provide. Primary level care includes the provision of ai1arge

nunber of basic services; tertiary level care represents the least

common and Righly specialized services provided at the opposite

12



6)

8)

9)

10)

11)

: 1-6

end of the severity-complexity continuum, whereas secondary level

' care denotes those services required by patients who are moder<

ately i11.

PATIENT SEPARATION - the official departure of a patient (alive or
dead) from a hospital. Discharge of a newborn is deemed to occur
at the time of official release from the hospital. e

PATIENT DAY - the day, or portion thereof, which an individual
spends as an inpatient in a hospital, usually determined by his/
her presence in a facility at 24:00 hours.

PATIENT DAYS - total number of days spent by hospital inaatieéts

during a specified time period.

 AVERAGE LENGTH OF STAY - the average number of days spent in the

hospital by inpatients who were separated from the hospital (dead
or alive) during a specified period. This is calculated by divi-
ding the total number of patient days jenerated by separations for

a specified time period.

BED UTILIZATION BY LEVELS OF CARE PROFILES - an estimation of the

number (or percentaqe) of beds in each hospital used to provide
Level 1 (primary), Level Il (secondary), and Level II[ (tertiary)
care to -patients based on the methad;1agy developed in this study.
CLASSIFICATION - the homogenous arrangement of, hospitals and hos-
pital districts by levels of care provided or available, resp6§;

tively.

Thesis Format

The thesis is presented 'in six chapters and four appendices. In

" Chapter 1 the research objectives, significance of the' study,



scope, assumptions, Qjmitatmns, and essential definitions are
noted. Chapter Il is comprised of a review of literature relevant
to the research objectives. Development of the conceptual frane-
work used in this thesis is delineated in Chapter IlI. In Chapter
IV, the methodology for estimating hospital beds by levels of care
is derived, and the resulting application of this methodology is
presented. An evaluation of the methodology provides the focus
for Chapter V. In Chapter VI, the final chapter, a swmiary of the
research findings, major conclusions, and iumplications for further
research are outlined. C(Clarification ar? elaboration of specific
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CHAPTER 1
A SELECTIVE REVIEW OF THE LITERATURE

The following sgiegtive review of the literature is designed to
provide an overview of developments and research findings 1in health
care and related fields of study vhich are of relevance in achieving
the objectives of this 'study. The four main areas included in this
1iteraturé r3vie; are: 1) the theoretical relationships among con--
cepts of need, demand, and utilization as related to the consumption
and allocation of the health care resources; 2) uses of classifi-
cation methodoloqgies in health care with a major emphasis on the issues
associated with measuring hospital output and the results abﬁaiﬁed when
measJ;;§;2F outputs are used to group hospitals; 3) applications of
patient origin-destination methodologies in assessing hospital utiliza-
tion patterns and resource allocation; ahd 4) previous studies conduc-
ted on the Alberta health care system which are pertinent to this
thesis.

2.1 Need, Demand, and Utilization as Oeterminants of Health Care

Resource Allocation

Congruent with the tenet that a system exists for the purpose of
accomplishing a goal(s) (Churchman, 1968), a primary goal of any-heaith
care system is to Eﬁsurei the efficient allocation of resources in
meeting the health needs of the population. Inevitably, in attempting
to achieve this goal, discrepancies appear between the perceived need
for health care and the quantity ;nd distribution of resources to sat-
isfy this need. The resulting anbiguity, uncertainty, and controversy

can be linked to three aspects of need as used in relation to the sys-

tem: 1) lack of a comionly accepted definition and/or measure of
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health care needs; 2) existence of rmultiple and divergent choices on

the relative balance of manpower and facilities which ame appropriate

need t0 changes in numerous, complex variables influencing utijization
A

A}

(Ahite, Anderson, Bice, Kalimo & Schach, 1976, p. 207). \

: 1
in imeeting health needs; and 3) the responsiveness of the mpgation's

2.1.1 Definitions of Need, Demand, and Utilization within the Health

Care System

Determination of the optimal level of resources necessitates the

existence of acceptable criteria for assessing need’ and for evaluating
the effectiveness of the measures taken in alleviating that need. Tra-
ditionally, neoclassic econoic theorists have analysed health care
needs as an aggregate concept by us'ing the level of demand, determined
by the pricing wechanism of the competetive market place (Boulding,
1966, p- 202, Maymard, 1979, p. 121.) Demand equ—ﬂibﬁm’ﬂ becomes the
proxy estimate for need. Three significant factors influencing the
utilization (need) of health care services include: 1) the stochastic
nature of illness; 2) tne lack of coaprehensive information which
deters consumers from making rationaT choices when selecting health
care services; and 3) the presence of externalities which result in
related costs or benefits in excess of the price charged to the con-
surter. These factors result in serious challenges to the appropriate=
ness of the market concept of demand as a basis for defining health
needs and for allocating health care resources (Arrow, 1963; Culyer,
1971, Evans, 1974; Maynard, 1979).

Boulding (1966, p. 214), Cooper (19‘74, p. 91)‘, Field (1973, p.
766) and MacStravic (1978, p.8) added further substance to this pers-

pective by elucidéting that insofar as health tends to be socially
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defined, the individual's need for health care is a relative concept,
Tacking objective reality and subject to the evolving vaTues!Qf soci-
ety. Meanwhile, physicians who have been designated by society as the
“social gate keepers" of health care have evo]ved as the experts in
defining health needs. Their decisiags have & significant impact in
determining the quantity and distribution of health care services
(Arrow, 1963, pp. 44-47; Cooper, 1974, . 91; Griffith, 1972, »p. §;
MacStravic, 1978, p. vii).

Other researchers have supported the perspective that need should
be defined as the amount of health services required to maintain a
specific population at a stigy]ated Tevel of 'well-being'; well-being

tends to be ieasured against a subjective definition of the optinal

level of health, based on current medical knowledye and usually estab-’

lished by a group of experts (physicians) (Allen & Karolyi, 1976, PP
17-18; Cooper, 1974, pp. 91-92; Feldstein, 1979, pp. 74-73; Griffitn,
1972, pp. 20-21; Shonick, 1973, p. 8; Warner & Halloway, 1978, op.
239-240). Jeffers, Eognanno, and Barlett (1971) identified the weak-
nesses which 1imit this approach to defining health needs:

An accurate specification of a population’'s 'needs' for med-
ical services requires perfect knowledge of its meibers'
health, the existence of a well-defined standard of what cgn-
stitutes 'good health', and perfect knowledqe of what modaern
medicine can do to improve i1l (or below standard) health.’
[t must be acknowledged that existing diagnostic procedures
are not capable of providing perfect knowledye of the state
of any population's, or even an individual's health. It also
must be acknowleged that a clear-cut consensus as to what
constitutes 'good health' does not exist among professionals.

(p. 47)
In recognition of these limitations, many of the preceding authors
defined demand apart from the concept of need and, in the process,

delineated two different components of demand which for purposes of



thts study have been iabelled 'expressed denanq‘ and 'unexpressed de-
mand'. Expressed demand refers to the level of health care used, aris-
ing from the initiation of either the individual patient (including
his/her quardian) or the physician acfing as the patient's advocate in
the process of care (diagnosis and treatment). As such, expressed
demand was deened to cforrespond to the level of actual usage patterns
for health care (Griffith, 1972, p.21). Conseguently, this component
of demand in health care was identified as the "utilization” level for
health care services (Scanlon, 1980 pp. 832823; Stuart & Stockton,
1973). =The second component, unexpressed dennand, was defined as the
level of services in excess of expressed derand (utilization) that con-
suters would use if unrestricted by financial or supply constraints
(Cooper, 1974, pp. 91-92; Griffith, 1972, pp. 20-21).

A< an alternative to the aggregate. approach, Donabedian (1973)
proposed a patient-centred conceptual model for assessing health re-
source allocations. The dual! nature of health care interactions,
involving the patient as well as the physician, was the primary focus.
‘In developing this model, Dondbedian (1973) defined need as: A

the states of health of illness as viewed by the client, or

the physician, or both, as likely to make demands on the med-

ical care system. Need is defined, therefore, in termus of

 the phenomena that require medical care services. (p. 64)

fram the preceding literature review, it is apparent that the def-
inition employed in determining the existing level of need in the popu-

lation, and the approach used to measure health needs have a direct

impact on the allocation of health care resources. Due to the failure

to achieve consensus on the criteria for assessing need (Boulding,

1966, p. 202) and the supposition that infinite resources would not
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eliminate all health care needs (Cooper, 1974; Feldstein, 1967), heal:h
care planning according to need appears unattainable and potentially
very costly. Thus many policy makers advacéte reliance on actual util-
jzation behaviéurs as the basis for allocatirg health resources (Allen
& Karolyi, 1976, p. 17, Feldstein, 1979, pp. 74-102; Griffith, 1972,
p. 21). However, general disagreement among experts as to what mix of
services should be employed in order to alleviate the identified state
of need also influences the allocation of resources. This aspect is

considered within the subseguent section.

2.1.2 Determination of the Appropriate Allocation of Resources

In recent years, the most salient characteristic of health care
systems in industrialized countries is the trend towards specialization
and increasing complexity in the delivery of health services. A signi-
ficant aspect of this trend has been the Exp@n&ﬂQ?é] increase in diag-
nostic/treatment protccols available and tne skilled personnel employed
in the provision of health services (Field, 1973, pp. 71-72, 75-76;
Heghani;, 1977, pp. 62 & 69). Cespite the extra resources used to-
provide these more complex nedical services, it has been noted that

related increases in productivity (as measured by improvements in the

general health status of the population) have not occurred (Fuchs,

1979, p. 155; Mechanic, 1977, p. 62). Assessment of an optimal mix of
resourceé has been compromised by difficulties in evaluating the large
ﬁuébers of new diagnostic/treatment services and by the apparent high
value that the public places on the avai?a?iiity of these costly, tech-
nalcgica]lj complex health services (Inglehart, 1977, pp. 25-26, Field,

1973, p. 775).



Failure to achieve positive changes in the general Hhealth status
of a population with the use of more, costly, technologically sophisti-
cated diagnoYfic-treatment services has implications in selecting the
optimal mix of health care services. Bennett (1977, p. 129) and Field
(1973, pp. 775 & 779) noted that recent changes in the health care sys-
tem have usually been characterized by specialization and increasing
compkxity which were associated with "add-on” technologies instead c’.\f
"substitute" technologies. The use of substitute technologies was per-
ceived as providing an improved, more efficient and iore productive
means of accomplishing an existing task; whereas, the deployment of
add-on technologies was seen as enabling the completion of tasks that
were previously beyond t:ie capabilities of medical practice. Bennett
(1977) maintained that add-on technologies have a neutral or negative
impact on overall productivity because: 1) additional costs are gen-
erated in providing these neu sefvices without duwproving the basic
health status of the population, and 2) social cost may soar as a by-
product of these technological add-ons (i.e., long term chronic care of
a paraplegic “saved" by advances in technology). iﬁ‘f

A similar perspective was enunciated by Mechanic (1977, p. 62) in
identifying the limitations of recent medica]iteghgng]ﬂgica’lr devel op-
ments which he labelled "halfway technologies". The majority of these
expensive, sophisticated nedical techno1ogi‘es tend to be associated
with acute care hospital settings (Mechanic, 1977; Phillips, 1973,
Russell, 1976).. Russell (1976, p. 570) found that consideration of the
high cost conponent services provided in a hospital, as opposed to

analysing the hospital as a single service entity, was fimperative in



assessing the optimal aﬂocatjon of resources for different seérvice
needs.

Industrialized countries have continued to expend the largest por-
tion of health resources on sophisticated, technology oriented, hospi-
tal based health services {Abel-Smith, 1976; Blanpain, 1975, pp. B84-
89, Groot, 1975, bp. 50). Statistics 1llustrate that institutionally
based health care services continue to receive the largest prc;oortion

v

of the heal;h budget in Canada (Statistics .Canada, 1962 & 1980). It is
suggested that government funding of re'search on life-proliongi and
Yife-saving technologies (Inglehard, 1977, p. 26) and the inabﬂ“ of
countries, which have health care systems financed through third:party
insurance, td institute a comprehensive "r;'esoﬁrce rationing mechanisnm
(Mechanic 1977, p. 53) have fostered unre‘:l‘isti'c public expectations
regarding modern medicine. Consequently, demands ¥or care have esca-
1afed, with significant implications for planning of resource intensive
services such as: those provided in hoépita]s.

Medical care "has become one of the largest industries in modern
society” (Fuchs, 1979, p. 155). Techniques are needed to control the

rapid proliferation in the number of service options available, pending

evaluation of their cost efficiency and ease of accessibility for needy

sopulations (Greenwald, Woodward & Berg, 1979). Mechanic (1977, pp.
69-72) advocated the formulation of a planned system of‘primary, secon-
dér_y and tertiary levels of services as a means of ensuring rore effi-
cient allocation of health resources. Primary level services would
pro'vide the méin entry point to the system, with the pofent%‘a] for éo—
ordination between the more expensive secondary or tertiary level ser-

vices, and the primary level controlled by regulation through the plan-
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ning process (ﬂechaﬁic. 1977, pp. 71-77). This approach to rationing
hea1;h resources assunes that alternative mixes ©f resources may be
used in Satéisf_ying similar care requirewents.

Given the complex sugp’l_y;and demand factors affecting the ?heai th
care system, it is suggested that it may be unreal istic to expect that
resources could be allocated on a strictly rational basis. Instead, "8
more informal and flexible planning prcéess is nec&ssary, which inevit-

ably leads to inequalities, at least where the all ocation of very high

E=

cost, advanced technological procedures are concerned” (Jffice of.

Yealth Economies, 1979, p. 283).

In sunmary, variieus alternatives exist in deterMmining the approp-
riate mix of v‘*eséurce allccations in health care. The proliferation of
expensive medical technologies and the public pre&sSure to make these
services available without vﬁeg‘ard to cost efficienCy at aniaggregaf;e
level serves to complicate the realization of optimal resource allo-
cation, particularly for those services orovided in ayte care hospi-
tals.

# B
2.1.3 Variables Inf”lqencjngj{tifh’zatipn

In addition to the difficulties in defining health needs and un-
certainty regarding the appropriate rrix of resourcés to be required,
planning for the optimal distribution of resources is further compli-
cated by the complex factors affecting hea1ﬁh care utiljzation. The
. literature is replete with studies which have enciedvoured to identify
and quantify the impact of these variables, especially in regard toO
hospital utilization; nonetheless, a.selective review of this research
i1lustrates that the nature of the relationship between these variables

and utilization behaviour remains unclear. Although many different



models exist for analysing these relationships, three dimensions are

commonly cited as influencing health care utilization: 1) demographic

. characteristics; 2) argaﬁizati@n of the health care system; and, 3)
societal trends (Andersen & Newran, 1973. Anderson, 1976 & 1973; feld-
stein & German, 1975; Kennedy, 1980, Rosenthal, 1965, Rothberg, Pinto &
Gertman, 1980, Veeder, 1975). r

Extensive research has been conducted to evaluate the inportance
of demographic variables on hospital utilization. With regard to ethnic
compasition, various authors noted an inverse relationship between the
percentaqge of naﬂawﬁ%tes in the population and hdspital utilization
i(patiéﬁt days or admissions) (Andersen & Newmar/, 1973; Feldstein &
German, 1975, Cordle & Tyroler, 1974). Conversely, Ferguson (1976)
found a positive relationship between the proportion of non-whites in
the population and average length of stay (ALOS). Similarly, while
various reseachers identified that older patients required increased
hospital services (Andersen & Hull, 1969; Anderson 1973; McCarthy &
F?ﬁke]‘ 1980), other researchers denonstrated that controlling for age
produced insignificant effects on overall ALOS (Gornick, 1975; Rothberg
et al., 1980). Investigations of the rural versus urban demographic
dimensions have produced conflicting results. Anderson (1973), Ander-
sen and Hull (1969), Harris (1975a), and Ro (1962) proposed thét use of
hospital services was positively related to the degree of urbanization;
whereas ne -~2ults of other research studies showed an inverse
relatior.=i;» ""eidstein & German, 1975; Roth et al., 1955). Analysis
of demographic impacts of utilization related to socio-economic status

have also yielded contradictory results (Bice & Rabin, 1973; Metcalfe,

1977).



A number of studies focused on the orjanizational dimensions of

the health care system and the associated effects on utilization. Sub-

stantial evidence exists to support the hyp@thesisr(wide1y’referred td

as "Roener's Law") that an increase in availability of services (e.g.,
hospital beds) leads to higher rates of utilization (Anderson, 1973;
Harris, g1975b; Roemer, 1§613; Rogatz, 1974; Shain & Roener, 195?).
However, other researchers postulated that the number and distribution
of physicians have a significant impact on the relationship between bed
supply and utilization, that conceivably distorts the manifest effects
(Evans, 1974, Ro, 1969, Roemer, 1961b; Rogatz, 1§74; Rothberg et al .,
1980). Indeed, the results of other studies indicated that both the
number and type of physicians (jeneral practitioners vs. specialists)
have variable, mediating influences on utilization behaviour which may
diminish the influence of bed supply (Gaag, Rutten & Praag, 1975;
McCarthyVQ Finkel, 1980, Rutten & Gaag, 1977). Other studies focused
on the 1o§at153é1 efficiency of hospital-related services and the
influence this had on utilizaticn (Abernathy & Hersﬁey! 1972; Revé1ies
Bigman, Schilling, Cohon & Church, 1977; Schneider, 1967). From a dif-
ferent perspective, the teaching status, use of specialty consultants,
and reputation of th? hospital (Eastaugh, 1979; Ro, 1969) were identi-
fied as factors affecting utilization. Other researchers concluded

that the type of illness had negligible effects on average length of

stay (ALOS) and/or utilization patterns associated with different’

regions and hospitals (Andersen & Hull, 1969; Harris, 1975b). Depen-
ding on the research perspective, the effect of Drgaﬁiiatienai vari=

ables on utilization appears highly variable.
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Societal trends, related to changing values and beliefs, affect
the structure of the health care system and associated utilization pat-
terns (Andersen & Newsman, 1973; Fuchs, 1972; Field, 1973). Researchers
have identified that technological changes (Mechanic, 1977; Russe?,
1976) and lifestyle variables (Laionde, 1974, Mason, Bedwell, Swayg, &
Runyan, 1980) are apparently related to utilization patterns. However
the effects of these determinants are somewhat distorted by the increa-
sing bureaucratization of the health care system (Field, 1973; Fuchs,
1979) and the “technological imperative” (the proclivity of physicians
to employ new technologies siuply because they exist) (Fuchs, 1968).
Thus the abstract, interactive nature and gradual evoluytion of these
trends ikm’bit endeavours to clarify and quant*i‘fy their i{npact an the
manifest demands of the population for health care.

Based on the preceding selective review of the more comonly

researched variables, it is apparent that the nature of these relatians .

is imprecise and often contradictory, depending on the perspective

assurnied. Measurement of their impac\t on utilization is therefore very

difficult.
2.1.4 Surmary i

An overview of the theoretical relationships among need, demand,
and utilization was provided as a basis for understanding the complexi-

ties involved in establishing a rational method for assessing need and

for ensuriag an equitable distribution of health resources. The major

points related to the preceding literature review are as £01 Tows :
1) Measurement of need for health services is constrained by the abs-

tract, subjective nature of the concept. The amount of health



services demandég (utilization) has generaliy been accepted as an
VaEErcprjate, proxy ‘neasure of need for health services.

2) The detéfminaticn of optimal resource allocation is complicated by
the proliferation of medical technologtés, which have increased

the number of treatment alternatives. JThis situation is particu-

/ 1arly noteworthy in determining resource allocation for techngiogj

intensive facilities such as acute care hospitals.

3) Health utilization patterns are a result of the combined effects

of numerous, complex variables, related to demographics, organiza
tional characteristics, and social trends. Researchers have béen
relatively unsuccessful in clarifying the relationships between
these variables and utilization patterns.

2.2 Classification and the Allocation of Health Resources

Vast amounts of data are required to prouvide a c@mpreheqsive
assessment of the cowplex nature of the health care systen 35 manife-
sted in patient utilization behaviour. Assimilation of these data has
often béen facilitated by the use of data reduction techniques. Class-
ification is a-data reduction technique which is widely used for thi§
purpése in variau§ fields of study, including the health care system.
In the dictionary sense, classification is defined as “arrangement
accg}diﬁggio some systematic divisions into classes or groups" (Web-
ster's, 1979, p. 2635; Within the context of the health care system,

the Report of the Working Party on Patient Classification (1973, p. 7.

. stated that the precise meaning of classificatign is "conceptually dif-
ferent" depending on the circumstances and purpose surrounding its use.
The primary purposes of classification are: 1) to facilitate the

%

summarization and labelling of data for economy of memory and clarifi-
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caéicn of comnunication; 2) to describe and simplify the structural .
relationships between constituent elements thus enabling the grouping

of homogeneous elements according to general, identifiable criteria;

3) to fépf&ééﬁf the data such that areas for further research are

indicated; and 4) to simplify the retrieval of small amounts of infor-

mation from a Targe systen (Cormack, 1971, p. 322; Sokal, 1974, bp.

11156).

An understanding of the three main applications of classification
techniques in the health care system 1is germane to the objectives of
this study. & brief overview of two applications, disease classifi-
cation and patient classification is provided primarily in order to
clarify the concepts and terms. A wore indepth overview of literature
pertaining to tﬁé'third applicatiom, hospital classification, is pre-
- sented because of its relevance to this study.

2.2.1 Disease Classification

Traditiggally, the classification systems developea for use in

medicine h been etiologically oriented (Bay, Stinson, & Leatt, 1982,

p. 5). Thi ,jiientatian followed from the need to compile vital stati-
stité and to evaluate progress in disease control. In 1883, several
European countries compiled the first disease classification systen by
cause of death (World Health Organization, 1977, pp. VIII-XIII). This
system evolved slowly until the world Health Organization published the

first comprehensive morbidity and mortality classification manual in

Death). Based on this manual and subsequent revisions (known as the

International Classification of Diseases (ICD)), two major disease

classification systems were developed to meet the demands of the North
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American health systems. First in 1959 the United States Public Health
Department developed a modified version of the I.C.D. Revisions,

entitled ICDA (International Classification of Diseases, Adapted for

Indexing Hospital Records by Disease and Operations). Then, in 1968

the United States National Committee on Vital and Health Statistics

released ICDA-8 (International C]assjfication of Diseases, Adapted for

Use in the United States) (Commission on Professional & Hospital Acti-

vities, 1969, pp. v-vi).

Since 1954 the Commission on Professional and Hospital Activities,
‘through an affiliated program known as the Professional Activities
Study (PAS), has worked extensively with a large group of North Ameri-
can hospitals in refining and formulating classification systems for
collecting and analysing statistics primarily for evaluation of hospi-
tal operations (Cormission on Profession & Hospital Activities, 1969,
p. IV). The PAS sponsored modification of the ICDA-8, known as the

Hospital Adaptation of ICDA-8 (H-ICDA) provided a disease classifi-

cation system which was predoninantly clinically oriented and conformed
to complex North Aaerican acute care usage requirements‘(Commission on
Professional & Hospital Activities, 1968, pp. IX-XV). Provincial hos-
pitals in Alberta uée the PAS disease classification system for tabu-

lating morbidity and mortality data. In addition, The'Canadian Diag-

nostic Codes (CDC), an abridged version of the three digit level ICDA-8

system developed by Statistics Canada (1975) for Canadian use, can also
be derived from the PAS data collected for Alberta.

Disease classification systems provide a relatively efficient,
simplified, objective approach to collecting a large amount of precise,

health-related utilization data. Nonetheless, several weaknesses in
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the disease classification system have been 1dent1fied, including: 1)
etiological inadequacies for specific diseases; 2) difficulties asso-
ciated with comorbidity; and 3) wide variation§ in the intensity and
amount of therapeutic reQuirements within a disease category .(Bay,
Stinson & Leatt, 1982, p. 5). In an effort to overcome some ofvthese
deficieﬂ%ieg,Aespecia11y in determining wide variations'in individual
care requirements,_patient-oriented classification systems have evol-
ved.

2.2.2 Patient Classification

Alberta -health care literature is replete wit#\references to pat-
jent classification systems. The intent in this lit rature review is

to provide an overview of patient classification concept which is rele=-

vant to this study. The Report of the Federal Working“-Party on Patient

Classification (1973) presented an inter-related three “universe" con-

ceptual framework for patient classification. The framework provided a
comprehensive basis for classifying an individual's needs for care at
three different phases in the operation of the health care system. The
first classification system, which corresponds to the most general uni-
verse, involved the cétegorization of the total population by the
broadest categories of need, labelled “Categories of Health and Social
Need". Included in this classification is the determinationvof re-
source allocations according to such broad categories as preventative,
public héa1th, {nformation, gquidance coynse]ling, ambulatory, and
iﬁstitutiona1 services (1973, pp. 15-21).

The second universe ;ssumes that the individual m;nifesté a speci-

fic need for health and social services. It was proposed that "Types

of Care Classification" was required at this phase, in order to match
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the needs of the patient with the most appropriate program component
(or health care setting) available within the current health care sys-
tem (1973, pp. 24-41). Using this approach, the entire spectrum of
care settings was I;ﬁked to the corresponding care needs of patients
and cateqgorized into five distinctly different "Types of Céfe“; The
types ranée from Type I, associated with an anbulant patient who needs
minimal care, through Types lI-1V, which were designated categories for
_patients requiring different types of chronic care services, to Type ¥
which was designated for patients requiring the services of acute care
hospitals.

The third classification approach, “"Levels of Care Classification”
(1973, pp. 55-63), applied to intra-hospital classification systems.

Levels of Care Classifications were conceptually defined as the cate-

gorization of patients according to their varying needs for nursing .

care within a specific care setting (e.g., all patieﬁts in Type V
~institutions). The measure of nursing care required was deemed to pro-
Qide a surrogate measure of the volume and intensity of care needed
(health resources) by patients in each level of care. It was acknow-
ledged that this measure of need should be expanded to include all dim-

ensions of care, not just nursing care, so that valid assessments of

-

patients' needs and resource requirements could be made (Report of the

Federal Party on Patient Classification, 1973, pp. 55-57).
Empirical investigations of the utility of these three different

approaches to patient classification have Been limited generally to

Typeé of Care and Levels of Care (lassiffcatton systems. 1t would -

appear that Types of Care Classification systems should have appli-

cation in this study, at the theoretical level, by providing the con-
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ceptual basis for identifying that patients using acute care hospital
services can be viewed as a unigue subpopulation (Type V) within the
larger context of the health care system. Similarly, it would appear

that the Levels of Care approach to classification and determination of

resource allocation is relevant at the conceptual level. The concept-

ual perspective “that patients' levels of care vary and that these
levels of care can be differentiated by measuring the services required
within one care setting supports the contention proposed in this study:
that on a conceptual basis the beds of an acute care facility could be
classified as a proxy neasure of a hospital's resources allocated to
patients within different care levels.

Use of patient classification methodoloyies as a weans of deter-
mining resource allocation on a broad scale (across institutions) is
limited by the reliance on need as a basis for assescment and by the
lack of objective criteria for deriving levels of care classifications,
because it has been developed primarily for intra-hospital use. [t is
unfortunate that levels of care classification has adopted relative
terminologies to label each level such as average or '}_@ave average,

strongly suggesting that the results. abia*ined are dependent on the

institution involved. Even if comprehensive criteria were available

for describing patients' needs, in the absence of a valid measure of

quality of care, quantigs}tian of care requirements for individual
patients would continu€ to be affected by the value judgements and
skills of the observer and the envirommental influences unique to each

care setting (Ciovannetti, 1978, pp. 84-89). Thus, the validity of

statistical comparisons based on a level of care patient classifi-

cation, for different hospitals in a large study area, is suspect.



Further, this approach would require substantial resources because
individual assessiient and classification of all or of a representative
sample of acute care patients would be necessarys In an endeavour to
circumvent some of these inherent weaknesses in the use of information
obtainable from a patient classification approach for ﬁlanning and
resource. allocation, particularly in the acute care casiponent, resear-
iners have tended to investigate the supply aspects of the system
(i.e., services provided). This has resulted in the use of classifi-
cation mnethodologies for comparing efficiencies in the use of health
resources across hospitals.

2.2.3 Hospital Classification

In the broadest sense, the main function of an acute care hospital
is to provide health care to a population in need; more specifically,
this may be intepreted as supplying diagnostic-treatment services for
the clinical management of patients. Since acute care houspitals have

the highest rate of resource consumption, in comparison with other com-

ponents of the health care system, research has focused on the efic-.

jiencies of hospitals in supplying these Eerviées to patients. A by-
product of these anestigatiaﬂs has been the evolution of hospital
classification methodologies as a neans of comparing the use of resour-
ces by homogenoué facilities.

Defining the Supp1y7Euq¢tiaqwfct4§;uge Qarg;ﬁaspitais_ Supply, as

used in economics, denotes the amount of output (product) a firma wishes

to sell (Lipsey, Sparks & Steiner, 1973, p. 70). Within the unique,

non-profit health care market, this term more appropriately denote$
some gross measure of need or demand (e.g., bed/population ratios) or

some other proxy measure of output (e.g., amount of nursing care re-

o
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quired) (Donabedian, 1973, p. 212). In both ﬁnstéﬁces, evaluation of
production efficiency is constrained by the absence of comprehensive,
uniform measures of the output of Aospita]s (Fetter, Youngsoo, ?reenAn,
Averill, & Thompson, 1980, p. x).

Donabedian (1973, p. 252) states that "the product of health
resources" may be defined in three ways: 1) services produced; 2)
episodes of illness "“appropriately cared for", and 3) Vincrements {or
decrements) in health “depending on whether one used a “process” or
"outcome" approach in assessing the products of hospitals. Concept-
ually, Donabedian (1973, pp. 249-253f oroposed that frow the process
oriented perspective the product of the system is medical care (ser-
vices produced); conversely, from the outcome approach, the process of
" providing services is viewed as an intermediate step and instead
changes in health status are emphasized as the real output mneasure.
Donabedian proposed that the remaining measure, episodes of illhess
appropriately treated (cases), was a synthesis of the previous two
approaches because "appropriateness" becomes an inherent measure of
oroductivity. Similarly, Feldstein (1967, pp. 24-25) advocated the use
of cases treated as a measure of output as it accounts for the rela-
tionship between length of stay and cost per patient d;y. "The timita--
tions inherent in the use of this measure of hospitals' output include:
1) the definition 6f what is "apprbpriate“; 2) problens in delin-
‘eating discrete episodes of illness in association with corresponding
episodes of care; 3) problems of comparability of morbidity states;
and ;) fix&a cost; for standby services (e.g., empty beds, ambul atory

services) (Donabedian, 1973, pp. 251-253; Feldstein, 1967, pp. 24-25).
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Assgnihg that an episode of illness (case), appropriately treated,
.15 the unit of hcsgita{ sroduction selected, it then fallows logically
that vafignces in hospitals' roles and/or the nature of the case-mix
(i.e., age, sex, type, stage of illness) may result in differences in
the services produced and the resources used. In the following sec-
tions, research in this area is reviewed.

Determination of Differences in Hospitals' Outputs. During the

last decade, a consensus has evolved that case-mix is the most direct
measure of output differences across hospitals which are related to
variations in the use of resources (Evans, 1971 & 1972; Lave & Lave,
1970 & 1971; Klastorin & Watts, 1980). Case-mix da;a (the relative
proportions of different cases a hospital treats) has been used priwar-
ily in investigating resource consumption rate différentia1s within a

population of hospitals (Evans, 1971; Feldstein & Schuttinga, 1977,

Schumacher, Harn, Solnick & Cook, 1979). Fetter et al., (1980) pro-
posed a broader use for case-mix data in such areas as utilizatian
reviews, prospective reiimbursenent for ﬁpspitai budgeting, and regional
planning. A major deterrent in the use of this method of analysing
output differences is the difficulty in establishing cumprehengive and

precise measures of case-mix that incorporate the numerous dimensions

of this variable. Approaches to case-mix measurement can be broadly

grouped into two main categories: 1) surrogate measures of case-mix,
and 2) diagnostically based case-mix aggregates.

The pioneering work in the use of surrogate measures of hospital
gasé;mix was performed by Feldstein (1961), who deinonstrated a Tinea%
relationship between cost data and the number of patient days, which he

identified as proxy measures of hospital output. In recognition of the
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multi-product nature of hospital output and in a desire to obtain an
indication of the quality of these products, Lhve and Lave (Y970) ex-
panded and refined Feldstein's surrogate measures; they employed hospi-
tal size, as measured by the number of beds, and variables to represent
teaching status and location (urban vs. rural) in estimating average
¥ost functions. |

Carr and Fe]dste%n (1967}, in an endeavour to determine the efféct
of hospital size on the Eost of providing inpatient care, used eight
different proxy measures of the capability of hospitals to produce dif-
ferent services. This method was expanded by Berry (1974), who used

*dummy variables, to indicate the presence of absence of 40 different
services in order to investigate the inter-relationships among hospital
size, average cost and scope of services available.

At the same time, other researchers were advocating the use of
diagnostic specific aggregates as the preferred approach to easuring
case-nix differences across hospitals. Seminal research in the use of
diagnostic aggfegates of case-mix was initiated by Feldstein (1968) in
a study of the British Health Service. Noting substantial variation in
the proportional composition of the types of illnesses treated in dif-
ferent hospiia]s. Feldstein aggregated all admissions to hospitals into
nine general diagnostic service groups (i.e., general medicine, general
surgery, paediatrics, obstetrics, gynecology, ears-nose-throat, trau-
‘matic and orthopedic surgery, other surgery, and other general) and
used the relative proportions of cases treated in each cateqory to

a
account for variances in operating costs. Lave, lLave and Silvernan

.(1972) verified the utility of Feldstein's diagnostic-specific approach

in determining hospital output differences.



A refinement in ‘the use of the diagnestic-specific measures of
output was advanced by Evans (1971) who investigated the effect of
diagnostic- and age-sex-specific case-mix data oh the dependent vari-
ables, average cost per case and average cost per day, for 187 Ontario
Hospitals. The results of this study supported'the concept of diag-
nostit and age-sex adjusted measures of hospital output. Evans (1971,
p. 210) noted that 1arge hospitals had higher costs per case, even
when adjustments in length of stay (LOS) were “allowed for" by its
inclusion as a separate independent variable; he concluded that this
‘ "raises‘the nossibility that hospitals' ALOS is not a sufficient repre-
sentation of efficiency in throughput” and as such may mask the potent-
jality that more severely ill patients, within different diagnostic
aggregates, may be treated in ]aréer hospitals.

Evans and Walker (1972) investigated in more depth the issue of
varying case-mix complexity by employing entropy proposed by infor-
mation theorists, as a measure of case severity in British Columbia.
Use of the complexity neasure, and the diajnostic and age-sex aggregate
case-mix measures accounted for 81% and 84%, respectively, of the total
variance in cost differences across hospitals. Based on these results,
Evans and Walker emphasized that the "pattern of discharge diagnoses is
the critical determinant of inter-hospital variations in cost per case
and cost per day" (1972, p. 399).

An alternative approach to measuring case-mix complexity was
developed by Thompson, Fetter, & Mross (1975). Discharge data was cat-
egorized in 383 diagnostic related groups (DRGs) (Fetter et al., 1980;
Mills, Fetter, Fiedel, & Averill, 1976). Each of the 383 DRGs were

deened to reflect homoqenous qroupings of diagnostic cases with respect
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to: 1) vresource use {output utilization) as measured by ALOS, and
2) medical meaningfulness as defined by medical experts based on clin-

ical considrations (e.g., primary and secondary diagnoses, primary and

secondary surgical procedures, age) (Fetter et al., 1980, pp. 12-13).

The relative complexity of different types of cases was linked to the
costs incurred in providing care. This methodology revealed that sub-
stantial differences existed in the case-mix of hospitals that were

“apparently" fulfilling "similar roles" 1in the health care systen;

there were significant differences in the amount of resources used by

different hospitals in treating similar cases, particularly medical and
surgical sub-specialty (Thompson et al., 1975, p. 305).

By combining the key elements from the preceding two research
studies, Horn and Schumacher (1979) developed a comprehensive approach
to measuring the various components of caseiér:ﬁxi Following the infor-
mation theory perspective employed by Evans and Walker [1972), Horn and
Schunacher {(1979) conducted a study based on complexity scores for each
of the 383 DRGs (Thompson et al., 1975) using patient discharge data.
Aggregate case-mig cmplexit; measures were éﬁcﬂated for each hospi-
tal (Schumacher et al., 1979). It was concluded that case-nix complex-

ity has two distinct components: 1) a concentration component, and

2) a risk or severity component. Each of these two components was

idenfified as a significant predictor of cost per case across this hos-
pital population. [n addition, the results indicated that "hospital

descriptors” (e.q9., bed size, occuancy rates, educational programs,

rscape of technological facilities) "had little predictive effect on,

cost per case" when used in conjunction with neasures of case-mix com-

-

plexity (Schumacher et al., 1979, p. 1047).
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As indicated by the review of the preceding literature, both proxy

and diagnostic-specific, aggregate‘ measures of éase-mix have been
effective in identifying differences in the output of hospitals and in
accoenting for variances in the use of resources across these hospi-
tals. Nonetheless, Klastorin and Watts (1980) expressed concerns
regarding the validity of such approaches, which‘are of relevance %o
this study. In assessing the construction of scalar measurements of
case-mix proportions, Klastorin and Watts (1980) questioned the valid-
ity of assuming that different diagnostic categories can be weighted in
‘an additive form and the appropriateness of using- linear mathematical
functions for aggregating the vector répresenting case-mix proportions.
These investigators then queried whether or not the relationship among
the elements of these aggregation indices was sufficient]y‘ similar
acrﬁss all units (e.g., hospitals or time periods) to justify using the
same aggreqation procedures for each hospital (1980, p. 679). Use of
Q-type factor analysis to test for linear functional homogeneity with
respect to resource use cast “doubt on the existence of a single set of
émpirical]y derived weights that would be valid for the construction of
a linear index over\an entire hospital population suitable for evalu-
afing the appropriateness of variable hospital resource consumption
rates" (Klastorin & wWatts, 1980, p. 685). In response to the concerns
identified by Klastorin and Watts (1980), hospital classification
studies based on a multivariate -approach have been conducted as an
alternative to determining differences in hospital output Dy ascer-

taining the existence of functional homogeneity within different hospi-

tal popu]ations.
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Approaches to Hospital Classification. Hospital classification

methodologies have been developed on the premise that the determination

of resource allocation and the evaluation of efficiencies in the use of

these resources, for different hospitals, are valid only insofar as

comparisions are made among hospitals producing a similar output: in
other words, serving a similar case-mix (Bay, Nestman & Leatt, 1981).
Preliminary work in hospital classification focused on the use of proxy
measures of hospital output as determined by differences in the number
of services {(e.g., laboratory, X-ray, paediatrics, intensive care,
associated with a hospital. Using the total number of services provided
by a hQspita;;kCarr and Feldstein, 1967) or the asses%ment of the dif-
ferent patterns of acquisition of these services (Berry, 1973; Edwards,

Miller & Schumacher, 1972) as the basis for establishing homogeneous

.categories, a relatively consistent pattern of hospital groupings

emerged. Analysis revealed that high levels of internal homogeneity
existed among hospitals for each service category in terms of general
operating characteristics (e.3., length of stay, number of beds, occu-
pancy rates, cost per patient day). The resulting categories approxi-
mated a continuum of acute case hospitals ranging from a large number
of "basic service" hospitals, with the lowest values relative to the
preceding characteristics, »ta a small number of "community. service"
hospitals, yielding the highest values (Berry, 1973; Carr and Feld-
stein, 1967). Further analyses indicated that® average costs per pat-
fent day increases proportionately with the scope of services in hospi-
tals (Carr and Feldstein, 1967, p. 160; Edwards et al.,. 1972, p 309).
In assessing these results with respect to determining the most cost

efficient hospital size, Berry (1973 & 1974) concluded that:
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\ “A more fundamental question is what is the optimal mix of
complexities of sgope of services, or what is the optimal mix

of types of hospitals.” (1973, p. 12).

The results of studies which employed more comprehensive proxy
measures of hospital output, in conjunction with the use of clustering
a]gorithr.ns,. su‘pported the findings of the preliminary hospital classi-
fiéa‘tion studies {Lange & Contandriopoulos, il?Bl; Phillips & Iygr‘,
1975). Although.the type of hospital population an‘c,l nethodologies
varied substantially, the results indicated a relatively consistent
configuration of homogeneous groups of hospitals. Trivedi (1978, pp.
262-263) described the resulting clusters of hospitals as ranging from
d"primary" type hospitals characterized by their relative frequency,
rural location and predominance of generé] practitioners on -staff,
through “secondary” type hospital groups, to “tertiary" type hospital
groups which were few in number and were primarily laryge, weRropolitan,
teaching hospit;.a1s with a preponderance of gub’speczia”!ty physicians on
staff. Significant costs and length of stay differences among the

various groups of hospitals iwere noted (Trivedi, 1978).

Developments in the measurement of hospital output using diagnos-
tic specific aggr:egatres and the evolution of computerized analytic
procedures encouraged further refinements in hospital classification
methodologies. Preliminary work in this area was performed by Lave and
Lave (1971) who compared the relationship between hospital characteris-
tics (e.g., number of beds, teaching status, scope of services) and
diagnostic specH*ic measures of output (aggregated according to the 17
broad DA categorigs) in investigating role differentiation among hos-

pitals. Lave and Lave (1971, pp. 36-38) concluded that: 1) case-mix



varies sigﬁificantly across hospitals; 2) a small group of common
diseases account for a large proportion of total inpatient days; 3)
the case-mix of a specific hospital is relatively stable over time; 4)
hospital characteristics .(proxy measures of output) were deemed in-
appropriate surrogates for .approximating case-mix variations; and 5)
some/hospitals treated proportionately more common cases than others,
although most hospitals treated at least a portion of all disease
types. It was proposed that a definite pattern of role differentiation
existed with the more common wedical and surgical cases being concen-
trated in small, non-teaching, rural hospitals; the concentration of
more complex cases (as equated with costs based on Blue Cross rein-
bursement criteria) appeared to coincide with the increasing number of
beds, scope of services, and teaching capabj1ities of the hospitals.

Similar patterns of role differentiation amony some Canadian hospitals

diagnostic-specific PAS patient discharge data (Bay et al., 1981, Clea-
ver, 1979) and a combination of diagnostic specific PAS data and proxy
imneasures of hospital output (Lance and Contandriopoulos, 1981).

An ecological approach, which is dependent on the use of a region-
alization model, is the last approach to classifying hospitals ?evieued
in this study. This model is based on the premise that a large geogra-
phic area can be subdivided into health care regions according to trad-
itional utilization patterns {Lusk, 1975; World Health Organization,
1980, pp. 3-5). Within these regions, health care institutions are
conceptualized as corresponding-to a functionally diFFerentiaﬁed hier=
archy of'facilities serving the varying health needs of the regional

popul ations (McNerney & Riedel, 1962, p. 4). This model is designed to



ensure economically efficient volumes of production and cptima\iuse'cf
resources by distritfuting commonly :needed services throughout the
regions and centralizing specialized services (Fink1e§; 1979a, p. 264;
Roemer, 1979, p. 32). Recognition of the functional overlap across
different groupings of hospitals i5s a unique characteristic of this
hospital classification methodology. Health care decision makers are
gradua1iy acknowledging the utility of regionalization as a framework
for assessing many of the current problems (such as rapidly evolving,
costly technology, demands for accessibility, and cost containment)
;ffecting the health care system {Roemer, 1972, World Health
Organization, 1980).

Although the perspective differs, the general form of the ecolog-
ical Appraach to classifying hospitals 1is relatively consistent.
Roemér (1979) 0ut1ined an ecologically derived "pyramidal" model for
depicting the functional differentials existing among hospitals in one
region. Three specific groups of hospitals, varying in their scope of
service, size, d1stributfon, and prevalence, were identified including:
1) several small (50-100 bed) hospitals, To:ated close to the various
concentrations of people throughout the region and capable of treating
cormmon health needs (e.g., minor injuries, nérma1 childbirth, common
5nfections); 2) a smaller number of fintermediate hospitals (100-300
beds), more centrally located in order to serve the populations of sub-
regions already served by several smaller hospitals, and capable of
_treéting more difficult cases (e.g., serious injuries, infectians,
abdominal surgery); and 3) a centrally located, larye regional edical
centre (500-1000 beds), associated with a medical school, participating

in research, and providing a full range of highly specialized services
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for the treatment of the most complex illnesses (e.g3., cardiac and
brain surgery, cancer treatment). Roemer (1979) noted that the inter-
mediate and central referral hospitals would retain a proportion of
'beds to serve the lower level needs of the regional population living
in close proximity to these hospitéls. A similar conceptual model for
grouping the health needs of a regional population and the specific
types of facilities associated with each ‘level - “primary, SEEDﬁdarQ
.and tertiary" - was presented by Blum (1976, p. 92). Blum posited that
the average cost per unit of service escalates as a patient moves from
primary to the secondary ievel, and peaks in tertiary level facilities.
Schultz (1970) developed a conceptual planning model for grouping
health facilities that reflects the basic dimensions of the previous
models; he postulated that patients are willing to travel further to
receive more complex levels of care due to the inverse relationship
between net social benefit (benef#ts minus costs) and opportunity costs
(e.g., travel time, travel costs), and the unigue nature gf-iiiness.
Basic to the use of an ecological framework for classifying hospi-
tals is the implicit, although unstated tenet, that in response to con-
textual variables (i.e., the balancing of cost containment against pub-
1ic demands for accessibility) a natural pattern of functional differ-
entiation among hospitals evolves. This pattern of functional differ-
entiation corresponds to the three tier, successively inclusive groups
of hospitals pkoposed. Empirical vé]idaticn of this assémpticn and the
precise nature of ﬁhe resulting hospital categories has been limited.
In an early, innovative étudy, Mountin, Pennell, aﬂd Hoge (1945)
developed an integrated hospital system subdivided into regional ser-

vice areas as a background for evaluating the distribution of health
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facilities in many U.S. states. The system for each state was evolved
through the subjective designation (based on the trade centre concept)
of selected cities as "primary hospital centers” which were seen as
serving the high level referral needs of populations in surrounding
counties. Depending on the sophistication of services available, hos-.
pitals in other counties were then denoted as “secondary" or “isolated"
centres. Mountin, et al., \Ei’éfthé first researchers to enunciate the
standard of 4.5 hospital beds per 1000 persons. 0Of these 4.5 beds,
they proposed that 2.5 beds per 1000 persons be maintained in “isolated
hospital centers", and the remaining hospital beds be allocated to
"secondary centers" and "primary centers" to serve the referral needs
of these sub—pcgﬂations, It was determined that 'a "primary hospital
center" should have .5 extra beds per 1000 population for all counties
comprising the region in order to meet the high level referral needs.

A modified ecological approach to clustering 123 Chicago hospitals
vas employed by Morrill and Earickson (1958) in an effort to account
for differences in patient travel distances associated with each facil-
ity. Using factor analysis, 99 variables were reduced to nine indepen-
dent measures of hospitals. Three of these dimensions were related to
such ecological determinants as the demographic and spatial character-
istics of its service area and accounted for 28% of the variance. When
the hospitals were <classified according to these dimensions, several
groups of hospitals were formed and each group was characterized by
different utilization patterns.

A single empirical study was located by the investigator that
employed an ecological approach to grouping hospitals. Sharp and

McCarthy (1971) classified hospitals fnto three groups - “local, sub-



regional, and regional® - according to their reTative ability to . at-
tract patients. Although the functional overlap of these three classes
of hospitals was alluded to by Sharp and McCarthy (1971), investigation
of the degree of overlap (i.e., the proportion of hospital beds in sub-
regional and regional hospitals dedicated to providing lower level ser-
vices), which is a significant dimension of the ecological approach to
categorizing hospitals, was not pursued.

The foregoing review of the literature related to hospital classi-
fication research illustrates that a relatively consistent pattern of
functional differentiation appears to exist among acute care hospitals
which is linked to variations in resource requirements. The evolution
of hospital classification methodologies has closely paralleled devel -
opments in the measureuents of hospital outputs. Difficulties in def-
ining the nature of the product supplied by hospiia]s has constrained
the development of these classification methodologies.

2.2.4 Summary

An overview of the major approaches to classPfication methodolo-

gies in the health care system was provided, not only’to place this -

classification study in perspective, but also to clarify sohe of the

concepts used in the methodology. The major points related to the use

of classification methodologies in the health care system are noted.

1) The value of classification methodologies in health care is direc-
tly related to their usefulness in condensing large amounts of
data into relevant, manageable sources of information essential
for the successful administration of such a complex system.

2)  Within the context of the health care system, the grouping of pat-

jients according to common disease etiologies - Disease Classifi-

45



4)

6)

2.3

cation - is the most well-established and‘widely used classifi-

cation system; it provides an objective approach to estimating the

similarity of care needs and resource usé aCross différent patient

populations. However, this approach has limitations in dealing
with chronic diseases or degenerative conditions since etiology

alone is usually insufficient to prescribe care requirements.

' patient classification methodolbgies are divided into two approa-

ches: 1) classification of patients by "Types of Care" (inter
program or facility), and 2) classification of patients by "Lev-
els of Care" (intra program or facility). Both approaches are im-
portant components of the conceptual base for this study.

Various measures of hospital output have been developed ranging
from single proxy measures to compkex diagnostic-age-sex specific,
aggregate measures of case-mix severity. V
Investigation of the relationship between various measures of hos-
pital output'and costs generally support the proposition that a
continuum of acute care hospital groups exists, ranging from pri-
mary care hospitals which treat common illnesses with a relatively
low per unit cost, through secondary hDSpité]S, to the other ext-
reme of a few, large, technologically complex, tertiary care hos-
pitals which have the highest per unit costs.

Advocates ~of the ecological approqch to hospital classification
maintain that a pattern of functional differentiation exists when
hospitals are classified according to differences in outputs.

Patient-Origin-Destination Research

The importance of assessing the output of the health care system

in relation to the consumption patterns of its service population (mar-
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ket) are widely acknowledged. Three different approaches to estab-
lishing a service base for assessing health care production - consump-
tion relationships have evolved: 1) optimal/normative; 2) adiinis-
trative; and 3) ecological/empirical (Shonick, 1976, p. 62, Taliaferro
& Rermers, 1972, p. 337). Using the normative approach, the boundaries
of the service area (market) are prescribed by the resear:ﬁer/p1anner
with the objective of optimizing health care delivery in relationship
to some predetermined criteria, With the second approach, adninistrat-
jvely created service bases are arbitrarily defined to correspond to
pre-existing political boundaries, thus emphasizing administrative
expediency without ‘regard to the health care phenonena under consider-
ation. The third alternative, the ecological approach, involves the
use of actual consumer origin-destination flow patterns in assessing
utilization. Basic to the optimization and administrative approaches
is the delineation of the geographic component of the service base,
which is then used. to identify the relevant aspects of tﬁe associated
popul a.t\un conversely with the ecological approach the service base is
outlined \and then the associated geographic area is derived.

The health care sector in most industrialized countries is charac-
terized by freedom of patient choice; this allows patients and physic-
jans to transcent administratively convenient geographic boundaries and

to establish utilization patterns based on individually defined crit-

eria, which may differ widely from optimal criteria established at the

- agyregate level. Therefore, patient origin-destination methodologies

appear to offer the greatest potential for establishing a frawework to

analyse health care consumption behaviour. Raasok (1979) conducted an

extensive review of patient origin-destination studies as a basis for



assessing nursing home utilization patterns im Alberta. As identified
by Raasok (1979, p. 34) and others (Griffith & Adellman, 1979, p. 295;
schonick. 1976, p. 65; Studnicki, 1975a, p. 14), research based ‘on
patient origin-destination methodologies can provide insight into three
different aspects of health care utilization: 1) analysis of utiliza-
tion patterns; 2) delineation of institutiaﬁ-5§eéific or area-wide
service populations and service areas for planning purposes; and 3)
determination of efficiency and effectiveness in the allocation of
resources for area-wide control and planning.

2.3.1 Analysis of Health Care Utilization Patterns

Spatial analyses of patients’ care-%eeking behaviours have provi-
ded empirical data vhich tend to substantiate the existence of a funct-
jonally differentiated network of institutions in thihea’lth care
system that are associated with different patient utilizatiom patterns.
As well, the aspects of travel time and travel distance have been
repeatedly identified as intervening variables which have a sigqnificant
impact on patient utilization behaviours.

In a semina1bstudy of health care utilization patterns undertaken
in 1945, Ciocco and Altenderter (1945) employed a patient origin-desti-
nation methodology to determine the interdependence relationships among
several counties with regard to the provision of medical services. The
degree of dependency of one locality upon the medical services of ‘an-
other area was assumed to be a function of the flow of patients. Two
ratios were developed to quantify these flows using birth statistics.
The analysis revealed that approximately igi of the counties functioned
as centers of medical care for 66% of the other counties; the remaining

centres exhibited both inward and outward flows which caﬁfouﬁded their
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destination as either -"centres" or "dependent" counties. However,
these results were limited b; the fact that researchers analysed only
obstetrical services.

Other researchers have assessed health care utilization patterns
using patfent origin-destination data. As indicated previously, Morr-
111 and Earickson (1968) used patient origin-destination data to group
hospitals and to study related utilization éeha;iaurs as a function of
~ distance. Morrill and Earickson (1968, pp. 26-34) concluded that:

- These distance relations demonstrate a meaningful, consist-

ent, and significant behaviour. They support the notion of a

hierarchical spatial structure of hospital distribution in

the Chicago area. The distance relationships described were

so homogeneous within a hospital type, and so consistently

different between groups, that such findings can be safely

incorporated into models of hospital use.

A simplified cross-tabulation analysis of patient origin-destina-
tion data for hospitals in a primar?y rural area (Sharp and McCarthy,
1971) showed a relationship between the=c%ﬁcept of hierarchical differ-
entiation among hospitals (Morrill & Earickson, 1968) and the geograph-
ically based concept of medical service interdependence (Ciocco &
Altenderter, 1945). Based on the “radial mileage distance" travelled
by the patients and the general "ebb and flow" of patients, three cate-
gories of geographic regions were identified: 1) regions demonstra-
ting a net importation of patients; 2) regions experiencing a balance
between the import and export; and 3) regions yielding a net export of
patients to other regions. The results indicated that the "import”
regions were dominated by the presence of "regional” hospital centres
which attracted paéients from thrcughoutAthe immediate reyion and other
surrounding regions. “Export regions" were characterized by the pres-
ence of "local® hospitals which catered to the less complex health
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needs of the local population. Travel distances appeared to be direct-
ly related to utilization patterns, in that patients who travelled lon-
ger distances tended to have significantly longer IEngths’af stay when
hospitalized. . ,

Elaimy (1969) investigated the relationship between patient utili-
zation patterns and the functional nature of hospitals by assessing
case-mix complexity, the technical sophistication of hospitals, and
patient travel distances/times. Significant positive correlations were
obtainedl for measures of patients' case-mix conplexity, the technical
adequacy scores of the admitéiﬁg hospitals, and the corresponding pat-
ient travel distances/times. Shonick (1976, p. 71) notes that the
ET;imy (1969) study supports the proposition "that a gDQd deal of self-
regul ated regional ization, regarding the matching of case severity to
- hospital sophistication, already exists in the natural referral pat-
terns of physicians and in choices made by patients.”

Efforts have been made to easure the degree of regionalization
which is apparent in the care-seeking behaviours of patients. Gordon,
Weldon, and Maclean (1974) reported that utilization patterns for gen-
eral hospitals in Nova Scotia between 1967 and 1972 showed that there
was an increasiﬁg.tendencj for the seven health care "regions* to rely
on the teaching héspita1 in the “referral region" for thé provision of
inpatient services to their respective popuiatioﬂs; In addition, "out
of region" patients admitted to the “referral region" hospitals had
consistently longer ALOS in compartson to patients hospitalized within
their region of origin, which the authors atttributed to the possibil-

itg'that more seriously i1l cases were being referred (Gordon, Weldon &

MaclLean, 1974, pp. 51-52). It was determined that approximately 80% of



all residents obtained hospital services within their region of origin
(MaclLean, weldon, & Gordon, 1974, p. 193). In order to quantify the
degree of regionalization occurring, MacLean et al., (1974) and Maclean
and Weldon (1977) developed a “"self-sufficiency index". This index was
intended as a ieasure of the inter-regional flows associated with pat-
ients using hospitals outside their area of origin.

While the tendency for patients to minimize distance in seeking
care has been recognized, Shannon, Bashshur, and Metzner (1969) found
that travel time, especially in urban areas, is a more significant mea-
sure of the accessibility associated with utilization than travel dis-
tance.  Marninson (1964) demonstrated the effectiveness of using a
“time circle", instead of the usual distance circle, to r;present dif-
ferences in patients' accessibility to health care associated with the
construction of new transportation routes. Similar results were ident-
ified in oth;; origin-destination based studies (Drosness, Reed, Lubin,
1965; Lubin, Drosness & Wylie, 1965). These results were collaborated
in a subsequent study by Drosness & Lubin (1966).

In addition to illustrating the relationships among patients' care
seeking behaviours, functional differentiation across haspitals and
travel distances/time implicqtions. patient origin-destination method-
ologies have been used to investigate the influences of other context-
ual variables on utilization. In a comprehensive assessment of factors
affecting obstetrical utilization in urban areas, Studnicki (1975b)
found that, while distance minimfzation factors were operative, other
orgenizationa] variables (i.e.,-locatfon of physicians, hospital admis-
'sioﬁ privileges, the relative 1mportan§e of obstetrical services to the

hospital) and. ethnic characteristics of‘}he patients also affected



utilization patterns. Investigation of changing organizational prac-
tices was the focus of a study by Zuckerman (1977) who analysed rele-

vant changes in hospital utilization patterns in response to an increa-
&

sed emphasis on outpatient services and the implementation of new

funding policies. In an innovative patient origin-destination study of
nursing home-utilization patterns, Raasok (1979) indicated that organi-
zational characteristics (i.e., type of ownership, size, accreditation

status) appeared to influence utilization patterns and that demographic

characteristics (e.g. sex, marital status) varied between geographi- -

cally differentiated (urban vs. rural) user sub-populations. !

Sacio-ecoqomic factors affecting care-seeking behaviours have also
beerr the focus of some patient origin studies. Bosanac, Parkinson, and
Hall (1976) determined that “inaccessible populations" (located outside
a 30 minute travel time criterion) were characterized by socio-
demographic attributes which were aiong the key correlates of high
health care utilization. Other selected examples include the study by
Miner, Greene, Salber, and Scheffler (1978) concerning the influence of
racial origin, level of income, waiting time, and travel times on . util-
jzation of medical services by rural inhabitants, and a study by Bash-
shur, Shanﬁon and Métzner (1971) regarding the influence that socio-
economic variables (e.g., race, education, income) and spacial vari-
ables (i.e., office location) have on the selection of hospitals,
physicians, and dentists.

Analysis of the preceding literature reveals that two predominant
factors influence patient utilization behaviour: 1) the tendency to-

wards distance minimization (measured by actual distance or travel

time, and 2) the tendency for utilization patterns to correspond to a
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regiona]iied concept of functional differentiation across -hospitgls.
With the possible exception of the Elaimy study, it is apparent that
investigation and quantification of this unique relationship have been
limited. Further analyses of this area may prove usefyl in determining
resource allocation by levels of care for acute care hospité]s.

2.3.2 Delineation of Service Areas and Service Populations

A\l

Implicit in the mandate of any service organization is the respon-

sibility to meet the needs of its "constituency". Evalyation of the
efficiency and effectiveness with which an organization fulfills this
responsibility is directly related tQ a clear delineation of the nature
of its respective constiguency. On a conceptual level, it is generally
accepted that the constituency of a health care faéility is comprised
of two related but different components: 1) the geograpﬁica]ly based
"service area", and 2) ’the demographically derived "service popula-
tion" (Griffith, 1978, p. 16; MacStravic, 1978, p. 31). Patient
o}igin-de;lination methodologies have been extensively used by resear-
chers in operationally defining the service area and service .population
components.

The Poland-Lembcke study (1962) wasx the earliest, significant
_ study tb enpiriéally défine hospital service areas by incorporating
actual utilization patterns (based on patient or%gin-destinatipn data)
(Griffith,11972. pp. 68-79; Shonick, 1976, pp. 65-67). The methodblogy
applied the Qntested normative assumption that, in adapting to existing
ecologﬁca] variables, the provision4%f hospital services in the study

“area followed a regional hierarchical approach; within this context,

Poland and Lembcke perceived a hospital service area as being:
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a distinctly defined geographic area containing one or more

hospitals that supply most of the hospital care needs of its

inhabitants. The shape of such a district is decided by its
size and drawing power in relation to the surrounding hospi-

tals. (Shonick, 1976, p. 66)

Using patients' postal addresses obtained from hospital records,
Poland and Lembcke (1962) amalgamated townships to form equal-likeli-
hood service areas such that the bQUﬁdarr‘i_ES corresponded to those
points at which there was an equal probability that patients would seek
care at a specific hospital as opposed to travelling to all other in-
stitutions. Analysis of patient flows within the resulting service
areas indicated that the “technical sophistication" of a hospital was
directly related to its ability to draw patients over. longer distances.
Also, those patients with more complex diseases tended to travel fur-
ther for hospital services. In response to these results, Poland and
Lembcke (1962) concluded that patient utilization data provides the
means for meas&r—ing the degree of regiopalization -in the provision of
health services.

In contrast to the rmulti-hospital, area-wide perspective of the
preceding study, subsequent researchers have tended to emphasize the
delineation of service areas from the individual hospital's perspec-
tive: commonly referred to as defining a has'pita"l‘s catchment area
(Shonick, 1976, p. 68). Using -this approach, Meade (1974) delineated
individual hospital service areas based on techniques similar tc:' the
Poland-Lembcke study. Patient origin-destination data wer—é coded by
patients' zip code addresses. Separate hospital service areas were
then formed by clustering those zip code areas from which at 1eas£ 60%

of the respective populations requiring hospital services attended a

similar hospital. Although the service areas thus constructed varied



significantly in size and shape, the results confirmed that over 75% of
the study population was served in the nearest hospital. Relative
-long-term stabiligy in the size and form of ‘rural hospital service
areas was substantiated by Meade (1976) when the study was repeated

using the same population.

Other researchers have been preoccupied with the difficulties in .

Cardwell (1964) attempted to rationalize the planning for Metropolitan
Chicago by dividing the city into census tracts and then amalgamating
those census tracts with similar utilization patterns into larger hos-
pital service areas. Oroness, Reed and Lubin (1965) developed a campu-
ter based spatial representation of hospital service areas which depic-
ted the admissions to each urban hospital as a percentage of total
admissions to all hospitals from each census tract. Similarly, Morrill
and Earickson (1968) and Studnicki (1977 integrated census tract. data
and patient origin-destination data to establish service areas for
specific hospitals in densely popu1atéd'urban areas. Results from many
of these studies demonstrated the existence of overlapping service
areas with ywide variations in size and form. In urban settings these
service areas were not always congruent with the minimization of travel
distance/time. This difficulty in defining a hospital's service area
in urban settings was related to the increased mobility and eclectic
preferences of consumers in urban areas where there is a preponderance
of different huspita1s‘(eriffith, 1972, p. 82;  Zimmerman, 1975, ﬁpi
46-48). :

The aforementioned researchers used patient criginédestiﬁatian

data to delineate hospital service areas with the implicit assumption



that the geographic boundaries of the hospital service areas were the
optimal basis for identifying the se:énd component of the service con-
stituency, the service population. Cognizant of the weaknesses in this
“all of nothing" approach, other researchers employed patient utiliza-
tion data to develop an alternative approach to determining service
populations which need not be defined within the context of a -corrés-
ponding hospital service area.

Griffith (1972) pioneered this research in response to observed
weaknesses in the "equal-1ikelihood" approach to determining hospital
service populations of Poland and Lembcke. Griffith (1972) criticized
the inflexibility of the equal-likelihood methodology in that:

the procedure appféximates by a dichotomous decision (in the

service area or out) what is actually a ruch more fluid rea-

lity, a continually decreasing tendency to use ‘a given hospi-

tal as the distance from it grows. (p. 75)

He noted that this methodology was particularly remiss in accounting
for two particular types of service papﬁiatians: 15 the secondary
referral populations in rural areas, and 2) the diffuse utilization
patterns of densely populated urban areas (Griffith, 1972, p. 74). To
overcome these limitations, Griffith (1972) developed the relevance and
commitment indices for identifying hospital service pQPulations! The

re1evaﬁce index (R.I.) was defined aé the percentage of tota]ipatients
from .a selected small area admitted to each of the study ;Qspita1s
(Griffits, 1972, p. 76) or the perﬁeﬁtagé tendency of residents to use
a particular hospital. Griffith, therefore, proposed that it was poss-
ible to obtain a graphic illustration D; a hospital's service area.
The second index, the commitment index (C.[.), was defined as the per-

centage of total admissions to a particular hospital which originate



from each small area under study (Griffith, 1972, p. 76) or as a mea-
sure of the tendency of a study 'hospital to serve, di%ferent small
areas.

It appears that the service constituency concept may have utility
in this study as a means of grouping hospital districts based on simi];
arities in patient utilizatfon patterns. Delineation of small area
resource consumption rates as a basis for control and planning is a
related aspect of this concept that is presented in the subsequent
section.

2.3.3 Analysis of Resource Utilization for Control and Planning

Insofar as comprehensive, valid measures of the health needs of
patients and the outputs of hospitals have been unavailable, assessment
-of the equitable distribution and efficient use of resources has been
constrained. As a result, researchers have substituted analyses of,
differences in resource use across. comparable populations, based on

patient origin-destination data. The utility of this approach lies

with the division of the region under study into service constituten-

cies which are small enough that significant variations in utilization-
resource allocation patterns and interactions are evident, and yet
1afge enough to provide valid and stable measures of these int;ractions
(Shannon et al., 1969, p. 144; Struening, 1974, p. 510; Wennberg &
Gittelsohn, 1973, p. 1102). ' |
Traditionally ratios, such as the number of hospital beds/1000
persons and costs per patient day, were calculated for a large region
and used ;s average standards for assessing resburce allocation and

performance. Implicit in the use of such ratios for planning and con-

trol purposes is the assumption that "all hospitél beds are homogeneous
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with respect to the associated services provided and that all segments
of the papulation are homogeneous with respect to the services neédedﬁ//ff—
(Cardwell, 1964, p. 108). Furthermore, the application of these ratios
to a large geographic area without adjusting for unigue sub-regional,
demographic variations, and inter-regional patient flow patterns com-
promises the validity of these ueasures (Joffe, 1979, p. 350). Ciocco
and Altenderter (1945) recognized the significance of these limitations
some years ago:

To obtain a correct picture of the medical resources avail-

able to a community, certain developments must be made in the

statistics of both the population and the medical facilities

of the community. If the facilities of a community are util-

ized by persons in surrounding places, the population and

facilities of these locations should be grouped with those of

the original communities before ratios of the facilities to

population are computed. (p. ©73)
Wennberg and Gittelsohn (1973), in attempting to overcome these limita-
tions, undertook a ¢lassic study of small area variations in resource
consumption. Wennberg and Gittelsohn (1973) found that “there are wide
variations in resource input, utilization of services, and expenditures
among neighbouring communities" which are not initially apparent when
assessed from an aggregate regional perspective (p. 1007). Their meth-
odology made allowance for factors such as: patient mobi]ity. physi-
cian referral patterns, patient preferences, and regionalized referral

services. Subsequent research by Wennberg (1979) and Joffe (1979) sup-

ported the findings of Wennberg and Gittelsohn (1973). The wide varia-

-t

tions in utilization indigdte considérable uncertainty and lack of con-
census about the effecfiveness of di?ffﬁénﬁ types and amounts of health

«
services, and th the provision of hospital services often appears
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unrelated to the needs of the residents (Joffe; 1979; Wennberg, 1979,
Wennbgrg & Gittelsohn, 1973).

Griffith (1978) expanded the commitment and relevance indices
methodology for defining service populations into a canprehensive eval-
uation framework designed to investigate small area discrepancies in
resource utilization. Within this framework, the R.I. is employed to
delineate hospitals' service populations. Next, variation in the allo-
cation/consumption of hospital resources are determined on a per cépita
basis. Griffith (1978, p. 17) determined that increased specificity in
the application of this framework was feasible by developing R.I.s and
service populations for all inpatieét areas (e.g., obstetrics, paedia-
trics, surgery). This framework relies heavily on age-sex-specific
'popﬁ1ation data, particularly in regard to children (0-14 years),
females (15-44 years), and the yeneral population (15-44, 45-64, 75+
years); age-sex associated variations in utilization patterns may then
be assessed in relation to age-sex adjusted service populations (Grif-
'fith, 1978, p. 17; 1972, pp. 94-95). To enhance the utility of this
framework for planning, Griffith (1978, pp. 18-21) advocated that hos-
pitals which have overlapping population bases (as reflected by the
respective R.I.s) be clustered for purposes of collaborative decision
making. Extreme variations in per capita rates of mortality, morbid-
ity, and resource allocation could then be used as a measure for exam-
ining quality of care. Griffith (1978, p. 14) noted that the utility
of this framework was compromised by its failure to account for vari-
ances in case-mix severity/complexity and the associated cost differ-

ences across study hospitals.
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Other researchers (Bay & Nestman, 1980 & 1982) extended the appli-
cation of Griffith's (1972) relevance and commitment i%dices rmethodol-
ogy in order to derive a model for measuring resource consumption on a
per capita basis that closely parallels Griffith's (1978) framework.
Bay and Nestman (1980} in testing their model identified thag if these
1nd1ées are used in determining resource allocation, the following two
assumptions must be made: 1) homogeneity exists in the amount of hos-

pital resources used/allocated per patient for all the hospitals ser-

ving one region, and 2] homogeneity exists in the number of patients

treated per unit of hospital resources used for all districts served by
one hospital. The existence of functional differentiation among hospi-
tals and selective referral patterns by physicians could invalidate
these assumptions since the proportions of patients requiring diffe%ent
lTevels of care wight then vary amony hospitals (Bay & Nestman, 1980).
When the model was applied to utilization data for Alberta hospitals, a
high rank correlation (.8) was achieved for estimates of resource con-
sumption using the two different measures (Bay & Nestman; 1§80)g How-
ever, in comparing resource consumption rates, it was noted that:
Resource consumption or “allocated rates vary more among hos-
pitals than among districts, perhaps due to effects of the

referral system and types of services offered. (Bay & Nest-
man, 1980, p. 693).

Comprehensive planning proposals based on the detailed assessment

of requirements for specific hospital services or different "levels of

care” have been strongly recommended, as opposed to using:genera1 pl an-

ning objectives such as beds/1000 persons (Berry, 1974, Florida TasE On

Institutional Needs, 1978, p. 15). Small area analyses of resource

consumption, using patient Qrigin-desﬁinaticn methodologies, have
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resource consumption. Nonethe1ess,‘ensicn of these methodologies as
a basis for planning equitable distribution and efficient use of
resources has not been widely discussed in the literature.

Anderson and Wertz (1977), in an innovative study, employed utili-
zation data to determine.the -appropriate number of beds for a new sub-
speciality paediatric hospital desigﬁated to meet the tertiary care
requirements of British Columbia residents. This study was unique in

that two distinct service populations were identified: 1) the "refer-

ral population", defined as a population so distant from the tertiary

referral centre (Vancouver) that it was "unlikely to seek non-referred
or secondary referra]gcare,From the institutions 1in the tertiary care
centre", and 2) the remaining population, in close proximity to the
tertiary referral centre, was called the "urban" population (1977, p.
408). Disease specific utilization rates, were calculated for all
patients originating in the referral service redpion; the proportions of
total cases for each diagﬁéstic rubric which required hospitalization
in the referral centre were then determined. These utilization ratas
were considered to be indicative of the actual requirements for tert-
iary paediatric services and were subsequently ,appjieﬂx to hospitéi
uti1izat16n da;a for urban patients with similar diseases in order to
determine. the "fréquency of tertiary referrals" in the urban service
populat;on. As a result, current and future paediatric tértiary caré
bed requirements ;aere projected for the entire province. Anderson and
Wertz (1977) estimated that approximately 12-14% of the beds should be
allocated to tertiary care. Although this latter study deals only with

requirements for tertiary levels of care, the approach used would
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appear to have relevance in designing a methodology for determining the
" percentage of primary, secondary, and tertiary level hospital beds that

are currently being used in Alberta.

2.3.4 Summary -
[t would appear that an analytic approach based on patient origin-
destination mgthadalagigs may be of value iniggtg%aining'the;numbgrl
percentage of hospitals beds in Alberta related to the provision of
primary, secondary, and tertiary level services. Specifically, patient
origindestination nethodologies may be useful in investigating the
following areas: _

1) Assessment of the general pattern of patient utilization in order
to determine if a current ecological utilization pattern exists.

2) By employing the R.I. and/or C.I. based approach to determiniﬁg

* service areas, it may be feasible to group hospitals and service
regions according to similarities in ‘Eatient utilization pat-
terns,

3) Patient origin-destination methodoloyies may serve as a basis for
measuring the differences in patient flow across these service
regions related to the provision of primary, secondary and tert-
iary, care beds in hGSpitalsQ

'Y
2.4 Relevant Alberta Based Research

Alberta health care system, concerning hospital classification and pat-
ient utilization patterns, and hospital operating costs, which are par-

ticularly relevant to the develaopment of this study.



2.4.1 Classification of Alberta Hospitals

Bay, MNestman and Leatt (1981), in endeavouring to formulate aﬁ
equitable scheme for evaluating resource utilization for Alberta acute
care hospitals, investigated the feasibility of using clustering tech-
niques to classify hospitals according to the similarity of their case-
mix. Case-mix data were obtained from the PAS separation abstracts for
123 provincial hospitals in 1976. Although this study focused on the
c1ass{;1cation of hospitals as a single entity, the results obtained
indicate khat a high level of homogeneity exists across specific groups
of Alberta hospitals when analysed on the basis of diagnosticspecific
case-mix.

2.4.2 Utilization Ana]yses Using Patient Qrigip:@g;tiﬁ;tjgﬁ Studies

The Alberta Health Care System Study was undertaken in 1972 under

the auspices of the Alberta Hospital Services Commission (Patne,. 1975,
vol. 14, Paine & Wilson, 1974, pp. 63-76). The purpose of the study
was to compile a comprehensive data base on acute care hospital utili-
zation in Alberta for planning and performance 2va{uaticn¢ Based on an
assessment of patient origin-destination data (identified by census
’subdivisions). patient flow patterns associated with individual hospi-
tals were analysed in drder to determine: 1) .hospital catchment popu-
lations; 2) regional referral centres; 3) -larger geographic regions
associated with each regional centre; 4) imbalances (excess/deficit)
in hospital bed allocations per designated "geographic regicn"r(based
on 4.5 beds/1000 populatian); and 5) variances in hospital aper"at;iﬁg
costs associated with case-mix differences (categorized according to 11

broad H-ICDA groupings).
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Their analyses revealed the existence of six regional hospital
centres, naﬁneiyf Edmonton, Calgary, Grande Prairie, Red Deer, Leth-
bridge and Hedi‘é;ﬁ\e Hat which served over 90% of the patients living in
their iamediate gecg.r‘aphic: areas. The geographic boundaries of these
regional areas were established by amalgamating those census areas
centres. The case-mix analyses indicated that significant variations
Eﬁsted across hospitals in the percentage of case-mix distribution,
‘average length @f stay, and aver—age;ccst per case treated. C(Case-mix
éccaunted for 91.2% of the total varfiation in cost per case. A major
”Iimigatian was apparent in the methodology ‘uSEd by Paine (1975) in that
the geagr‘aphﬂ: unit of analysis anployed (di.e., the census subdivi-
sions) did not coincide with the hospital district boundaries. (Teix-
eira, 1975). Census suﬁdivisians'may encompass wore thah one hospital
while others do not contain a hospital. Thus, it is difficult to eval-
uate patient flow across individual hospital districts.

Bay and Nestman (1980) developed an alternative approach to del 1'ni
eating servicg areas a;d servige populations f'r;;r Aivberta hospitals.
This methodology, based on an extension of the R.I1. and C.I.s, was mod-
ified to establish a per capita measure of resource allocation. This
model delineated a hospital's sérvice population without direct rela-
tion to a specific geographic area. At the same time, patient ut*‘i’!i%
zation could be related to hospital districts, if required, for compar-
ative purposes. Results of this analysis indicated that iﬂte'rghgspitai
and inter-district resource consumption/allocation varied considerably
across the province. Comparative interpretation .cf these results was

Timited, since the methodology failed to account for variations fin



case-mix severity and referral patterns across hospitals and dist-
L*%
ricts. -

In assessing the studies by Paine (1975) and Bay et al., (1975),

Teixeira (1975) noted that the approach to defining service areas used

by Paine (1975) was mathematically equivalent %to the R.I. model en-
STGyEd-in the Bay et al., study: the respéﬂtfve outcomes, however,
were éignificanﬂy different. Teixeira's conclusions related to acute

care hﬂspit51 ytilization and the selection of an approriate geographic

unit of analysis:

The province should be divided into geographical areas such
that utilization data can still be broken down by area, and,
there is only one institution within the boundaries of each
area as far as possible. In the case of larger urban cen-.
tres, this would be impossible.

The nunber of geographic areas should be equal tQ or greater
than the nuuber of institutions in the province, where each
cluster of urban hospitals counts as one institution. (Teix-
eira, 1975, pp. 71-72). :

2.4.3 (Cost Functions in the Alberta Hospital System

An econometric study was conducted by Wallace (1975) to assess the

relationship between interhospital short-run average nursing adminis-

Alberta acute care hospitals in 1971. Hospitals were classified accor-
ding to bedsize based on the assumption that case-mix was similar for
each group. Ordinary Teast squéres regression ana];seslwere completed
for each group of hospitals. The results of Wallace's study were
inconclusive in that a consistent relationship beiween costs and hospi-

tal size was not obtained.-
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2.4.4 Summary

From this overview of Alberta research, it is apparent that hospi-
tals are differentiated by the nature of their service popul ations and
‘the diversity and complexity of their associated case-mix. In this
regard, patient origin-destination methodologies using hospital dist-
ricts as the geographic unit of analysis appear to provide the most
appropriate nmeans for in‘vestigating these variations in utilization
patterns.

]
2.5 Commnents and Conclusions

In considering. the preceding literature review related to the use
of utilization data, the following conclusions are advanced.

1) Given the abstract nature of health needs and the diverse, com-
plex, interactive factors which influence how these needs are man-
ifested, analysis of actual utﬂizétion patterns represents the
most objective, comprehensive, and realistic approach to -measuring
health needs and planning for the efficient use and equitable dis-
tribution of health resources.

2) As a result of the continuing escalation of health care costs
resulting from the proliferation of new,' sophisticated ’technol-
ogi;:s. efforts must be made to rationalize the allocation of re-
sources to provide maximum benefits to the greatest number of
people.

3) Analysis of hospital outputs has shown that hospitals do provide
different levels of services which are assoctated with differences
~in patient utilization patterns. '

4) - The predominant characteristic of patient utilization is the appa-

rent tendency for people %0 seek hospital services in close prox-
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imity to their residence, particularly in rural areas. The tend-
ency for patients to travel further for hospital services seems
ciaseiyr linked to the seriousness/uncormon nature of the ill-
nesses. Patient origin-destination studies have been used exten-
sively in the analysis of hospital utilization behaviour and have
tgndeﬁ to illustrate that a natural configuration of functional

differentiation exists among hospitals for a large study area in

variables (i.e., cost containment). As such, it would appear that
patient origin-dest®nation methodologies may be useful- in
‘measuring a hospital's resources (beds) which are dedicated to

providing different levels of services.
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CHAPTER III
DEVELOPMENT OF THE ANALYTIC FRAMEWORK
The main purpose of this study was to develop a methodology for
estimating area-wide and hospital-specific bed utilization rates by
three levels of care - primary, secondary, and tertiary based on Dﬁser;
ved care-seeking patterns. The study was divided into three phases:
1) development of the analytic framework;, 2) derivation of bed utili-
zation profiles by three levels of care (hereafter known as the Bed
Utilization by Levels of Care Profile or BULP)! for each acute care
hospital in Alberta; and 3) evaluation of the BULPs using operating
cost data. The methodalogy and results associated with each part are
presented in Chapter III, Chapter IV, and Chapter V respectively.
The analytiaﬂframewﬂrk for this study is delineated in Chapter III
under five sections pertéinfng to: 1) general research strategy; 2)
data sources; 3) geographic basis of analyses; 4) classification
of hospitals and districts; ahd 5) summary.

3.1 General Research Strateqy

Albeit a complex and difficult endeavour, an empirically validated
. ‘ -
* _methodology for classifying, by levels of care, those patients who are

hospitalized in acute care institutions within a large study area
(i.e., Province of Alberta) would provide valuable information for
evaluating hospital resource allocatians. Pre}Efabiyi the research
strateqy _for such a study would include a province-wide, cross-

i

section3l examination of all hospital patients. Systematic assessment

-

lror purposes of clarity and conciseness, commonly used terms and
concepts in this study were abbreviated. These abbreviations are
identified initially within the main text. Refer to Appendix A for a
comprehensive 1ist of these abbreviations.
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and classification of these patientsfb; an external panel of experts
would yield a comprehensive standardized data base. Ideally, an area-
wide patient classification system would be developed from this data
base that would provide a basis for comparing the quantity of health
care resources requi%ed by a particular hospital versus that required
by other hospitals. As a result, provincial statistics, in terms cf

the nuber of patients served in each level of care, would be available

for determining the allocation of future resources to hospitals in the

study area.

While preferable in terms of the comprehensiveness of the data
c011e¢ted, implementation of a prospective, province-wide, cross-
sectional patient survey is'Fraught with difficulties. Given the inex-
act gﬁiéﬁtiffc basis of mé§§c31 practice, the assessment/classification
judgment made by an expert panel would inevitably include a subjective
campchenti When the collection of data is dependent on a degree of
subjectivity, measurement problems are an inherent concern. Extensive

Togistical planning and a large financial commitment would be required

to implement such a study. These difficulties increase significantng

when the étudy population is 1located in 121 hospitals, scattered
throughout a large, geog%aphica?T; diverse area, such .as Alberta, that
is susceptible to seasonal and climatic variations. Modification of
the research design using probability sampling techniques would reduce
the costs. Nonetheless, even with these modifications, a cross-

sectional survey approach to classifying hospital patients by levels of

care was deemed beyond the scope of this thesis due to the complexity

of the research design puihe high costs, and the logistical difficul-

“ties.



In view of the aforementioned constraints, a more limited, explor-
atory, and descriptive research strategy was adopted. Based on an fin-
depth analysis of previously collected government data, two models
(denoted henceforth as Models A and B) were derived for estimating the
number and/ or proportion of beds in each hospital occupied by patients
requiring primary, secondary or tertiary level care (i.e., BULPs). To

develop these models, geographic variations in patients' care-seeking

patterns were measured'and associated with differences in the levels of

care provided by different hospitals.

.The study was restricted to an analysis of utilization *patterns
involving the entire population of Alberta residents seeking inpatient
services from all acute care hospitals in the province. The relation-
ship of this study (indicated with darker lines) within a broader con-
text is depicted diagramatica]ly'in Figure 1. A study of gecgraphic
variations in patient utilization patterns incorporates the direct im-
pact of supb1y and demand variables as well as the indirect influence
of political, social, technological, and envi%anmenFaI constraints. As
illustrated (the dotted lines in Figure 1) and prévicust discussed, a
comprehensive, patient-centered assessment is an alternative approach
to investigating the relationship between the aMocation of hospital
resdurces and patient utilization by levels of care.

The analytic sequence followed in this research study fis delin-
eated in Figure 2. Patient origin-destination models were used to
quantify patient flow patterns between hospitals and geographic areas.
Concurrently and in accordance with the ecology/regionatization app-

roach to #nalysing health care utilization, hospitals, and hospital

districts in Alberta were classified subjectively into three classes.
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depending on the highest level of care provided in the hospital or
available' in tge hospital district. These classifications were then
substantiated from an examination of utilization patterns and infor-
mation theory measures of hospitals’' case-mix complexity. In the next
phase of thig study (Chapter IV), the results of a second series of
‘patient origin-destination analyses, incorporating patient days (PDAYs)
and/or separations (SEPs) associated with these éggﬁégated hospitals
and geographic areas, were used to formulate a bed utilization profile
(BULP) for each hospital. The utility of this approach to quantifying
hospital utilization by levels of care wastevaluated in the final phase
of the research study (Chapter V) by examining the relationship between
operating costs and BULPs generated for Alberta hospitals.

The data base for this study was abstrac.ted from administrdtive
data regularly collected by Alberta Haspitals)and Medical Caré (AHMC).
In order to increase the stability of the data base, the study 5eriod
extended over 24 consecutive months (1977 & 1978). Although the data
base enqompassed two years, this study was considered cross-sectional
in design insofar as it was based on specified data cgm§i1gd on a pre-
defined p@pu!atian within a single time period. Given the nature of
the data base and zhefpaucity of theoretical development or prior emp-

irical research on this topic, an analytic framework based on inferen-

tial statistics (hypothesis testing) was deemed inappropriate. In-

stead, descriptive statistics were employed in this pilot, exploratory .

study.

3.2 Data Sources

Policy wakers, gavernmenf planners, and health administrators in

Alberta have'azcgss to large quantities of routinely collected data.
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In order to accommodate the financial and time restrictions imposed on
this study, the research methodology was designed so that existing gov-
ernment statistics, namely PAS utilization data, population statistics,
and hospital financial data, constituted the data base. Inherent in
this decision was the desire to demonstrate the value of administrative
data as a source of information for assessing the delivery of health
services. The three types of administrative data used are discussed in
terms of their origin, content, and limitations.

3.2.1 PAS Separation Abstracts

The primary data source consisted of PAS separation abstracts com-
pleted on all Alberta residents (adult and children) dtscharged from

Alberta hospitals between January 1, 1977 and December 31, 1978. These

hensive, standardized, haspital utilization data available on a prov-
ince-wide pasis. A PAS separation abstract is a summary of a patient's
medical record and contains the following demographic, diagnostic and
treatnent data: age, sex, date of a&missign- length of stay, hospital
identification code, residence codes, diagnostic/operation codes (based
on H-ICDA and CDC classifications), and numerous other data which were
not used in this study. The patient's residence is coded accordi&g to
the hospital district in which he/she originates; thus, each episode of
hospitalization can be fdentified in terms of the patient's origin in
one of these mutually exclusive and exhaustive geographic regicns;
(See Appendix Elfér a copy of the PAS separatfon abstract format).

PAS case abstracts are completed routinely by medical records per-
sonnel from each participating hospital in accordance with the criteria

and data definitions established by PAS under the auspices of the Com-
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mission on Professional and Heséitai Activities (CPHA). Although these
personnel are trained in the use of the PAS standards for data collec-
tién, dfscrepancies may exist in interpretation or application of these
criteria across different hospitals. The impact of these discrepancies
is expected to be minfimal given that: 1) information excerpted for
this study is relatively "hard data" (e.g., length of stay, patient's
age, hospital identification nunber), wherein subjective input and int-
erpretation effects are mininized;, 2) inclusion of the Eﬁti?E'pru!
lation ig the study increases the probability that errors may balance
overall; and 3) the study perﬁa& was extended over 24 consecutive
months to enhance the stability of the st;tisticaT estimat;s and there-
by reduce the impact of isolated incidents (e_g,i’high staff turnover
in a hospital’s medical records department during a particular year).
The PAS abstracts for 1977 and 1978 provided utilizatton data on
782;882 separations fron 121 acute care hospitals located in 103 hospi-
tal districts (hereafter denoted respectively as HOSP and DIST) in
Alberta (see Appendix C for a list of these hospitals and districts).
By limiting ‘the scope of the study to residents of Alberta seeking in-
ﬁatient services in provincial hospitals, utilization data were analy-
zed as if the prﬂvinCé)encnmpassed a closed hospital system. As such,
it was assumed that utilization patterns of non-residents hospitalized
in the province and residents hospitalized outside the province would
have negligible impacts Eegarding the research outﬁomeéi This assunp-
tion was necessary insofar as PAS utilfzatfon data for residents hospi-
talized outside the province were not readily available and the PAS
residence codes for non-Albertans hospitalized in the study area were

too general to be of value for the analyses based on patient origin.
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"A limitation in the data base e-manat;eé from the use of PAS statis-
tics which were collected primarily for administrative and ‘in‘iiﬂ
purposes. The unit of the PAS file is a separation episode rather than
a patient. As a result, PAS data are unable to account for the move-
ment of patients throughout the ha:spitﬂ systenm (ﬁ;e.i a series of hos-
pitalizations linked to one episode of illness). Manual or computer-
ized tracing of patients by identification number (i.e., Alberta Health
Care Insurance Plan number) is conceivable, theoretically. However, to
maintain patient confidentiality, 'ider;tifiab‘le patient codes wev;e re=-
moved by AHMC before release of the files for this study. Conse-
quently, according to PAS coding procedures, every patient admission,
whether it involved transfer/referral from another hospital and/or re-
admission for treatment of the same disease episode is Counted as an
independent event (i.e., a new patient case). For example, a patient
admitted first to a small rural hospital, subsequently transferred to a
Jarger regional hospital, and finally admitted to a netropolitan
teaching H@s{:ita] would be counted as three patient separations, not és
one continuous illness episode which utilized three hospitals. Thus,

PAS utiljzation data may tend to overrepresent the number of cases

treatedfat hospitals prav!‘ldiﬁg primary and secondary level services.

Ta*wgart,

were calculated in PDAYs as well as SEPs for the 24 month time period,

§11y compensate for this limitation, analyses based on PAS data

unless otherwise stated. PDAYs associated with each hospitalization
would se:-ata be a more sensitive indicator of geographic variations in

utilization patterns than SEPs.
{
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3.2.2 Population Data
pu n . d R A

Standardized, province-wide, demographic data were required as a
control for .possible distortions in utilization patterns due to age-sex
variations in regional and hospital serviée populations, Detailed age-
sex population statistics, derived from the June 1, 1976 Canada Census
and coded by DIST, were obtained from AHMC. The time lag between coll-
ection of the demographic data andihe PAS utilization data may have
contrit;uted to ninor over or under estimates when adjusting for age-sex
" differences in these service populations. Unfortunately more current,
orovincial popu]aticnjstatist.ics were unavailable at the time these

analyses were completed.

3.2.3 Hospital Financial Data

Hospital operat{rjg cost statistics comprised the remaining portion

of the data base. Ue data were required to evaluate the utility of

BULPs in explain’in‘% inter-hospital variations in operating costs. Fin- .

ancdal data for each Alberta HOSP were abstracted from the Annual Ret-

urn_of Health F_'?cﬂj;:ies - Hospitals Part One for the fiscal _year‘s‘
ending March 31, g?g and 1979. These data are submitted aﬁ,nuaﬂy‘,\by
each HOSP to the AHMC for administrative purposes and provide a surmary
of patient care activities and resources expended. A detatled descrip-
tion oAhese financial data is presented in Chapter V. '

By integrating PAS utilization data, populatian demographics, and

hospital financial data, a’comprehemsive data base was obtained with

relatively minor costs for .data collection. As identified, however,

reliance on these previously collected administrative statistics in
formulating the ‘base was associated with some specific limita-

tions.
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3.3 Geographic Variations in Hospital Wtilization by Levels of Care

In this study, geographic variations in patient utilization pat-
; terns .ere 7aﬁaiyzed with the objective of est*imating BULPs for each
HOSP in Aigrta. The initial phase of this study involved the estab-

Tishment of a framework for measuring these variations and relating

them to different classes of HOSPs and geographic areas. Fundamental

to the development of this Fran'émr‘k was the assumption that the care
provided by HOSPs serving a large area can be differentiated into three
levels - primary (Level 1), secondary (Level II), and tertiary (Level
[I1). This assumption was derived from the ecology or r*egjienﬂ ization
approach (designated hereafter as the- ecoloyy approach) to assessing
hospital utilization (proposed by Elaimy, 1§59; Roemer, 1979; Shar‘p and
'HcEa'r‘thy; 1971).
| The analytic framework was ba;ed primarily on a pattent origin
 destination analysis using the relevant index (R.1.) and cowmitment
index (C.I.). As identified in the literature review, R.I. and' C.I.
have wide application. These indices can be used to: 1) quantify
differences in patient flows between geographic areas; 2) identify
service constituencies (i.e., service areas and service populations);
and 3) determine regional variations in resource CQﬂSlJ:lﬁpt’iQng The
first two applications of the patient origin-destination mdef were
incorporated in the framework. [n addition, results of these analyses
were integrated with information theory analyses of hospitals' case-mix
complexity +n order to reconfirm the subjective classification of HOSPs
with the ecology approach to‘ﬂssessing hospital wutilization from an
area-wide perspectivé. In developing this framework, the following

o
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aspects were addressed: 1) establishment of geographic units of analy-
sis; 2) assessment of geographic variations in utilization patterns;
3) derivation of age-sex adjusted service populations; 4) hierarch-

ical clustering of HOSPs and DISTs to delineate large service constitu-

L

encies; and 5) classification of hospitals and hospital - districts

based on the availability of levels of care.

3.3.1 Basic Geographic Units of Analysis .

Use of a patient origin-destination model, as the basis for.detec-
ting differences in patient utilization patterns, necessitated that the
province be subdivided into mutually exclusive and exhaustive geogra-
phic units. Ideally, these units wDJTd have equivalent geographic dim-
ensions (e.q., size, shape, transportation system), would circumscribe
homogeneous populations, and would encompass one HOSP per unit. In
such a situation, atypical patient flows between jecqraphic units could
be attributed, with reiat\ve certainty, to differences in the levets of
services provided by the various hospitals. Given the nature of the
data base and the study area, this was unattainable. Instead, DISTs
were selected as the basic geographic unit of analysis. The reasons
for this decision are listed Se1au,

1) Due to the historical evolution of the Alberta health care system,
the boundaries of DISTs in the province were determined primarily to
correspond to municipal taxation boundaries: = substantive changes in
this administrative orientation appears unlikely in the near future.

é) DISTs divide the province into-103 mutually e§clusive and exhaqu
tive geographic areas and corresponding populations. With the excep-
tion of the three urban DISTs (i.e., Edmonton, Ca1jary, and Lethbridge)

and six rural DISTs, these DISTs encompass only one hospital.
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3) PAS .separation abstracts are coded to facilitate tabulation vb;
DIST.

4) In Alberta, enumeration areas, the smallest area unit for recor-.
ding Canadian census data can be clustered to correspond closely to the
boundaries of these DISTs. i \

5) Included in the data base for this étudy are 782,882 PAS separa-
tion abstracts, spanning the province. DISTs, as the basic geographic

unit for identifying patients' origins and destinations, are targe-
enough that data analyses are manageable, and yet small enough that the
data reduction does not obliterate significant differences in patients'

care-seeking patterns. In view of these considerations, the investia'
gator concluded that the 103 DISTs, although not iéea1, were the most

viable, basic geggriphi: units of analysis fr this study. These DISTs

ands associated HOSPs are illustrated in Figure 3. .
3.3.2 Geographic Yariations in Utilization Patterns ~

Within the context of this study, geographic variations in utili-
- zation patterns were equated with differen;es in patient's origin dest-
ination flows acrdss différent geographic areas. The patient origin-
destination flow matrix developed by Griffith (1972, p. 75) was the
franework employed in de1iqfating flows of patients seeking care in
Alberta HOSPs. As shown in Figure 4, this matrix provides a systematic
approach to cross-tabulating patient utilization by origin (patient's
residence by DIST) and destination (patient's care location by HOSP).
Application of this framework to the data base produced a patient flow
matrix consisting of 121 HOSPs by 103 DISTs. Each of the resulting
12,463 matrix cells represented the unique utilization pattern assoc-

jated with the interaction of patients originating from a specific DIST
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CONFIGURATION OF ALBERTA'S
HOSPITALS AND HOSPITAL DISTRICTS™

FIGURE 3

103 Hospital Districts - (bold
letters identify QIST Codes)

121 Acute Care Hospitals indicated
by e« (multiple facilities noted
in brackets such as Edmonton (7)).
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and the care received at a specific MOSP destination. Patient utili-
zation frequency divided by column sums indicate the relative” tendency

of patients originating in each DIST to travel to different HOSPs-

’(RiI.)i Alternatively, patient utilization counts divided by row sums

F

indicate the relative tendency of a particular HCSP destination to pro-

vide care or allocate résources to patients from different hospital

i N.). Consistent with Raasok's (1979) extended application

(=%

tricts (C.

%

of the relevanch and commitment indices (developed by Griffith, 1972 &
1978; Bay & Negtmani 1980 & 1982), these indices were used fﬁ this
study to quantify geographic variations in patients' utilization pat-
terns. Two sets of R.I. and C.[. were céicu1ated based on PDAYs and
SEPsr(fcrmu1aé for deriving R.I. and C.1. are contained in Appendix D).
As explained in sub¥guent secttions, these indices were also used to:
1) aggregate DISTs and HOSPs to form larqer, geographically ggpgig-
uous, service constituencies, and 2) to substantiate subjective classi-
fications of HOSPs and DISTs according to levels of care associated
with each.

3.3.3 Derivation of Age-Sex Adjusted Service Populations

Reliance on geographic variations in hospital utilization as the
basis for estimating the number of primary, secondary, and tertiary
level beds required in the study area was predicated on the assumption

requirements for different levels of hospital services were similar).

Previous researchers have identified that inconsistencies in health
il

needs (as evidenced by regional differences in utilization rates) were

related frequently to age-sex disparities. ® To control for this poten-

tial source of uncertainty, the population of Alberta was subdivided to
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coincide with the”boundaries of the '103 DISTs; these geographically
djsc:;te service populations were then adjusted to ensure uniformity by
age and sex. In deriving the age-sex adjusted service populations for
each DIST (denoted hereafter as SP), the methodology usgd by Bay and
Nestman (1980, pp. 682-683) and Raasok (1979, pp. 66-68) was adopted.
Two sets of data. were required: age-sex specific census data [1976)
for each DIST formed the demographic component and rates of resource
utilization (average age-sex specifié patient-days per capita), calcu-

lated from aggregated 1977 and 1978 PAS abstracts, were used to deter

Ay

. mine the appropriate weights for adjusting' the census statistics.

Additional adjustments to the SPs to account for regional discrepancies
in socio-economic-demograé;ic variables and the supply of health
resources (e.g. hospital beds) were not attempted.

3.3.4 Ceographic Clusters of Hospitals and Districts

Following the selection of the basic geographic units of analysis

the 103 DISTs), these DISTs and the related HOSPs were then clustered

to form larger, conterminous, jeographic service constituencies. These
clusterings produced a three-tiered hierarchical configuration of ser-
vice areas which facilitated the development of two series of patient
origindestinatjon matrix analyses to measure geographic disparities in
patient flows by level of care. (These matrix analyses are discussed

in Chapter [V). The geographic clusters comprising each tier were

identified as follows: 1) DISTs (Tier 1); 2) REGIONs (Tier 2); and

2Refer to Bay and Nestman (1980, pp. 682-683) or Raasok (1979, pp.
66-68 for a detailed description of the approach used in this study
for deriving age-sex adjusted service populations. This approach is
referred to by some researchers (e.qg., epidemiologists) as the indir-
ect method for achieved age-sex adjusted populations.



3) REFERRAL AREAs (Tier 3). In F@ngng these clusters the fcﬂ}awjng
criteria were applied: 1) actual careégﬁetﬁng patterns (based on
patient origin-destination analyses of PAS PDAYs and SEPs for 1977-78
using R.I.s and C.I.s); 2) the nat;;al geoqraphic integration of some
DISTs; 3) bEFQviﬁCiéT transportation routes; ané 4) natural commer-
cial trade patterns. The geographic form and rationale for developing
each tier of clusters is outlined below.

Tier'l - Districts. As identified, 103 DISTs were selected as the

basic geographic units of analysis. At the district level it was diff-
icult to compare interédistritt care-seeking patterns of Albertans be-
cause three DISTs. (i.e., Lloydminister Municipal Hospital District,
County of wheatland Area, Blood Indian Reserve) did not encircle a
"local" HOSP (destination) and nine CISTs encompassed multiple "local"
hospitals. To resolve this difficulty, the three DISTs were amalga-
mated with three adjoining DISTs (i.e., Islay, Calgary, Cardston res-
pectively), and multiple hospitals within a DIST were assigned to one
cluster (e.g., Lethbridge Municipal, St. Michael's General and Coaldale
Municipal Hospital were assigned ﬁD the Lethbridge General Hospital
District). These aggregations at the district level reduced the 103
DISTs and 121 HOSPs to 100 district clusters with corresponding clus-
ters of hospitals. .

Tier 2 - Regions. Geographic variations in patient flows tend to

be blurred in urban areas due to the proximity of several hospitals
offering similar services and the resulting owerlap in service popula-
tions. In addition, urban hospitals serve as "referral" centres for

other districts' populations and as the "local" hospital to urban popu-
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lations. In this, study, this referral phenomenon was exploited in
order to estimate;“iccai" utilization rates for urban populations and
“non-local” (referrg}) utilization rates Fa% rural populations. To
. analyse these relationships, the 100 district ciuiferg were agqregated
to form six 1ar§e,imutua11y exclusive and exhaustive gg@graphiﬁ service
constituencies. The six regional comstituencies were labelled GFande
Prairie* (GP), Edmonton (ED), Lalgary (CL), Red Deer (RD), Lethbridge
;(LB), and Medicine }Hét (MH).  Each constituency included an urban

centre: the configuration of these REGIONs is shown in Figure 5.

Tier 3 -7Refei{ai kre;si At the provincial level, a third aggreg-
ation was undertaken to delineate self-sufficient service constitu-
encies (i.e., areas where patient flows across boundaries were iﬂig-
imal). As a result, the six regions were clustered to form two large
"super” constituencies, designated as the Nlorth Referral Area (NRA) and
the South PReferral Area (SRA), which essentially divided the province
into halves (Figure 5.)

The relationship among these hierarchical clusterings of DISTs and

HOSPs from an area-wide, geographic perspective is depicted diagramati-

cally in Figure 6. These aggregations provided a framework for redu-
cing the data base and comparing patient flows from different geoyra-
phic perspectives.

3.3.5 (Classffication of Hospitals and Districts by Levels of Care

To complement the geographic framework for ‘identifying variations
in patients origin-destination flow patterns, a framework for reYat%ng
these vartations to the levels of care available in HOSPs and related
DISTs was developed. While various authors have advocated the utility

of "classifying" hospitals by levels of care based on the ecology app-



FIGURE 5

CONFIGURATION OF
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roach (e.g., Mountin et al., 1945; Roemer, 1979; Schultz, 1970; Shon-
ick, 1976), the»investigatcr was unable to locate comprehensive, aapir-
"ically validated criteria for deriving "ecology" classifications.
Therefore, in accordance with the results of studies which investigated
some EDﬂEEﬁES of the ecology approach (e.g., Anderson & Wertz, 1977;
Elainy, 1969; Morrill & Earickson, 1968; Poland-Lembcke, 1962; Sharp &
McCarthy, 1971), the investiqator classified HOSPs and DISTs based on a
subjective assessment of the levels of care available. The assessment
involved a comparative consideration of the general characteristics of
HOSPs (e.g., size, location, teaching activities, subspecialty ser-
vices, service population size) from the HOSPs' perspective and then
from the DISTs' perspective. The resulting HOSP and DIST classifi-
cations were then reconfirmed using diFfere;t criteria which are devel-
oped in the following sections. The conceptual tasis and results of
these classifications are presented as follows.

Hospital Classifications. The 121 HOSPs throughout the study jur-

isdiction were first subjectively divided into three klasses based on
comaon knowledge about the hospitals and opinions of knowledgeable per-
sons. Congruent with the ecology approach, these classes corresponded
to a tri-level, hierarchical configuration of hospitals, characterized
by: 1) increasing case-mix complexity; 2) the successivgiy inclu-
sive levels of care available as one progresses through thé hierarchy

of hospitals; and 3) overlapping service populations. The three

L

-.groups of HOSPs were denoted as Class A, B, and C. These classes were
designated as encompassing 'three levels of care, primary (Level 1),
secondary (Level II), and tertiary (lLevel III), following a success-

ively inclusive format (i.e., Class A includes Level I[; Class B
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includes Levéls I and II; and Class C includes LEVEIEJI- [I and II1).

Subjective assignment of the HOSPs by level of care ués difficult,
particularly for Class 8 and C haépita1sg To substantiate these sub-
jective ciaséificatiens, ﬁa;ient utilization patterns and Ease-mii cam=
Commoral ities am@né the utilization patterns of each ﬁIST popula-
tion were enumerated using R.I.s and C.I.s. A basic cﬁncept of the
ecology approach, the tendency of local residents to use a 1@&31 hospi-
tal, depending on the availability of all levels of care, was identi-
Fiedabased on R.I.s of the local HOSPs to their lecal DISTs. Simil-
arly, the tendency Fér hospitals to attract patients from larger geo-
qraphic areas, in relattonship to the increasing Tlevels of services
available and size (thus resulting :n reduced allocations of resources/
beds to local populations), was assessed using the C.l.s of local HOSPs
to their Toéé{ DISTs. The comparability of R.I.s was limited by the
fact that some DISTs had iore than one HOSP. In these instances the
adjustment factor illustrated below was applied.

Number of Beds in the DIST
Number of Beds in the HOSP

Adjusted Relevance Index = R.I.

[f the adjusted relevance index exceeded 100%, it was automatically set

at 100%. i

il

# In substantiating the subjective classifications, the tendency for
increasingly complex cases *an a large area to be concentrated in an
iiﬁcreasing1y smaller number of hospitals in the heirarchical configur-
ation was quantified. An entropy measure was computed for each HOSP
derived from the information theory approach to determining case-mix

canplexity (e.g. Evans & Walker, 1972, Horn & Schumacher, 1979). This



approach to quantifying case-mix complexity was based on the premise
that case complexity is an inverse function of the degree of concentra-
i 1

tion or the cofmonality of a particular disease among geagréphicaﬂy

dispersed hospitals. Case complexity weights were calculated first for ;

each of the 188 CDCs using PDAYs and "SEPs. A case-mjx complexity value

was then calculated for each HOSP by weighting the proportion of the

HOSP's case-load for each diagnostic category by the camplexity value
les. This case-mix complexity measure is equivalent to the CMPXCl mea-
sure developed by Evans & Walker (1972).3 HOSPs with low case com-
plexity values were equated with those which provide relatively cammon-
place (Level I) services to pat%evits; alternatively, highgr case com-
plexity values were equated with technically and medically advanced

hospitals which offer a range of inpatient services (Levels I, II,

I11). The conceptual relationship asong the classes of hosp‘itang
levels of care, service constituency measures and case-nix complexity
values are depicted in Table 1.

As summarized in Table 2, the case-mix complexity values calcu-
lated for the HOSPs generally supported the subjective classifications.
Although the mean complexity values for the Class A, B, and C hospitals
were different, there was some overlap in the values. !T'his occurred to

a greater extent for. the values derived from SEPS which do not weight

3Evans & Walker (1972) developed three additional measures of case-
mix complexity (i.e., (MPXC2) and specialization (i.e., SPCLC1 and
SPCLC2) which according to their results were not as effective in
explaining inter-hospital differences. Therefore, only the CMPXC1
measure was used in this study. Refer to Evans & Walker (1972) for a
detailed description of the methodology.
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TABLE 1 ’
CONCEPTUAL RELATIONSHIP AMONG CLASSES OF HOSPITALS, LEVELS OF CARE,

AND. SUPPLEMENTARY HOSPITAL CLASSIFICATION CRITERIA

_ . " [ -
Supplementary Classs ication Criteria
Hospital Levels of Serviced t Case-MixD
Classes Care Constituency Complexity
v . R. 1. G 1. Measure
A primary (1) Low High Low
B primary (1) Mediun  Medium Med {um
secondary (II)
c 'primary (1) High Low High

secondary (II)
tertiary (I1I)

4 The formulae used to calculate the Relevance Index (R.I.) and
Commitment Index (C.I.) measures of each hospital's service
constituency are presented in Appendix D.

b These measures were derived fram'fhformaticn thelry measures of
case-mix complexity developed by Evans amd Halker‘(iSTE)a"g



TABLE 2

.‘ P o _ P _ _— = & -
DISTRIBUTION OF CASE-MIX COMPLEXITY MEASURES
(n=121)

{

Statistic Measured i Hospital
A B C

Number of
Hospitals 104 - 9 8

Minimum SEP 0. 653 0.933, 1.074
Max imum - 0.998 1.141 1.750
Mean ’ 0.810 1.037 - 1.215
Standard Deviation 0. 068 0.054 0. 226

Minimum PDAY 0.674 0.892 1.049
Maximum 0.973 1.026 1. 357
Mean 0.8315 0. 993 1. 165
Standard Deviation 0.060 0.040 0.130

Note.

~ These measures are based on the information theory approach to
deriving hospital-specific case-mix complexity measures, developed
by Evans and Walker (1972).

aThe greater the numerical value, the greater the case-mix
complexity.
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each case based on severity (i.e., disease - specific variations in
length of stay). ' i .

The relationships among the levels of care associated with the
eé;1ogy approach, the three clusters of hospitals, and the secondéry
criteria (serv}ce constituency and case;mix complexfty values) were
used to reassess the initial subjective hospital classifications.
Based on this information, th; subjective classifications were final-
ized. Eight hospitals, four hospitals from each of CaS?ary and Edmon-
ton, were categorized as tertiary (Class C). Nine hospita]é, including
the remaining hospitals from Edmonton, Calgary and other nedium urban
centres were c]asgjfied as secondary (Class B). The remaining hospi-
tals, 104 hospité?s located in the rural area§, comprised the primary
(Class A) hospitals (see Table 3).

District Classifications. Three groups of districts, Class- X, Y,

and Z, were determined by classifying each DIST in termns of the highést
level of care (Level I, II, and/or IIl) available within its local
HOSP(s).  Regional self-sufficiency indices (developed by MaclLean &
Weldon, 1977) were then ﬁa]culated for'DISTs to confirm these categor-
‘ies. The self-sufficiency index (SSI) provides a numer%ca] value vhich.
approximates the net flow of patients moving into or out of the DISTs
by comparing the within hospital resources (beds) of a DIST utilized by
all patients, regard]ess of origin, to the total ‘resources used by
patients originating from the same DIST. The formula is:

dotal PDAYs (SEPs) Generated by

HOSP(s) within the DIST

Self Sufficiency Index (SSI) = Total PDAYS (3FPs) Generated By -
: Patients Oriqginating in the DIST
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TABLE 3

SUMMARY OF HOSPITAL AND HOSPITAL' DISTRICT CLASSES
BY LEVELS OF CARE

Hospital Class - Hospital?d
T.0. Code  Name
C (tertiary) 15 Alberta Childrens
16 Foothills Provincial
' ' : 17 Calgary General

19 Holy Cross
38 Dr. W.4. Cross . Cancer
43 Royal Alexandra
. 44 University of Alberta
303 Charles Camsell

B (secondary) : 18 Salvation Army Grace
20 Rockyview General
39 Edmonton General
41 Misericordia )
56 Grande Prairie Hun1c1pal
71 Lethbridge Munic1ﬁ
72 St. Michael's Lethbridge
79  Hedicine Hat. General

92 Red Deer General
A (primary)P the remaining 104
’ hospitals
District Class Hospital District
I.U. Code Name
Z (tertiary) 93 Metropolitan Calgary
‘ 106 Metropolitan Edmonton
Y (secbndary) 14 Grande Prairie
- 15 Red Deer
65 Lethbridge
69 Medicine Hat
X (primary)b the remaining 97

hospital districts

aThe locations &hospital district) of these hospitals are
identified in Appendix C.

DThe names of these hospitals and hospital districts are
listed in Appendix C.-
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‘A SS] of unity indicates that thare was ﬁe net movement of patients.
An index of less than unity denotes a net outflow of patieﬁts; a value
greater than unity indicates a net inflow of pa;ieﬁts'te the DIST. The
use of this index is based on the premise that iﬁter—disﬁrict patient
flows were Ehe result of patients travelling to obtain levels of care
unavailable within their DIST of origir* and n@tidue to disparities in
health needs. The re]aticns%ips among HOSPs and DIST classifications,
the SSIs, and inter-district patient flow patterns by levels of care
are presented in Table 4.

Discrepancies between the initial classification of DISTs and the
SSIs were reassessed with regard to the impact of transportation routes
and climatic influences. . The results of the final classification of
the DISTs by level of care yielded: 1) two tertiary (Class 2) DISTs
comprising Edmonton and Calgary ;0591t31 districts; 2) four secondary
(Ctass Y) DISTs comprising Grande Prairie, Red Deer, Lethbridge and
Medicine Hat hospitals districts; and 3) 97 primary (Class X) DISTs
encompéssing the remaining rural hospital districts (Table 3). These
classifications were consistent with the ecology approach to assessing
utilization patterns.

Use of the ecology approach in classifying HOSPs and DISTs by lev-
els of care, as presented in this section, was predicated on two basic
assumptions. First, it was assumed that hospitals can be grouped into
a three level hierarchical configuration consistent with gheir capabil-
ities to provide different levels of care. Patient classification
researchers have demonstrated that patients can be grouped according to
their requirements for care. Analogously, other researchers employing

various measures of hospital output have tended generally to group hos-
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TABLE 4
CONCEPTUAL RELATIONSHIP AMONG HOSPITAL DISTRICT CLA%SES, e
HOSPITAL CLASSES ) SELF-SUFFICIENCY IMDEX, AND PATIENT
FLOWS BY LEVELS OF CARE

Self-b
District Hospital?d Sufficiency Patient Flows by Levels of Care

Classes Classes Index Within Outflow Inflow

X A (<1) I II, I1] -
Qutflow

Yy B (A1) LI e 1
Inflow &
Outflow

4 c (>1) LI, I - I, 11
Inflow '

aThe most complex class of hospital situated within the region. Less
complex classes of hospitads may or may not be present.

bIndex formulae are based on the methodoloyy developed by MaclLean and
Weldon (1977). The conceptualized net movement of patients, associated
with each class of district and having the greatest impact on the index,

is noted.



pitals in three basic categories including: i) nunerous, small, pri-
mary care Faci1ities!which provide services for relatively non-complex
cases; 2) several secondary or regional hospitals which provide a mod-
erately broad spectrum of services; and 3) giveryifew tertiary hospi-
tals, characterized by tge relative complexity of their case-mix and
their role as an academic health centre. DOue to the scarcity of exper-
ienced nedical specialists and allied health personnel, and the expense
associated with technologically complex diagnostic and treatment facil-
ities, it appears logical that facilities providing higher levels of
care would be more limited in number and located in larger population
centres in order to attain economies of scale (i.e., hiefarchicai con-
figuration)."

Second, it was also assuwaed that the provision of hospital ser-
vices is successively inclusive: lower level services are available in
hospitals providing hijher level services. This assumption appears
reasonable in view of the fact that: 1) given the nature of illness,
most seriously i11 patients require lower level services (e.g., basic
blood work) as well as specialized services (e.q., blood gases) during
their illness, and 2) mﬁre camplex levels of care are characterized by
increasing degrees of personnel expertise and technological innovation
(e.g., intensive care units).

Based on these two fundamental assumptions, the ecology approach
to assessing patient utilization was used to classify HOSPs and DISTs
in Alberta by levels of care. As discussed, other concepts of the

ecology approath were also measured in an attempt to substantiate these

classifications.
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3.4 Surmary N

In Chaptér 111 a framework was formufated to brovide the basis for
achieving the main objective of this study: the development of a meth-
‘odology for estimating area-wide and hospital-specific patient utiliza-
tion rates by primary, secondary and tertiary levels of care, congruent
with actual care-seeking patterns. An eiploratory, descriptive re-
search strategy was adopted, incorporating previously collected admini-

strative data relating to acute care hospital utilization in Alberta

for 1977-1978. A framework was derived for analysing geographic varia-

tions in hospital utilization by levels of care, based on an integra-.

tion of the patient origin-destination model and the ecdlogy approach
to assessing hospital utilization. Using hospital districts as the
basic geographic unit of analyses, R.I.s and C.I.s were employed to
quantify geogfaphic variations in patient flow across the study juris-
diction. Based on these results, DISTs and associated HOSPs were clus-
tered to form a three tier hierarchical configuration of service aréas.
These successi;e geoyraphic aggrejations, including: 1) 100 DISTs and
HOSP clusters; 2) six REGIONAL and HOSP clusters; and 3) two REFER-
RAL AREAs and HOSP clusters, provide the basis in this study to compare
patient flows from different geographic perspectivés. To relate these
geographic variations to differences in levels of care available, HOSPs
and DISTs were both c1a§sified'into three groups based on the ecology
approach. 'These aggregations of HOSPs and DISTs, first by geographic
affiliation and second by levels of care, provided the basis for incor-
porating the two dimensions of geography and levels of care in der{v1ng
patient origin-destination matrix analyses of utilization rates. These

matrix analyses are discussed in the following chapter.
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J CHAPTER IV

DEVELOPMENT OF LEVELS OF CARE BED UTILIZATION PROFILES

In the preceding chapter a framework was developed for assessing
geographic variations 1in the movement of patients seeking hospital
care. Various researchers have studied the relationship between pat-
ient utilizations and levels of ServiCE§4pFDvidéﬂ by hospitals (e.g.,
Elainmy, 1969; Morril & Earickson, 1968; Mountin et al., 1945; Sharp &
McCarthy, 1971), imp?icitjy assuming homogeneity of bed utilization by
levels of care. These researchers used the hospital as the unit of
analysis, rather than assessing variations in the use of beds across
hospitals. With the exception of the research by Andefson and Wertz

(1977), the investigator was unable to locate studies which employed,

as the btasis for measuring utilization patterns of hospitals by levels
of care, which is the major thrust of this study. In order to investi-
gate the utility of this concept, an initial attempt was undertaken to
estimate empirically bted utilization by levels of care profiles (BULPs)
for Alberta Hospitals. Inrthis chapter, the developmental process is
described under four headings: 1) description of the BULP concept; 2)
derivation of provincial utilization rates by levels of care; 3) esti-
mation of the BULPs; and 4) summary.

4.1 The BULP Concept

A BULP is a three element vector which specifies the number (or
three levels of inpatient care, primary, secondary, and tertiary.
BULPs are unknown population parameters, and as such, these paranmeters

must be estimated from empirical data under certain assumptions which
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are dependent on models of reaHiy as perceived by the researcher.

In order to explore the BULP concept, two sets of hospital speci-
fic BULPs were developed in this study, based on two different model s
of reality (designated as Models A and B). Basic to both model s were
two fundamental assumptions regarding the concept of distance minini-
zation. These assumptions were: 1) that patients would access

HOSP(s) located within their DIST of origin (assumed to be the closest

facility) if the required level of care was available, and 2) if the

appropriate level of care- was unavailable in the patient's DIST
HOSP(s), he/she would then travel (be referred) to the nearest HOSP in
another DIST offering the required level of care. Minor deviations
from this pattern were cxpected (e.J., car accidents while travelling);
however, it was anticipated that these deviations would balance at the
aggreqate level and that the effect would be negligible ingofar’ as the
entire provincial population was included in the study.

Previous utilization studies ha’ve shown that distance minimization
was & predominant factor, particularly in rural areas. In view of the
fact that Alberta fis characteri zed by : 1) a sparsely distributed
rural pdpulation, with the exception of a few urban areas which encom-
pass over 50% of the population; 2) a large number of small rural’ hos-
pitals (less than 100 beds) dispersed throughout the province; 3) ex-
tended travel distances between population centres; 4) severe winter
climate; and 5) the existence of strong community affiliations in
rural areas, it appears logical that patients woul& use local hospitals
and minimize travel times when seeking hospital care. Although prev-
ious researc:ters found that distance minimization was a less predomin-

ant characteristic of urban hospital utilization patterns, the fact
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that the urban populations and associated urban hospitals have been
grouped within single geographic areas for this study eliminates this
potential source of difficulty.

While there is implicit agreement that 1evé1s of care vary across
hospitals, the "average" hospital bed has traditionally been the accep-
ted standard for: 1) wevaluating hospital operating costs (i.e. costs

per bed, per PDAY, per SEP), and 2) assessing the need for regional

hvospitaﬂ construction (i.e., beds per capita). With BULPs, the "aver-

age" bed is more precisely defined in accordance with existing utili-
zation patterns. Consequently, operating costs associated with differ-
ent levels of care and the equitable distribution of primary, secondary

and tertiary beds can be determined more rationally.

4.2 Development of Models A and B

In accordance with the franework developed in Chapt.er 11{, geoqra-
phic variations in patient flows assoc'iated with the classification of
HOSPs and DISTs by levels of care were’guantified. These patient flows
were standardized and then re-analysed using two divergent perceptions

about reality (Models A and B); two sets of provincial per capita util-

jzation rates by levels of care were thus derived. The three phases of "

the development of these models are outlined below:

4.2.1 Analysis of Patient Flows

Two series of patient-origin destination matrix analyses were com-
pleted using SEPs and PDAYs. These analyses were designed to: 1)

evaluate the suitability of the geographic clusters of HOSPs and DISTs

described in Sections 3.3.1 and 3.3.4, and 2) quantify patient ﬂows‘

associated with the three classes of hospitals (A, B, C) and DiSTs (X,

Y, Z) as conceptualized in Table 4.
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Series QOne. A &eneral assessment of geographic variations in
patient-origin destination flows was conducted using several matrix
analyses. These matrices were based on different designations of pat-
ients' origins and destinations as defined by the three tier configur-
ation of geographic clusters of HOSPs and DISTs. The movements of

patients seeking hospital services outside their area of origin (100

DISTs), 6 REGIONs, and 2 REFERRAL AREAs) were measured in PDAYs and”

SEPs, an& the suitability of the three-tier hierarchical configuration
of service constituencies was evaluated.

- Examination of the movement of aatienté within (or alternatively
outside) their area of origin (Table 5) tends to support the geographic

delineation of patient origin-destination movements using the three-

level hierarchical configuration of service constituencies (Section

3.3.4). A very small proportion of patients seek huspital CEFE\i?tSidE
their geographic service constituency (Table 5); the outflow decreases
as one progresses from the DIST level (21.1% in SEPs) through to the
REFERRAL AREA level (1.2% in SEPs). In total 78.9% of SEPs were from
HOSPs located within patjents' DIST of origin. These results (Table 5)
appear to substantiate the va?idity of the distance minimization
assumptions and the use of DIST as the basis geographic unit of analy-
sis. The minimal flow of patients across the boundaries of the REGIONs
also tends to confirm that the province can be subdivided into six dis-
tinct geographic service regions. Similarly the limited flow of pat-
fents between the NRA and SRA (1.23% of the SEPs were hospitalized out-’
side their REFERRAL AREA of ofigin) indicates that a definite north-

south geographic division exists in care-seeking patterns.
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TABLE 5 ! Z

PATIENT FLOWS WITHIN OR OUTSIDE THE BOUNDARIES OF THE

HIERARCHICAL CONFIGURATION OF SERVICE CONSTITUENCIES

Geographic Service QgggEjFQEﬁiyr Measure % of Patient Flows
Tier Clusters Within Qutside
[ 100 DISTRICT . SEP 78.9 21.1
PDAY 77.1 22,9
Il 6 REGIONAL SEP 95.9 4,1
PDAY 95.1 4.9
111 2 REFERRAL SEP 98.8 1.2
AREAS PDAY 98.9 1.1

Note. See hierarchical clustering of geographic areas as presented
in Figure 6. -
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At the DIST and REBGIONAL Level, percentage flows of patients out-
side their area of origin, measured in PDAYs; exceeded the correspon-
ding SEPs values (Table 5). ™ other words, the ALCS of patients

seeking care within their DIST or REGION of origin surpassed that of

patients seeking care outside. This trend was most apparent at the

_ DIST level and, as expected, was reversed at the REFERRAL AREA level.
These results may be due to the fact that higher level services (i.e.,
tertiary care) are,centralized; therefore, more complex cases requiring
longer diagnostic and treatment periods are referred to hospitals out-
side the patients' service constituency. Consistent with the results
shown in Table 5, this trend would be least evident for REFERRAL AREAS
which include hospitals providing all three levels of care.

Series Two. The level of care classifications of HOSPs (A, B, C)
and DISTs (X, Y, Z) were then superimposed on the data base to derive a
second series of patient origin-destination matrices. These analyses
illustrated patients' care-seeking movements on a provincial basis by
DIST classification (origin) and HOSP classification (destiﬂation)!
Flows within each matrix cell were subdivided to delineate patients
seeking care inside and outside their DIST of origin.

The results of these matrix ana];se; are discussed first in.terms
of patient flows associated with the Classes of HOSPs and then in
relationship to the Classes of DISTs. The 104 Class A HOSPs (providing
only primary level care), and the eight Class C HOSPs (providing pri-
mary, secondary, and tertiary care) account for almost equal numbers of
patient SEPs, for a combined total of 75%, the ﬁine Class B HOSPs pro-
vide the remaining 25% of the SEPs (see Table 6). Total PDAYs assoc-

jated with each Class of HOSP were divided by the corresponding SEPS to

Lot
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TABLE 6

PATIENT FLOW PATTERNS: DISTRICT CLASS versus HOSPITAL CLASS
(UNIT: 1000 SEPs or PDAYs)

Hospital Measure Class of District TOTAL ]
Class X \ z
A SEP 274.0 5.3 8.2 287.4 26.7
PDAY 1,847.6 30.1 39.3 1,916.9 31.7
& ALos2 6.7 5.8 4.9 6.7
B SEP 39.1 69.5 89.2 197.8 25.3
PDAY 300.1 474.1 673.8 1,448.8 .24.0
ALOS 7.7 6.8 7.5 7.3
C SEP 63.5 5.9 228.3 297.7 38.0
PDAY 671.8 73.5 1,928.0 2,673.3 44.3
ALOS 10. 6 12.5 8.4 8.9
Alberta SEP 376.6 80.6 325.6 782.9 100
PDAY 2,820.3 577.6 2,641.1 6,039.0 100
ALOS 7.5 7.2 8.1 7.7
Rercentage  SEPs 48.1 10.3 41.6 100
PDAY 46.7 9.6 43.7 100

4AL0S is measured in days.
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compare ALOS. A consistent pattern eierged (Table 6) wherein the ALOS
increased in direct relationship to the levels of care available in the
hospitals {Class A = 6.7 days, B = 7.3 days, C = 8.9 days). These
results support the tenet that hospitals providing higher levels of
care serve nore seriously i1l patients who tend to require longer hos-
pital stays for diagnosis and treatment. These results also illustrate
that comparisons of hospital resource utilization based on SEPs may be
systematically biased across the three glasses of HOSPs in terms of the
ALOS per SEP. Consequently, it would appear that PDAYs is a more equi-
table measure of resource utﬁization fhan SEPs.

Further analyses revealed that the proportion of residents who
obtain hospital services within their DIST of origin increases consis-
tently from Class X (61.4% SEPs or 56.4% PDAYs) through to Class Z
(96.7% SEPs or 97.8% PDAYs) (see Table 7). Patients from Classes X and
Y DISTs have similar ALOS when hospitalized within their districts of
origin; however, the ALOS increases by 1.6 and 2.8 days, respectively,
when patients are hospitalized outside of Class X and Y DISTs. Conver-
sely, the ALOS of patients from Class Z DISTs, hospitalized within
their DIST of origin, is four days longer than those seeking care out-
side their DIST (8.2 days versus 4.2 days). If the LOS is a proxy
measure of the seriousness of a patient's illness, one could speculate
that patients.'from those DISTs where all levels of care are more read-
ily available (Class Z) tend to be hospitalized for more serious ill-
nesses as compared to patients from Class X and Y DISTs. This phenome-

non could be related to several factors including: 1) decreased

availability of beds in Class Z DISTs; 2) improved diagnostic capabi-

lities in Class Z DISTs (i.e., increased availability of specialists
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TABLE 7 )

PATIENT FLOWS WITHIN AND QUTSIDE THE
BOUNDARIES OF DISTRICT CLASSES.-AND ALOS@

District Levels of Care Measure % _of Patient Flows
Classes Available Within Outside
X [ ~ SEP 61.4 38.6
PDAY 56.4 43.6
ALOS 6.9 8.5
Y I, 11 SEP 86.9 13.1 L
PDAY 8.4 ~ 17.6 ) §
P ALOS 6.8 9.6
z ‘ I, 11, III SEP 96.7 3.3
PDAY 97.8 2.2
ALOS 8.2 4.2

3ALOS is measured in days.



and diagnn;tiéij!!jnu1agies); 3) a more conservative approach to
patient care in more rural areas (Class X and Y DISTs) because of
longer travel times and unpredictable weather conditions. Further
%esearﬁh in this ;fea is nécessary to investigate the impact of these
factors on ALOS. Nevertheless, these results strongly suggest the
&
inadequacy of ALOS as a measure of hospital efficiency and/or as the
basis for resource allocation when it is used without reference to

patients' origins and the levels of care provided by the hospital.

As tﬁe next step in the development of Models A and B, inter-class
patient flows derived from the aforementioned matrix analyses (Table 8)
were standardized in terms of PDAYs per 1000 persons-year. This was
aceamp]isﬁed by dividing the patient flows for Class X, Y, and Z DIiTS
by the respective service populations for these clusters.? A
| The estimates of patient flow rates obtained are presented in
Table 9. At the provincial level, the total utilization rate for all
levels of care is 1,642.7 PDAYs per 1000 ageésex'adjusted persons=year.
Of these 375.4 PDAYs per 1000 persons-year (22.9%) are spent in hospi-
tals outside of the patients' DIST of origin. As shown in Table 9, the
diminishing tendency for patients to obtain care outside their DIST, as

one proygresses from Class X thrmfgh Y to Z DISTs, persists when the
flows gve standardized: these rates represent 43.6%, 17.6% and 2.2% of
the total utilization rates for Ciasses X, Y, and Z DISTs, respecﬁi

ively. Based on the conceptual framework, this trend coincides with

4The SPs were calculated by summing the age-sex adjusted SP estimates
for those DISTs comprising each (Class (see Bay et al., 1980, and
Raasok 1979, for an explanation of the methodology used).
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TABLE 8

INTER-CLASS PATIENT FLOWS IN PDAYs

(Unit:

1000 PDAYs)

FLOW HOSPITAL ____DISTRICT CLASS TOTAL
CLASS X Y z

I _ — A ——
Aithin . A 1,578.0 7.3 0.0 1,585.3
District B 0.0 468.7 669.8 1,138.5
Hospital(s) C 0.0 0.0 1,934.5 1,934.5
R TOTAL 1,578.0 476.0 2,604 3 4,658.3
Qutside A 265.7 22.8 43.6 332.1
Hospital(s) C €55.8 73.5 9.5 738.8
TOTAL 1,220.9 101.7 58.6 1,381.2
TOTAL A 1,343.7  30.1 43.5 1,917.3
B 299.4 474.1 675.3 1,448.8
C 655.8 73.4 1,944.1 2,673.3

TOTALS 2,798.9 577.6 2,662.9 6,03%9.4
Service Populationd 1,375.7 369.9 1,930.8 3,676.4

aService Population units are in 1000 persons-year.

Since the study

period extended over 24 months, the provincial population was counted

twice.
divided by two.

Therefore, the actual study population equals 3,676,400
Similarly, the patient flows shown were summed over
the 24 month time period. .
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TABLE 9

INTER-CLASS PATIENT FLOW RATES

111

(Unit: PDAYs/1000 Persons-year)
FLOW HOSPITAL  DISTRICT CLASS TOTAL
CLASS X Y
Within A 1,147.1 19.7 0.0 431.2
District B 0.0 1,267.0 346.9 309. 7
Hospital(s) c 0.0 0.0 1,001.9 526. 2
TOTAL 1,147.1 1,286.7 1,348.8 1,127.1
Qutside A 193.1 61.7 22.6
District B 217.7 14.6 2.8
Hospital(s) C 476.7 198.6 4.9
TOTAL 887.5 274.8 30.3
TOTAL A 1,340.2 81.3 22.6 521.5
B 217.7 1,281.6 349.7 394. 1
C 476.7 198.6 1,006.9 727.1
TOTAL 2,034.6 1,561.5 1,379.2 1,642.7

Note.

Because the population increase between 1976 and 1977/78 was

not taken into account, utilization rates were somewhat over-

estimated.



the availability of the three levels of care. Thus, these results
appear to corroborate a main premise of this study: geographic varia-
tions in patients’ cére-seeking behaviours follow a logical pattern in
relation to the levels of care available in their district of origin.

4.2.3 fEstimation of Provincial Utilization Rates by Levels of Care

The estimates of patient flow rates were analysed under two
models, which were perceived by the investigator to reasonably approxi-
mate reality. Two sets of per capita utilization rates by levels of
care were derived. These two models and the associated sets of utili-
zation rates (Models A and B) were based on -different assumptions
regarding the nature of patient flows.

Model A. Calculation of utilization rates associated with Model A
was based on the following four assumptions.

1) Outflows from Class Y DISTs to Class C HCSPs were entirely due to
tertiary care (Level III) requirements.

2) Outflows from Class X DISTs were due éither to secondary (Level
II) or tertiary (Level IIX) requirements.

3) A1l primary (Level I) rquirements for Class X DISTs' residents
were satisfied by Class A HOSPs within those DISTs. _

4) Requ{rements for Level I, II, and III care variea aross the three
Classes of DISTs. These variations (measured in PDAYs per 1000 per-
sons-year) are directly proportional to the total utilization rate for
each Class of DIST and reflect class-specific geographic and climatic
considerations. In other words, Level I, II, and III utilization rates
include non-medical care requirements that are unique for each Class of
DIST. For example; due to the extended travel distances involved and

relative lack of specialized support services in rural communities,
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physicians in rural areas (X DISTs) are possibly inclined to hospita-
1ize patients. in Tocal HOSPs more F%equent1y as compared with physi-
cians in urban centres (Z DISTs) where specialized services are readily
available within a few minutes travel time. Similarly, patients from
Class X DISTs may be hospitalized for diagnostic tests because of the
distance between their residence and the HOSP, while it may be more
feasible to diagnose and treat patients from Class Z DISTs on an out-
patient basis.

In accordance with these assumptions, Class X, Y, and Z DISTs uti-
lTization rates by levels of care for Model A were then determined as
follows: 1) total utilization rates for each class were equated with
the sum of the flows within and outside DIST HOSPs respectively; 2)
basic Level III utilization rates were equated with the outflow of
patients from Class Y DISTs seeking care in Class C HOSPs; 3) - basic
Level I utilization rates were equated with the flow of patients within
Class X DISTs seeking care in Class A HOSPs; 4) these basic Level I
and TII utilization rates were then prorated by the total utilization
rate for each Class of ODIST; and 5) Class-specific Level I[I
utilization rates were equated with the difference between total utiii-
zation rates and the sum of Level [ and Il utilization rates for each
class of DIST. The calculations related to these five steps are pre-
sented in Table 10.

Model A utilization rates by levels of care (in PDAYs per 1000
. parsons-year) and corresponding total PDAYs estimates are summarized in
Table 11. For the three levels of care, utilization rates were highest
for those DISTs with only Level I services within their boundaries and

lowest for those DISTs with three levels of care available. It was

(-
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TABLE 10

CALCULATIONS TO DERIVE MODEL A UTILIZATION RATES
(unit: PDAYs/1000 Persons-year)

Step 1: Total Class-Specific Utilization Rates (PDAYs/1000 persons-

year).
DIST Class X...R(X) = 2,034.6 )
Y...R(Y) = 1,561.5 !

Step 2: Llevel IIl Utilization Rate or R(III)
R(III). . . . R{Y,III) = 198.6 (Assumption
Step 3: Llevel I Utilization Rates or R(I)

R(I)e « o« « R(X,I1) # R(X,I11) = 217.7 + 476.7 = 694.4 (Assumption
therefore..... R(X,I) = 2034.6-694.4 = 1340.2 (Assumption

Step 4: Prorating R(I) & R(II) by Class Specific Total Utilization

Rates
R(Y,I). . . « .R(Y) x R;X,I) = ]1561.5 x 1340.2 = 1028.6 (Assumption
R(X) 2034;5
R(Z,I). . . . «R(Z) x gxglg = 1379.2 x 1340.2 = 908.5 (Assumption
2(X) 2034.86
R(X,III). . .R(X) x RSX!IIII = 2034.6 x _198.6 = 258.7 (Assumption

R(Y) 1561.5

R(Z,III). o «R(Z) x R(Y,III) = 1379.2 x 198.6 175.4 (Assumption

R(Y) 1561.5

Step 5: Level Il Utilization Rates or R(II)

R(X,II) 1,340.2 - 258.7 = 435,

L]

3

———

>

~—
[

- R(X,I) - R(X,III) = 2,034.6

R(Y,II) = R(Y) - R(Y,I) - R(Y,III) = 1,561.5 - 1,028.6

908.5 - 175.4 = 295,

R(Z,IT)

R(Z) - R(Z\1) - R(Z,111) = 1,379.2

Note. Basic-utilization rates taken from Table 9.

S

7

198.6 = 334.5

3* R

114



115

TABLE 11

LEVELS OF CARE UTILIZATION RATES UNDER MODEL A
(Units: PDAYs/1000 Persons-Year)

DISTRICTS _ MODEL A UTILIZATION RATES
CLASS  S.P.2 CEVEL | CEVEL 11 LEVEL III TOTAL
X.  1,375.7 1,340.2 435. 7 258. 7 2,034.6
(1.843.7)b  (599.3) (355.9) (2,798.9)
Y 369.9 1,028.6 334.4 198. 6 1,561.5
. (380.5) (123.7) (73.4) (577.6)
7 1,930.8 908.5 295.3 175.4 1,379.2
(1,754.1) (570.2) (338.6) (2,662.9)
Alberta 3,676.4 (3,978.3)  (1,293.2) (767.9) (6,039.4)
Percentage of PDAYs (65.9%) (21.4%) (12.7%) (100%)

aservice Population estimates are listed in units of 1000 age-sex
adjusted persons-year for the 24 wonth study period.

bPPDAY estimates in units of 1000 days, corresponding to the
utilization rates, are provided in brackets. These estimates were
obtained by multiplying the utilization rates by the S.P. estimates for
each class of districts and represent Pdays for the 24 month study
period. :



estimated that in total 2,034.6 PDAYs were wuysed per 1000 persons year

1000 persons-year by residents of (Class Z DISTs (Table 11). Using
rates for Z DISTs as a baseline, utilization rates for Y DISTs and X
DISTs are approximately 13% and 47% higher, respectively, across all
three levels of care. As a percentage of the total PDAYs used in
Alberta, Model A utilization rates corresponded to 65.9% for Level I,
21.4% for Level II, and 12.7% for Level [II services (Table 11).

Model B. A second set of utilization rates were derived based on
the same assumptions (i.e., Assumptions 1-3) as Model A with the
following exception. It was assured that Albertans have similar
requirements for secondary and tertiary care, irrespective of their
district of origin; therefore, variations in total utilization rates
across the Classes of DISTs were related only to disparities in primary
care requirements associated with geographic conditions unique to Class
X, Y, and Z DISTs (Assumption 5).

Equations were fornulated, congruent with these assumptions. The

known values were the standardized flows of patients seeking care with-

The five unknown values were Le§21 [ utilization rates for DIST Classes
X, Y, and (denoted as R(X,I), R (Y,I), R(Z,I)) and Level II and Level
I1I utilization rates (denoted as R(II), R(III)) which were assumed to
be constant across the three Classes. Using the inter-class patient
flow rates (Table 9) and the five assumptions, the following equations
were formulated:

(1) R(X,I) + R(II) + R{III) = 2,034.6

(2) R(Y,I) « R(IT) + R(III) = 1,561.5
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(3) R(Z,1) + R(I1) + R(III) = 1,379.2
(4) R(II) + R(III) = 694.4 Assumption 2 + 5
(s) R(I11) W = 198.6 ' Assumption 1 + 5

Equations (1), (2), and (3) were derived from total utilization

rates for DIST Classes X, Y, and Z respectively. Equation (4) was:

based on outflows to Class B and C HOSPs from X DISTs, and equation (5)
was based on outflows from Class Y DISTs to Class C HOSPs. By solving
these five equations simultaneously, Model B utilization rates by
levels of care were estimated (Table 12). In accordance with the
assumptions, rates of utilization for Level [I (495.8 PDAYs per 1000
persons-year) and Level III (198.6 PDAYs per 1000 persons-year) were
constant for the three Classes of Dlg\sg Differences in total utili-
zation rates were attributable to variations in Level [ care require-
ments. Level [ utilization rates ranged from a high of 1,340.2 PDAYs
per 1000 persansyéar for Class X DISTs to a low of 684.8 PDAYs per 1000
persons-year for Class Z DISTs. Based on Model B utilization rates,
total PDAYs in Alberta during the two year study period were designated
as: 1) 57.7% Level [ care; 2) 30.2% Level II care; and 3) 12.1%
Level III care (Table 12).

4.3 Estimation of BULPS

Model A and B estimates of utilization rates by levels of care
were applied to the SP of the six REGIONS (GP, ED, CL, RD, LB and MH)
in qusr to Eﬂmpi1é two sets of bed utilization profiles for the 121
HOSPs in Albirta (BULPs). The fo119wing*aﬁ31y§es were undertaken in
deriving the;tua sets of BULPs: 1) determination of the 5Ps for each

of the six REGIONS; 2) derivation of the PDAYs generated by the resi-

dents of each REGION; 3) allocation of the patient days by levels of
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LEVELS OF CARE UTILIZATION RATES UNDEé MODEL B
PDAYs/1000 Persons-Year)

(Units:

TABLE 12

DISTRICT MODEL B UTILIZATION RATES
CLASS S.p.a LEVEL 1 LEVEL II LEVEL III TOTAL
X 1,375.7 1,340.2 495.8 198.6 2,034.6
(1,843.7)b (682.1) 273.1) (2,798.9)
Y 369.9 867.1 495.8 198.6 1;5._
(320.8) (183.4) (73.4) (577.6)
z 1,930.8 684. 8 495.8‘ 198. 6 1,379.2
(1,322.2) (957.4%~  (383.4) (2,662.9)
Alberta 3,676.4°  (3,486.6) (1,822.9) (729.9) (6,039.4)
Percentage of PDAYs‘ (57.7%) (30.2%) (12.1%) (100%)

dService Population estimates are listed in units of 1000 age-sex
adjusted persons-year for the 24 month study period.

bPDAY estimates in units of 1000 days, corresponding to the
utilization rates, are provided in brackets.
obtained by multiplying the utilization rates by the S.P. estimates for
each class of districts and represent Pday estimates for the 24 month’

study period.

These estimates were
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care to the HOSPs serving the six REGIONs; and 4) conversion of these
patient days to comparable hospital bed equivalents.

4.3.1 Determination of Regional Service Populations

Service populations for the six geographic regions were derived by-

summing the age-sex adjusted SP estimates for those DISTs included
wWithin the boundaries of each REGION. The provincial service popu-
{ation of 3,676,400 persons-year was then tabulated by DIST Class of
origin within the six REE&ONgi (see Table 13). The two major urban
REGIONs (ED and CL) accounted for 80% of the provincial SP, while the
other 20% was distributed across the remaining REGIONs. Proportions of
the SPs originating in the three Classes of DISTs varied markedly
across the six REGIONs 'see Table 13). The subdivisions of the six
REGIONAL SPs by Class of DIST were then used in estimating the PDAYs by

levels of care.

4.3.2 Estimation of PDAYs by Levels of Care

Estimates of PDAYs by levels of care were calculated by applying
Model A and B utilization rates frowm Section 4.2.3 to REGIONAL Class-
specific SPs. Since Level Il and III services are, by definition, less
readily available within patients' DIST of origin, particular attention
was focused on determining PéAYs for Level II and Il services for each
REGION. These calculations Eielded two sets of REGIONAL estimates of
PDAY% by levels of care (see Model A - Table 14; Model B - Table 15).
For example, according to Table 13, the SP of Grande Prairie consisted
of 18.9 x 103 and 51.7 x 103 persons- year for Class X and Class Y
DISTs, respectively. Therefore, according to Model A the number of
Level Il PDAYs required for the X Class DISTs in this REGION are 18.9 «x

103 persons x 435.7 per 1000 persons-year = 8.2 x 103 PDAYs. For Y
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TABLE 13

REGIONAL DISTRIBUTION OF SERVICE POPULATION BY DISTRICT CLASS
(Unit: 1000 persons-year)

REGION S.P. BY CLASS OF DISTRICT

X Y Z T TOTAL %
Calgary 154.9 0 965.1 1,119.0 30.5
Edmonton 846.3 0 978.5 1,824.8 49.6
Lethbridge ‘141.1 140.3 0 281.7 7.7
Red Deer. 176.6 85.0 0 261.6 7.1
Medicine Hat 24.9 93.0 0 117.9 3.2
Grande Prairie 18.9 51.7 0 70.5 1.9
Alberta 1,362.9 370.0 1,943.6 3,676.4 100%
Percentage 37.1% 10.0% 52.9% 1002




TABLE 14

COMPOSITION OF REGIONAL PDAYs BY LEVEL OF CARE AND.

DISTRICT CLASS UNDER MODEL A (Unit: 1000 PDAYs)

LEVELS OF _ DISTRICT CLASSES
REGION CARE X Y z TOTALS
G.P. I 25.3 53,2 0.0 78.5
I 8.2 17.3 0.0 25.5
Il 4.9 10.3 9.0 15.2
TOTAL 38. 4 80.8 0.0 119.2
R.D. I 236.7 87.4 0.0 324.1
11 76.9 28.4 0.0 105. 3
111 45.7 16.9 0.0 62.6
TOTAL 359.3 132.7 0.0 492,0
L.B. I 189.1 144,3 0.0 333.4
I 61.5 46.9 0.0 108. 4
4§ 36.5 27.9 0.0 64.4
TOTAL 287.1 219.1 0.0 506. 2
M. H. o 33.3 95.7 0.0 129.0
' 11 10.8 31.1 0.0 41.9
111 6.4 18.5 0.0 24.9
TOTAL 50.5 145.3 0.0 195.8
E.D. I 1,134.2 0.0 889.0 2,023.2
I . 368.7 0.0 289.0 657.7
11 218.9 0.0 171.6 390.5
TOTAL  1,721.8 0.0 1,349.6 3,071.4
C.L. I 207.6 0.0 876.8 1,084.4
11 67.5 0.0 285.0 352.5
111 40.1 0.0 169.3 209. 4
TOTAL 315.2 0.0 1,331.1 1,646.3
-Alberta [ 1,826.2 380.6 1,765.8 3,972.6
I 593. 6 123.7 574.0 1,291.3
111 352.5 73.6 340.9 767.0
TOTAL  2,772.3 577.9: 2,680.7 6,030.9
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TABLE 15

COMPOSITION OF REGIONAL PDAYs BY LEVEL OF CARE AND
DISTRICT CLASS UNDER MODEL B (Unit: 1000 PDAYs)

#
LEVELS OF DISTRICT CLASSES
REGION CARE X Y 7 TOTALS
G.P. I 25.3 44.8 .0 70.1
11 9.4 25.6 0.0 35.0 .
198 3.8 10.3 9.0 14.1
TOTAL 38.5 0. 7 0.0 119.2
R.D. I 236.7 73.7 0.0 310.4
II 87.6 42.1 0.0 129.7
11 35.1 16.9 0.0 52.0
TOTAL 359.4 132.7 0.0 492.1
L.B. I 189.1 121.7 0.0 310.8
I1 70.0 69. 6 0.0 139.6 .
111 28.0 27.9 0.0 _55.9.
TOTAL 287.1 219.2 0.0 506. 3
" M.H. I 33.4 80.6 0.0 114.0
11 12. 4 46.1 0.0 58.4
111 5.0 12.5 0.0 23.5
TOTAL 0. 8 145.2 0.0 195.9
E.D. I 1,134.2 0.0 670. 1 1,804.3 2
I - 419. 6 0.0 485.1 904.7
111 168.1 0.0 194.3 362.4
TOTAL 1,721.9 0.0 1,349.5 3,071.4 °
C.L. ~ I 207.6 0.0 660. 9 868.5
i II 76.8 0.0 478.5 555. 3
111 30.8 0.0 191.7 zzz 5
TOTAL 315.2 0.0 1,331.1 646. 3
Alberta I 1,826.3 320.8 1,331.1 ° 3,478.1
‘ 11 675.8 183.4 963. 6 1,822.8
111 270.8 73.6 ~386.0 730.4
TOTAL 2,772.9 577.8

2,680.7 6,031.3



Class DISTs, the number of PDAYs generated for Level II care are 51.7 x
103 persons x 334.3 per 1000 persons-year = 17.3 x 103 PDAYs (Table
14). Using the same approach, Model B provides 9.3 x 103 and 25.6 «x
103 PDAYs for Level Il care for Class X and Y DISTs, respectively, in
Grande Prairie REGION (see Table 15).

4.3.3 Allocation of Utilization Estimates to Hospitals

The next stage in the development of the BULPs was to allocate the
utilization estimates in PDAYs by levels of care among HOSPs in each of
tﬁ; six REGIONs. To achieve consistency in the distribution of these
ﬁDAYs, a series of allocation steps was followed.

PDAY estimates by levels of care for those REGIONS, which are com-
prised of Class X and Y DISTs and encircle Class A and B HOSPs (i.e.,
GP, MH, RD & LB REGIONS), were distributed among hospitals as follows:

Step A.l. A1l Level Il PDAY estimates for each REGION were allocated

to those Class B HOSPs located within that REGION. For LB SEGIDN;
which contains two Class § HOSPs (Municipal and St. Michael's Hospi-
-tals), Levei II PDAY estimates weré allocated in prgpartiaﬂ to inflows
of patients to these Class B HOSPs from all DISTs comprising the LB

REGION (but excluding Lethbridge District where the two hospitals are

&

situated).

Step A.2. Leyl III PDAY estimates for these four REGIONs were distri-
buted among Class C HOSPs situated in other REGIONs (ED and CL REG-
IONS).  These PDAYs were allocated in proportton to the inflow of
patients to these Class C HOSPs from the DIST in which the REGION's
Class B HOSP(s) is {(are) located. !

Steg A. 3. Leng 1 PDAY estimates for Class B HOSPs in these REGIONs

were determined by subtracting Level 11 PDAY estimates from total PDAYs



for the Class B HOSPs. By definition, all PDAYs incurred in Class A
HOSPs in these four REGIONs were designated as Level I.

Allocations of Level I, II, and III PDAY estimates for REGIONs

confounded by flows of patients seeking three levels of care from C]ass
A, B, and C HOSPs located in these REGIONs. To overcome thesg compli-
cations, the following allocation approach was taken.

step B.1. Initially, Level Il and IIIl PDAY estimates were assigned to
Class B and C HOSPs within these REGIONs. These allocations were pro=
portipnal to the inflows of patients to Class B and C HOSPs in the ED
and CL Districts, respectively, from those Class X DISTs within each
REGION (excluding those DISTs in which Class B8 and C HOSPs were situ-
ated). -

Step E.2. Level III PDAY estimates for ED and CL REGIONs were then
allocated separately to Class C HOSPs in these REGIONs (by definition B

HOSPs do not provide Level III care). These alldcations were in pro-

portion to thallaflows of patients to ED and CL REGIONs' Class C HOSPs ,

respectively, m Class Y DISTs which encompass Class B and possibly
Class A HOSPs (GP, RD, LB and MH DISTs). The rational being that since
Levels I and Il care are available, only residents requiring Level III
care would flow out to ED and CL REGIONs.

Step B.3. Subsequently, the allocation of Level Il PDAY estimates to
Class B and C HOSPS within ED and CL REGIONs was made by subtracting
the Level III allocations (determined in Step B.2) from the initial
total Level Il and III allocations (derived in Step B.1).

Step B.4. Once Level II and III allocation rules were implemented,

Level I PDAYs were distributed among HOSPs in these REGIONs. PDAYs
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associated with Class A HOSPs were, by definition, designated as Level
I. For Class B HQSPs, Level I PDAYs were determined by subtracting
Level II PDAY estimates from the total PDAYs for each Class B HOSP.
Level I PDAY estimates for Class C HOSPs were obtained by subtracting
Level II and IIl PDAY allocations (derived in Step B.2 and B.3) from
" total PDAYs associated with each Class C HOSP.

These allocation steps were applied in order to distribute the two
sets of regional utilization estimates (Models A & B) in PDAYs by lev-
FE]S of care among Class A, B, and C HOSPs. The resulting PDAYs by Tev-
els of care associated with different HOSP are summarized in Table 16.

4.3.4 Delineation of Hospitals' Beds by Levels of Care

The final stage in development of the BULPs was to translate the
PDAY estimates derived in the previous section into corresponding pro-
portions (or numbers) of beds for each HOSP. To achieve these esti-
mates, PDAYs by levels of care were converted to a proportion of the
total PDAYs for each HOSP and then multiplied By the number of beds-in
each HOSP. As a result two BULPs, Sased on Models A and B, were
compiled for every HOSP in Alberta.

The two sets of BULPs are listed in Table 17. Of the 11,629 acute
care beds in Alberta, 7,821 (67.3%) and 6,957 (59.8%) based on Model A
and Model B respectively were designaﬁed as providing Level I services.
In total, 1,468 (12.6%) using Model A and 1,406 (12.1%) using Model B

were identified as Level IIl beds. The remaining 2,340 beds (20.1%)

for Model A and 3,266 beds (28.1%) for Model B were listed as Level II

beds. Although, Models A and B were based on different assumptions,

similar numbers (or proportions) of beds were designated as Level III.
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The differences were associated with the allocation between Levels I
and I1. In Chapter V the utility of Model A and B BULPs is evaluated.

Upon reviewing Table 17, four atypical BULPs are in evidence (Mod-
el A - Dr. W.W. Cross Cancer Hospital; Mode! B - Alberta Children's
Foothills Provincial, and Dr. W.W. Cross Cancer Hospitals). Based on
the BULPs derived, it appears that these hospitals do not pfﬂQidg Level
[ and/or Level II care. The Dr. W.W. Cross shéus a4 consistent pattern
between Models A and B (i.e., no beds designated to Levels I and 11).
This may be due to the fact that the Dr. W.W. Cross Cancer Hospital
serves only as a referral hospital for a diagnostic - specific group of
diseases. The Alberta Children's and Foothills Provincial Hospitals
differ between Models A and B BULPs in that, using Model A, both hospi-
tals have Level | beds; while these hospital have only Level I and III
beds under Model B. These hospital are also considered to be tertiary
referral centres. However, these inconsistencies across the two model s
are not readily explained.
4.4 Summary

Based on the conceptual framework developed in Chapter [II, pat-
ient origin-destination utilization pattérﬁg were analysed and results
were used to derive two sets of BULPs fer the 121 HOSPs in Alberta. As
part of this developmental process, thé appropriateness of the geogra-
phic units of analysis se1§§Pgﬂ for this study was evaluated, and two
sets of provincial utilization rates for primary, secondary, and tert-
fary hospital services (Models A and B) were determined. The devel op-
ment of the BULPs represents an initial attempt to use geographic vari-
ations in patient utilization patterns to determine the number or pro-

portion of beds in each hospital used for the different levels éf care.
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The major findings associated with the developrment of these BULPs, are
listed below.

1) Movements of patients within Alberta tend to ccgfarm to the three-
tier hierarchical configuration of service constituencies (DISTs, REG-
IONs, REFERRAL AREAs) which were used as the geographic units of analy-
sis in this study.

2) The tendency for patients to minimize distance when seeking hospi-
tal services was substantiated with 78.75% of all patient SEPs assoc-
jated with HOSPs located within patients' DIST of origin.

3) The ALOS of patients seeking care outside their DIST of origin sur-
passed that of patients §eeking care within their area of CIST éxcegt
for the two urban districts (ED andVCL).

4) The ALCS of patients in different Classes of HOSPs increased dir-
ectly with the levels of care avatlable. These results tend to support
the assumption that HOSPs providing higher levels of service (based on

the conceptual framework) serve more seriously i11 patients who reﬁui%e
4 e

a different array of services. Jhese results also indicate that com-

parisons of_hospital‘utilization based on SEPs may be systematically
biased across the three Classes of HOSPs in terms of ALOS. |

5) Patients originating from DISTs with lower level services have
shorter ALPS within their DIST HOSPs, but high total rates of utfili-
zation in PDAYs per 1000 persons-year, as compared wvith patients from

DISTs with higher levels of care available (Table 7 & 9). [If LOS is

deemed t0 be a reflection of the seriousness of a patient's iliness, it

would appear that patients from DISTs where higher levels of care are
more readily available tend to be hospitalized for more serious illnes-

ses, pos:ibly due to the application of more stringent admission cri-
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“teria in urban areas. Thus, it would appear that patients' clre-
seeking behaviours follow a distinct pattern in relationship to the
levels of care available in their DIST of origin. ‘

6) Although different assumptions were used, Models A and B produced

remarkably similar results, with the exception of a number of specific

hospitals. Furthermore, the results appear to confirm the author's

general perception regarding levels of care based on size, location,

teaching status, or specialization of hospitals.
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CHAPTER V
AN EVALUATION OF BED UTILIZATION BY LEVELS OF CARE PROFILES (BULPs)

In Chépter V, the utility of BULP measures developed in the prev-
ious chapters is evaluated in terms of the allocation and consumption
of resources cormensurate with the level of service provided. The BULP
methadgiagy could also be of value in assessing utilization patterns
associated with a particular reqion, service Qgpuiatian (e.g., paediat-
rics, geriatrics) or hospital, and in planning the equitable allocation
of beds. In an initial attempt to explore these potential applications
@% BULPs, a series -DF multiple regression analyses was undertaken.
These analyses were intended to ascertain the relative utility of Model
A or Model B BULPs (either as raw bed numbers or as percentage equiva-
lents) in explaining interhospital operating cost variations. The doc-
umented positive relationship between hospital operating costs and
case-mix complexity (e.g., Lave & Lave, 1970; Evans & Walker, 1972;
" Watts & Klastorin, 1980) provided a tasis for this evaluation. In this
regard, Model A and Model B BULPs were designated as proxy measures éf
interhospital diFfEFEHEES'iﬁ the complexity of patients treated.

5.1 Strategy for the Evaluation

Evaluation of the BULPs was a secondary focus uﬁdertakén in sup-
port of the central purpose in this exploratory study; that 1{s, the
care in accordance with geographic variations in hospital utilization
patterns. Empirical validation based on objective data is essential in
establishing the utility of any new methodology. The initial phase in
evaluating the BULPs consisted of an investigation of the assag;atian

between various measures of hospitals' operating costs and BULPs. A
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more indepth assessment of the BULP concept, and the methodology devel-
oped in this study, could involve "expert” assessment of the resuits
based on a concensus-reaching method such as the Delphi technique (Lin-
stone & Turoff, 1975) or more extensive analysis wusing econometic
wiodels. This type of assessment was, however, ccnsideréﬂ to be beyond
the scope of this study. Given the limitations of ‘this study, only a
preliminary evaluation was undertaken. Further evaluation of this
methodology 1is necessary to ensure acceptande by professionals and
g research.

5.2 Hospital Operating Costs

Various hospital operating cost statistics formed the data base
for evaluating the BULPs. A description of these data and the distri-
bution of costs across hospitals in Alberta is présented in the

following sections. ‘

5.2.1 Haspita1,FinaﬁciaTAQ§ta

Financial data for 120 Alberta HOSPsS were abstracted from the

Annual Return of Health Facilities - Hospitals Part One (Annual Ret-
. -
urns) for the fiscal years ending March 31, 1978 and 1979. These data

are submitted annually, by each HOSP, to AHMC for administrative and
statistical purposes.

Several limitations werei;ssaciated with these data: 1) heépita1
operating costs are tabuiateﬁ by types of expenditures (e.gi: salary
costs, drug costs, medical and surgical supplies, employee benefits),

and 2) by major departments/services (i.e., Nursing, Diagnostic and

SFinancial data for one 50 bed haspita1rﬁérg not available. There-
fore, only 120 of the 121 HOSPs were considered in these analyses.
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and Therapeutic, Special Research, Educational Programs, Administrative
and Supportive Services). Costs for specific services (or programs)
such as intensive care or cardiovascular surgery are not isolated.
Also, these data include outpatient costs which may distart, minimally,
ient utilization was not considered in other aspects of this research

design. While it would have been preferrable to have more detailed

data so that the cost of individual service units and the impact of"

outpatient activity could be determined, such specific data were
unavailable. Thé reliability and validity of these data are dependent
upon adherence to the established reporting critéria by the various
hospitals' personnel. .

Two other aspects of these financial data should be noted: 1)
the AHMC financial year end was modified in 1977 resulting in a 15
month recording period (January 1, 1977 ;Q'Harch 31, 1978), and 2) the
year end for the financial data {March 31) did not coincide with the
year end for the PAS utilization data (December 31). To account for
the extended recording period, 1977-78 operating costs were prorated.
Regarding the PAS data, it was anticipated that a three month differ-
ence in year ends would not have an appreciable effect on the results
of this study as it represents only a three month time lag on two years
of data.

5.2.2 Distribution of Operating Costs

During the 24 month study period there were 781,128 SEP (5,828,101

6SEPs and PDAYs used in the financial analyses were obtained from the
Annual Returns. Due to minor differences in the compilation criteria,
the PDAY and SEP estimates reported in the Annual Returns and those
compiled from the PAS Abstracts for the same recording period differ
slightly.
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Operating costs in the corresponding 120 HOSPs totalled approximately
$834 nillion. On a province-wide basis, the average operating costs
were $36,000 per bedzyear, $1,067 per SEP or $143 per PDAY. As i}?ustg
rated in Table 18, three major hospital departments incurred 95.8%7 of
the operating costs (i.e., Diagnostic and Therapeutics, 21.0%; Nursing,
35.1%; Administration and Support Services, 39!72)5A Exﬁenditures on
Research and Education were limited to two and 16 hospitals respect-
ively, indicating the restricted applicability of these departmental
cost EQEEQDF;ES as currently defined and/or the limited funding of
research and education activities in hospitals in Alberta.

Substantive variations exist among these hospitals in terms of the
number of beds, total operating costs, and other unit costs per hospi-
tal (Table 19). Particularly noteworthy were disparities in costs per
PDAY and costs per SEP which ranged from a low of $360.62 per SEP
($72.77 per PDAY) to a high of $4,458.31 per SEP»(S457!76 per PDAY).
It would seem reasonable to speculate that these cost variations could
be associated with differences in éie level of care provided.

5.3 Regression Models

A series of multiple regressicn.ana1;ses was completed in‘order to
evaluate and compare the BULPs; these analyses were based on different
sets df dependent (cost measures) and independent variables (bed neas-
ures). The resulting regression values were used in assessing the uti-
lity of Model A and B BULPs in explaining interhospital variations fin

operating costs.

5.3.1 Dependent Variables

ures) were used: 1) total operating costs; 2) average costs per
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TABLE 18 .

HOSPITAL OPERATING COSTS IN ALBERTA BY MAJOR DEPARTMENTS
FOR THE STUDY PERIOD APRIL 1, 1977 - MARCH 31, 1979

(n = 120) ‘
____Operating Cost Measures?
Major Costs/ Costs Costs Per-
Departments Total Bed-Year  /SEP /PDAY Centage
- _ (s1,000)  (s1,000) ($)  (3) (%)
Nursing 292,954.4 12.6 375.04 50. 27 35.1
Diagnostic &
Therapeutic 175,415.8 7.6 224,57 30.10 21.0
Administration & .
Support Services  33(,687.3 14.3 423.33 56. 74 39.7
Education 32,021.4 1.4 40.99  5.49 3.8
Research 2,550.0 0.1 3.26 .43 0.3
Alberta ~ 833,629.9 36.0 1,06€7.28 143.03 100.0

Note. Data were derived from the Annual Return of Health Care

Facilities - Hospitals Part [ for fiscal years ending March 31,
1978 and 1979. '

aNumbers of SEPs (781,128) and PDAYs (5,828,101) were obtained
from the Annual Returns. DOue to minor differences in compilation
criteria, estimates of SEPs or PDAYs vary slightly between those
reported in the Annual Returns and the PAS separation abstracts.
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TABLE 19

ODISTRIBUTION OF THE NUMBER OF BEDS, SEPARATIONS,
PATIENT DAYS, AND OPERATING COSTS

(n = 120)
Measure Minimun Maxirum Mean Range

Beds/year 8 1,236 96. 5 1,228
Total Costs/
yey ($1,000) 169.1 59,447.0 3,474.7 59,277.8
SEPs/year } 91 40,304 3,255 ¢ » 40,213
PDAYs/year 1,666 365,008 24,283 313,342
Costs/SEP ($) 360. 62 4,458. 31 914.85 4,097.69

Costs/PDAY ($) 72.77 467.76 119.55 * 394.99

Note. These data were collected over a 24 month time frame. Thus, the
measures listed represent average values per year, per SEP, or
per Pday based on the 24 month period.



PDAY; and 3) average costs per SEP. In addition, these three primary
cost measures were subdivided by major departmental groupings (i.e.,
Nursing (NSG), Diagnostic/Therapeutic (DIAG), and Administration/ Supp-
ort Services (ADM)) as a means of exploring, in more detail, the asso-
ciation between the BULPs and operating costs’/. As listed below, a
total of 12 different cost measures (3 sets) were used as dependent
variables. !

Dependent Variables Sets

TOTAL COSTs Average COSTs Per SEP  Average COSTs Per PDAY
TOTAL TOTAL/SEP . TOTAL /PDAY
¢ NSG NSG/SEP "NSG/PDAY
DIAG DIAG/SEP : DIAG/PDAY
ADM ADM/ SEP ADM/PDAY

" 5.3.2 Independent Variables

The following five sets of bed measures were designated as inde-
pendent variables.
Independent Variable Sets
1) Total numbers of rates beds in each hospital as a proxy measure of
hospital size (BEDS).
2) Total numbers of rated beds by three levels of care, BEDAl, BEDAZ,
BEDA3, based on Model A (BEDA).
3) Total numbers of rated beds by three levels of care, BEDBl, BEDBZ2,

BEDB3, based on Model B (BEDB).

—— - - 2 e

TCost tbreakdowns for Research and Education were not attempted
because this information was not available for many hospitals froi
the Annual Returns.
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4) Proportional estimates of beds by three levels of care, PAl, PAE;
PA3, derived from Model A (PA).
5) Proportional estimates of beds by three levels of care, P81, PBZ2,
PB3, derived from Model B (PB).
These different sets of independent variables were used to compare the
usefulness of BULPs in explaining the variation in cost behaviours
across hospitals.

5.3.3 Specification of the Regression Analyses

were undertaken based on various combinations of these sets of depend-
ent and independent variables.

Specification I. Traditionally hospital costs have been investi-

this approximates hospital size. This approach provicdes an estimate of
marginal cost per bed. The difficulty with this approach is that it is
based on the implicit assumption that hospital beds are more or less
equivalent vis & vis the levels of care provided;, the major focus of
this study was to challenge this implicit assumption by developing a
methodology (BULPs) which differentiates among hospital beds by levels
of care. Thus, BEDS wasiused to establish a baseline for comparing the
results from the four remaining independent variable sets which are
based on the BULP concept. The regression model used was:
Y=Bo+ 81X +E (1)

where Y represents the dependent variable and assumes the value of
TOTAL, NSG, DIAG, or ADM coét ineasures and X represents tRe independent

bed measure, BEDS.
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. Specification II. The second series of specifications used TOTAL

COSTs as the dependent variable set and Model A or Model B BULP meas-

ures expressed in numbers of beds as the independent variable sets,

such that:
y =00+ B1.X1 +82X2+8B3x3+E (2)

where

y assumes the value of TOTAL, NSG, DIAG, or ADM.

X] represents the number of beds in Level I (BEDA1l or BEDB1)

X2 represents the number of beds in Level [I (BEDA2 or BEDB2)

X3 represents the number of beds in Level IIl (BEDA3 or BEDB3)
From these analyses, it was possible to compare the relative explana-
tory value of BULPs under Model A or B, as well as determining the mar-
ginal costs associated with changes in bed number for each level of
care {Nie, Hull, Jenkins, Steinbrenner, & Bent, 1975).

Specification I1I. Some limitations were associated with Specifi-

cations I and Il in that extreme variability in the size of hosbita1s
(i.e. 8 beds to 1236 beds) and total cost measures (i.e., $169,149 to
$59,277,810) appeared to overshadow the potential association between
costs and levels of care. In order to control for the daminant influ-
ence of hospital size, it was determined that unit costs (costs per SEP
or PDAY) rather than total costs would be more meaningful. However,
other researchers have régressed unit costs on BEDs without obtaining a
good fit (e.g., Wallace, 1975), thus suggesting that hospital size
measured in BEDs way not be adequate to‘explain thd variab{i$ty of unit
costs and possible interaction of case-mix differences (or the levels
of care provided). In order to investigate the association between

BULPs and unit costs, it appeared necessary to remove the influence of



hospital size from the BULP measures. This was achieved by using the
percentage form of the BULPs (in lieu of the actual bed numbers); as
such, the PA and PB independent variable sets were employed instead of
BEDA and BEbBi One difficulty inherent in the use of these percentage

variable sets is that, by definition, the three elements of each hospi-

tal specific BULP sum to 100. Consequently, when regression analyses:

were conductad using the standard regression model! with a constant
term, linear dependency problems arose between the three components of
the independent variable sets, PA or P8 (percentages of beds in the
three Tevels of care), and the implicit independent variable associated
with the constant term. In other words, only three of the four para-
meters could be estimated under these conditions. To resolve these
multicolinarity problems, a linear regression model without a constant

term (see Biomedical Computer Programs, Dixon, 1975) was used, such

that
Y =B1 X1 +R2X2+R3X3+E (3)
where
Y assumes unit costs expressed either per SEP or per PDAY (TOTAL/SEP,
NSG/SEP, DIAG/SEP, ADM/SEP or TOTAL/PDAY, NSG/PDAY, DIAG/PDAY, ADM/
PDAY),
X1 represents the percentage of Level I beds;
X2 represents the percentage of Level I beds;
X3 represents the percentage of Level III beds.

Further modification of this specification was necessary because

the computer program available for this analysis (Dixon, 1975) est3i<§

mates multiple correlation using equation (3) above against the re-

stricted equation with 1 = B2 = B3 = 0, where it would be more
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appropriate to use B;. = B2 = B3. To achieve this more correct
form, the dependent variables were converted to the corresponding devi-
ation scores {i.e., the uﬁueighted mean value was subtracted from each
set of dependent variables).8 In addition, standard regression
anai;§e§ using the unit cost measures (costs/SEP & costs/PDAY) and the
independent variable, BEDS, were run. .Th; results of these analyses
provide a baseline for assessi%é Specification IiI results where the
hospital size factor is removed from the BULP measures (PA & PB inde-
pendent variable sets).

5.4 Regression Analyses - Results and Discussion

Results of the regression analyses, based on the three sets of
specifications, are discussed according to their usefulness in explain-
ing operating éast variations among HOSPs measured in TOTAL COSTs,
COSTs per SEP, and COSTs per PDAY.

§.4.1 TOTAL TOSTs and BEDs

The results of the regression analyses under Specification [ are
presented in Table 20. As expected the R square values were very high
(0.90 =x=0.99) suggesting a good fit of the regression equation when
. BEDs is used as the independent variable. Nonetheless, as noted prev-
iously, those results are not surprising given the extreme variations

in hospital size (bed numbers) and associated total costs. The margi-

nal costs per bed were estimated at $43,920, $15,300, $10,400, and

Buithaut this adjustment, the Biomedical ngggter Programs (Dixon,

1975) produces R square values which are overly hijh because the sum
of the squares is evaluated from the origin, rather than from the
mean.
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$14,990 per bed-year for TOTAL, NSG, DIAG, and ADM, respectivelyd.

5.4.2 TOTAL COSTs and BULPs -

The results of regression analyses under Specification Il are also
reported in Table 20. The range of the R squares is 0.96 =20.99 indi-
cating that there was a good fit for the regression equations. I;; is
noteworthy that there were ininimal differences between Model A and B
BULPs, expressed as actual bed numbers (BEDA and BEDB), in terms of
explaining interhospital variations in total costs: when rounded to
two decimal places the R square values were the same. [t is conceiv-
able, however, that the extreme variation in hospital bed numbers and
total costs may have dominated to such a degree that differences due to

Model A or Model B BULPs were obscured. _From these analyses, marginal

costs per bed-year based on Model A were $34,600, $41,500, and $61,200

for Level I, II, and IIl beds, respectively; corresponding costs for
Model 8 were $34,900, $39,000, and 563,000. These results indicate
remarkable agreement between the two Models. The marginal costs for
the major departments (Table 20) were relatively uniform among the
three levels of beds with the notable exception of DIAG costs for Level
IIl beds: the marginal DIAG costs related to Level III beds were
approximately three times larger than those for Level I or Il beds
under Models A and B. These results indicate that substantially

greater diagnostic and therapeutic costs are associated with HOSPs

9The dependent cost measure TOTAL is the sum of the costs for NSG,
DIAG, ADM, as well as Research and Education; the analyses were
carried out independently. Therefore, the cost per bed estimates cal-
culated fromn the regression analyses based onm NSG, DIAG, and ADM do
not sum to the cost estimates obtained from the regression analyses
using TOTAL costs.
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TABLE 20

RESULTS OF REGRESSION ANALYSES INVOLVING TOTAL .
HOSPITAL OPERATING COSTS
(n = 120)
Independent TOTAL TOTAL COSTs by Major Department
Variable Set Costs NSG DIAG ADM

BEDS /
Req. Coeff.? 43.92 15.30 10. 40 14.99
Constant? -1,528.57 -510.88 -547.16 -137.24
R Square 0.97 0.99 0.90 0.98
BEDA
Reg. Coeff.

BEDAL 34,55 15.03 6. 96 13.78

BEDA2 41.48 14,06 6. 66 17.46

BEDA3 61.17 17.13 20.03 14.04 '
Constant -641.85 ¢ -472.76 -189.05 -53.34
R Square 0.99 0.99 0. 96 0.98
BEDB
Reg. Coeff.

BEDB1 T 38,90 15. 03 7.23 14. 00.

BEDB2 38.95 14.34 6.97 16.09

BEDB3 62. 95 17.29 21.88 14.17
Constant -665.66 -474.66 -207.68 =63.79
R Square 0.99 0.99 0.96 0.98

aThe regression coefficients and constant values are expressed in

$1,000 untits.



which provide .Level IIl care. It would appear that the marginal cost
information provided in Table 20 could be very useful for hospitals in
forecasting budget requirements arising from changes in programs which
may alter the utilization patterns associated with their beds.

5.4.3 COSTs per SEP and BULPs

A The results of the regression analyses based on Specification III
and césts per SEP are given in Table 21. It is observed that the R
square value ranged ;rvom 0.08R30.87, suggesting that the relationshib
between BULP measures and unit measures of hospital operating costs (as
quantified by the R square values) varies significantly depending on
the cost centre involved. There is modest association between BULPs
and.TOTAL/SEP costs as evidenced by an R square value of 0.56 for both
Models A and B. Further analyses by major departments indicates that
BULPs have: 1) a uwinimal association with NSG (R square 0.08); 2)
very high association with DIAG (R square 0.86 R20.87); and 3) a mod-
est association with ADM (R square 0.21). Notably, Models A and B
yielded algost identical R square values vhen rounded to two decimal
places. In comparison, BEDS explained minimal interhospital cost vari-
ations with R square values ranging from 0.05=20.07. The poor perfor-
mance of BEDS in accounting for variations in costs per SEP is congru-
ent with the results of other studies (e.g., Schumacher & Horn, 1979,
Watts & Klastorin, 1980). Costs per SEP incorporate the effects of LOS

and hospital occupancy ra.tes. Consequently, the influence of hospital

size (in beds) is minimized and instead the efficient use of beds -

(productivity) is emphasized.
The regression coefficients for PA and PB reveal interesting and

generally similar marginal cost patterns. Unlike the results under
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TABLE 21 4

RESULTS OF REGRESSION ANALYSES INVOLVING,
HOSPITAL OPERATING COSTS PER SEP
(n=120)

[
o

Independent TOTAL Costs/SEP by Major Department
Variable Set Costs/SEP NSG DIAG ADM
Unweighted Meand 914. 85 326.92 144.33 434.4]
PAD
Reg. Coeff.d
PAl -0.85 -0.14 -0.47 -0. 16
PA2 -1.27 1.23 -0.22 -2.18
PA3 33.61 2.76 17.64 9. 86
R Square 0.56 0.08 0. 86 0.21
pab ,
Reg. Coeff. b
PAl -0.83 -0.14. -0.45 -0.15
PAZ -1.52 1.02 -0.61 -1.91
PA3 34.23 2. 66 18.04 "10. 16
R Square 0.56 0.08 0.87 0.21
BEDSC
Constantad 849. 00 307.34 115.91 428.07
Reg. Coeff.d 0. 34 0.10 0.15 .03
R Square 0.05 0.07 0.06 .00

3Regression coefficients and unweighted means are expressed in
dollars ($).

PThe analyses were conducted using dependent variables in the form
of deviations from unweighted means.

CThese analyses were conducted using standard regression format and
BEDS as the independent variable, for camparative purposes.



Speéificatian [T, ADM costs together with DIAG costs contribute signif-
icant1¥ to the difference in costs per SEP between Level Il and III:
the corresponding marginal ADM and DIAG costs are approximately $10.00
and $18.00 per SEP under both Model A and B (Table 21). With the
exception of NSG, where the marginal costs increase gradually across
the three levels of beds, marginal costs for the other cost centres
(i.e., TOTAL, DIAG, ADM) are generally slightly lower for PA2 (or PB2)

beds as compared with PAl (or PB1) beds, and then increase signifi-

cantly for PA3 (or PB3) beds. For example, {f 1% of the total beds

formerly used to provide Level [ care was converted to Level Il care,
$34.46 or $35.06 would be added to the TOTAL costs/SEP using Model A or
B, respectively. These results éay illustrate economies of scale with
respect to basic administrative/support services (e.q., medical rec-
ords, laundry, dietary, central supply, maintenance, general adminis-
trative staff, materiel manageient) and diagnostic/therapeutic services

(e.g., laboratory, pharmacy, radiology, social work, rehabilitation
medicine) that are required to run a hospital of any size. Once a pri-
mary care hospital 1is operational, the addition of beds to provide
secondary level care would nct@ necessarily increase total costs per
SEP. As Sucﬁ. increased costs may be offset by more efficient use of
ADM and DIAG services (economies of scale). The very high regression
coefficient values for Level IIl ADM may be indicative of the high
costs associated with the large numbers of technical and adninistrative
staff required to operate the more sophisticated services uhefe tert-
iary care patients are treated. Due to the small number of patients
using these very specialized services, it could ?e hypathésizad that

optimal economies of scale may not yet exist in the provision of tert-
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iary level services in Abberta. This theorization is supported by the
results of Finkler (1979b), who found that economies of prcéuction for

large hospitals are offset by the failure to achieve economies of scale

on specialized tertiary services, such as cardiac surgery.

5.4.4 COSTs per PDAY and BULPs |

Results af.the regression analyses, based on COSTs per PDAY and
Specification III, paraliel many of the results noted in the preceding
section. The R square values ranged from 0.1920.80, exhibiting simi-
lar resul%s as those obtained in the preceding section using COSTs per
SEP measures (Table 22). Model A and B produced comparable results in
terms of R square values and regression coefficients. Corresponding R
square values using REDS were significantly 1ess‘effective in explain-
ing interhospital variations in costs (R square values ranged from 0.00
=0.12).

The reqression coefficients for PA éﬁd PB variable sets followed
the same patterns as in Section 5.4.3 with one exception: marginal NSG
costs per PDAY values were lowest for Level [, peaked for Level II, and
dropped to a medium value for Level III. Although the R square values
for NSG costs per PDAY (0.19w0.20) were slightly higher, as compared
to using costs per SEP, the marginal cost results and R square values,
in comparison to other cost relationships using BULPs expressed in per-
centages, could n@tsiai?exp1ained within the context of this study.
These unexpected results warrant further investigation.

5.4.5 Summar

Results of these regression analyses lend support to the concept-
ual basis of this study, that utilization patterns are linked to the
\
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TABLE 22

RESULTS OF REGRESSION ANALYSES INVOLVING
HOSPITAL OPERATING COSTS PER PDAY

(n = 120)
Independent TOTAL _Cost's/SEP by Major Department
Variable Set Costs/SEP NSG DIAG ADM
Unweighted Mean?d 119.55 42.81 13.94 56. 80
pAD
Reg. Coeff.d A
PAl . -0.10 -0.02 =0.06 . -0.02
PAE Q! 25 Dé 27 §Di09 iO! 11
PA3 3.29 0.16 1.488 0.91
R Squared 0.62 0.19 0.79 0.20
pBd
Reg. Coeff. -
PAl . 0. 10 -0.02 -0. 05 -0.02
Pi i Gl 09 Q!El Oi 01 : -Q-12
PA3 3.38 - 0.15 1.94 0.95
R Square 0.63 0.20 0.80 0.21
BEDSC
Constant 113. 26 40. 90 15.98 56. 58
Reg. Coeff. 0.03 0.01 0.02 0.00
R Square 0.05 0.12 0.05 0.00

3Regression coefficients and unweighted nmeans are expressed in
dollars ($). -

bThe ana?;ées were carried out using dependent variables in the form
of deviations from the unweighted means.

CThese analyses were conducted using the standard regression format
and BEDS as the independent variable, for comparative purposes.



requirements for different levels of care, which in turn are associated
with variations in the operating costs of hospitals providing different

levels of care. Model A and B BULPs, expressed in actual bed numbers

et

or percentages, yielded similar R square values (ranging between 0.08
== DiQQ)"‘ig explaining interhospital cost variations (measured as
TOTAL COSTs, COSTS per SEP, or COSTs per PDAY). Using either Model A
or B BULPs, only "ﬂiﬁQF" cost variations were apparent between Level I
and Level II bedé.; however, a dramatic increase in costs was associated
with Level IIl beds. The highest proportion of the increments in costs
for Level [II beds was related to large increases in costs for DIAG
services and moderate increases for ADM. In contrast, no consistent
pattera of costs for NSG was evident. From this, one could speculate
that the allocation of nursing resources does not reflect the camplex-
ity of the case-mix in provincial hospitals.

5.5 Hospital Operating Costs by Levels of Care

The preceding analyses provided a basis for projecting hospital
operating costs in terms of TOTAL CO0STs, COSTs per SEP, or COST per
PDAY. The calculation of these estimates is based on the standard lin-
ear equation:

Y = C+ P1Xy + B2X2 + R3X3 + E
where Y is the projected value of the dependent variable (i.e., TOTAL
C0STs, COSTs per SEP, COSTs per PDAY), C is the intercept term or con-
stant which is added to each case; Xj, Xz, X3 are the independent
variables; P is a regression coefficient and represents the expec-
ted change in Y, with a change of one unit in X}, when X2 and X3

are held constant (the same explanation holds for B2 and B3); and E
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is éhe error or the difference between the actual and the projected
- value of Y for each case.
| Projected operating costs for each hospital can b; calcul ated
using Model A and B BULPs nriBEDs variable sets. The basic equations
for these:vériable sets are illustrated below. (As noted in Sectio%
5.3.3, tHé constant term was eliminated when using variable éets’based
on pfqéoﬁtionai estimates of Model A and B BULPs).

TOTAL COSTs Per Hospital ($1,000 units)

éh_ Using the results noted in Table 20, TOTAL COSTs per hospital can.

be projected based on following equations.
BED Y = -1529 + 43.92 X , |
BEDA Y = -642 + 34.5 Xq + 41.48Xp + 61.17X3
BEDB Y = -666 + 34.90 X| + 38.95Xp + 62.95X3

where X, X2.and X3 equal the number of beds used to provide the

three levels of care in each HOSP, and X equals the total number of

beds in each of the 120 study HOSPs. According to these equations,

using BEDA, a change of one bed from Level Il to Level IIl care would

in¢rease the HOSP's operating cost by $19,690 (i.e., [61.17 - 41.48] x

3

§1,000).
TOTAL COSTs Per SEP ($ units)

Using the results provided in Table Zi, TOTAL costs per SEP can be
de}em‘ined as follows:
| PA Y = (-0.85) X} + (-1.27) X2 + (33.61) X3 + 914.85
PB Y = (;3.33) Xy + (-1.52) Xp +4%34,23) X3 + 914,85

where Xy, Xz, X3 equal the proportion of Level I, II, III bedsxin

each HOSP. Using either PA or PB equations, a 1% shift in the propor-

-tion of beds in a HOSP used to provide Level [I] care instead of Level
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I care would increase the cost per SEP by $34.46 and $35.06, respect-

E]

ively. (The unweighted mean ($914.85) must be added because these

regression analyses were conducted using deviation scores {Y-914.8)).

TOTAL COSTs Per PDAY (S units)

Total costs per PDAY can be projected using the following equa-

tions which are derived from the results presented in Table 22:

PA Y = (-0.10) X; + (0.25) X2 + (3.29) X3 + 119.56
PB Y = (-0.10) Xy + (0.09) Xp + (3.38) X3 + 119.56

where X, Xz, X3 equal the percentage of beds in each level of
care for a HOSP and the unweighed mean equals 119.56. For PA and PB
iequatiansi a 1% shift in beds providing Level III care instead of Level
I care would increase average PDAY costs at that HDSF by $3.39 and
$3.48, respectively.

These equations can also be Eaicglate@ based on the costs assoc-
jated with NSG, DIAG and ADM. Cost implications for each department
arising from a change in the allocation or utilization of hospital beds
among the three 1éve1s of care can be derived using these different
variable sets and the regression coefficient values reported in Tables
20, 21, and 22.

5.6 Concluding Summary

In order to evaluate Model A and B BULPs, a series of regression

analyses were undertaken using five sets of independent variables (bed

measures) and three sets of depend variables (hospital operating cost

measures). Four of these bed measures were based, on Model A and B

BULPs, expressed in actual bed numbers (BEDA & BEDB) and in proportions

(PA & PB). The total number of beds in each HOSP (BEDS) formed the
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fifth independent variable set and was used as a baseline in comparing
Model A and B BULPs.

Consistently, BULPs based on ﬁade1s§ A and B explained similar
amounts of the variation in interhospital operating costs with R square
values ranging bgtween 0.08 == 0.99. BULPs were superior to BEDS in
explaining cost variations when conparisons weré made using the same
operating cost measures. fIn this regard, the relative superiority of
the BULPs was most apparent when unit measures of operating costs
(costs per SEP or PDAY) were employed. With unit costs, BULPs accoun-
ted for a large amouﬁt of the variation in DIAG costs (R squares 0.79
=0.87), butswere less useful in explaining unit cost variations for
ADM (R square 0.20=0.21) and NSG (R square 0.08+==0.20) respectively.
One could speculate from these results that, unlike DIAG services, ADM

and particularly NSG are not directly related to the level of care pro-

vided. This situation could exist for a number of reascns including

the possibility that ADM and NSG Sefvices are not allocated rationally,
or alternatively, that a basic level of ADM and NSG services must be
maintained in hospitals which is not neces;ari1y reflective of the
level of care provided to patients.

BULPs analyses of unit costs demonstrated similar marginal cost
patterns for TOTAL COSTs and cost of thé major departments, DIAG and

ADM. In general, the associated maryinal costs were lower for Level II

beds than for Level [ beds, and then increased significantly for Level

IIl beds. These unexpected marginal cost results may be related to the
impact of economies of scale for hospitals providing Level II services.

Inconsistent marginal cost patterns were obtained for NSG.
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Overall, the results of these analyses appear to confirm that hos-
pital bed utilization by levels of care has vaTidity in assessing hos-
pital opefating costs, except for NSG. Further analysis, possibly

using more sophisticated econometric models, is warranted.
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CHAPTER ¥I
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

In Chapter VI the findings of this study, which was undertaken to
derive a methodology for estimating hospital bed utilization by levels
of care, are summarized. An overview of the rationale @&nd approach
taken'in developing the research methodology and the major findings and
conclusions arising from this research are presented. Finally, recom-
méhdations for additional research on this topic are proposed.

6.1 Summary of the Study

Wherein Alberta ranks above the national average in acute care
héspital beds per capita, concerns have been raised that these beds are
not equitably distributed across Alberta (Darnell et al., 1977; Hos-
- pfta] Utilization Committee, 1979). As a result, this study was under-
tal;en with the mnain purpose of developing a methodology, based on
patients' actual care~seekin§ behaviours, from hich area-wide and
hospital-specific estimates of the number (or percentage) of beds used
to provide the three levels of care - primary, secondary, and tertiary
- could be derived. A.major premise of this study was that hospital
beds are not equivalent, insofar as hospitals throughout a large area
support different levels of care. It was anticipated that this method-
ology would be of value to planners, policy initiatoré, and administr-
ators for ensuring more efficient and effective utilization and a]?cs'
cation of hospital beds.

A selected review of the literature was completed in order to est-
ablish a realistic approach for achieving the stated purpose, given the
limited resources available. An overview of the theoretical relation-

ships among need, demand, and utilization provided a basis for under-
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standing the complexities involved in determining the need for differ-

. .
ent levels of acute care hospital services and achieving an eguitatﬁ,e
distribution: of specific Vhéa‘lth resources. Examination of the major
classification wethodologies employed in the health care field served
to place this study in perspective, to clarify fundamental concepts,
and to iﬂustrate.‘the utility of classification approaches. In recog-
nition of the petentq’\ai utﬂi;{y of classification methodologies in ana-
lysing patient wutilization patterns, a review of patient origin-
destination rese‘arch was undertaken. By integrating various components
fr&n these different aspects of the literature, a conceptual framework
and methodology for estimating hospital beds by levels of care was
developed.

Congruent with the exploratory nature of the study, the initial
phaée of the methodology involved the developient of an analytic frame-
work for estimating hospital-specific bed utilization by levels of
care. This was accomplished by *Fir:st clustering hospitals and hospital
districts to conform with the natural flow patterns of patients, and by
then classifying 'hnspita’!s‘and hospital districts in accordance with
Qeographic variations in patient utilization patterns. Patient origin-
destination data were employed pi?:imarﬂy in measuring these variations;
these results were then analysed using a regionalization or ecology
approach in relating utilization patterns to different classes of hos-
pitals and levels of care. At

In the second phase of the m’gﬁﬂa]pg;yl a series of patient
origin-destination matrix analyses veéé‘ﬁcgf;ducted. and patient flows
associated with the hospital and district classifications identified in

the conceptual framework were calculated. These flow rates were then
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analysed using two divergent models of reality (Models A and B), and
two sets of provincial per capita utilization rates for primary, secon-
dary, and tertiary care were estimated. Estimates of utilization rates
under Models A and B were applied to the service populations for the
six geographic regions comprising the province; two sets of patient
days estimates by levels of care were Dstéiﬁédi These patient days
were allocated to the hospitals im the province in ac;c:ordam:eriu*ith
observed regional referral patterns. Two sets of bed utilization pro-
files by levels of care (BULPs) were compiled for the 121 hospitals in
Alberta by converting these patient-day estimates by levels of care to
the corresponding numbers (or percentages) of beds in each hospital.

In the final phase of this study, an initial evaluation of the
methodology for estimating hespitafbed utilization by levels of care

was completed. Sased on the premise that hospital operating costs

should be directly related to the complexity of the case-mix treated-

(or the Tevels of care provided), the utility of BULPs (under ‘Models A
and B) in accounting for variations in hospital operating costs were
investigated. A series of regression analyses were completed using
various bed measures (independent variables) and cost easures (depen-
dent variables).

Demographic, utilization, and financial information compiled by

the Govermnent for administrative purposes formed the data base for

this study. As such, an implicit objective of this study was to evalu-

ate the utility of information coliected by the Government as a data -

source for investigating aspects of the health care systen.
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6.2 Findings and Conclusions

The significant findings arising from this initial attempt to
develop a methodology for estimating hospital bed utilization by levels
of care are outlined below.

1) Although there is an abundance of literature on the individual
topics of: 1) need fof health services; 2) allocation of health
resources using disease, patient, or hospital classification meth-
odologies; and 3) detailed analyses of differences in utilization
patterns based on patient origin-destination data, empirical
studies could not be 1oc.ated which related these aspects to a
planning framework for determining acute care bed utilization by
levels of care. Although the relationship bet(«een patient utili-
zation patterns and the provision of acute care services has been
thoroughly investigated, the unit of analysis for these studies
was usually the hospital, rather than assessing variations in the
use of beds across hospitals. )

2) Evidence exists that the care-seeking patterns of patients within
Alberta tend to conform to the three-tier heirarchical configur-

ation of service constituencies congruent with the regional (or

ecological ) approach to assessing patient uiﬂization. ) As such,

»

the 103 hospital districts were hierarchically clustered to form

six distinctive geographic service REGIONs and two REFERRAL AREAs..

There was a minimal flow of patients (l.29% separations) between
,._t'he two REFERRAL AREAs indicating that a definite north-south geo-
graphic division exits in patient origin-destination flow pat-

terns.
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4)

5)

‘6)

Using various neasures of geagraw variation in the care-seeking
patterns of patients, it was possible to classify hospitals and
hospital districts into three categories, based on whether or not
primary, secondary, or tertiary services were provided by the hos-
pital or available in the district. According to the highest
level of care provided or available, there were eight hospitals
and two districts designated “tertiary”,xnine hospitals and four
four districts designated as "primary”. \
The average length of stay of patients in different (lasses of
hospitals increased directly with the levels of care available;
while, the average length of stay of patients seeking care outside
their districts exceeded the averagé‘TEﬁgth of stay of patients
seeking care within their districts of origin, eftept for Edmonton

and Calgary where all three levels of care were available.

Estimates of primary, secondary, and tertiary care utilization '

rates, expressed as a percentage of total provincial patient days,

were respectively: 1) Model A - 66%, 21%, 13%, and 2) Model B -

58%, 30%p4i.

- Intra-hospital Class variatons existed in the percentage estimates

of beds in each hospital providing a particular level of care.
Thesé’var1ations were evident under both Models A and B. The
widest variations were for the percentage of tertiary care beds in
Class C hospitals. Hospitals with a high Eercentage of tertiary
care bed; were those known to be closely affiliated with univer-
S;ty medical Fgciiities or hospitals treating special segments of

the population or restricted disease entities.

E 3
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7) Using either Model A or B, total utilization rates for each (Class
of district increased inversely with the levels of care available.

8) Models A and B BUL?S, expressed in actual bed numbers or percent-
ages, yielded similar R square values in explaining intethospital
cost variations. Using either H@de], minimal differences in costs
were evident between Levei I and 11 beds; however, a significant
cost increase was associated with Level [II beds. Large increases
in diagnostic and therapeutic costs, and moderate increases in
administration and support services costs accounted for this large
increment in costs for Level [I[ beds.

The ‘;pnc1g;igns arising from this study are presentea subse-
quently. Given the linitations inherent in this study, these conclu-
sions should be applied only within the geographic context and time-
frane of this research. Since various aspects of hospital utilization
in Alberta were not addressed, these conclusions are provisional
pending the replication and validation, and/or modification of this
methodology by other researcﬁersi
1) There appears to be a natural regionalization -prccess occurring

LY . i A .
with respect to patients' use of acute care services in Alberta

that gonforms to the patient's tendencxgta minimize distance (or

travel times) in seeking health care services. This was substant-
jated by the identification of six distinct REGIONs based on
patient origin (hospital district)-destination (hospital) data.

2) The results indicate the presence of two mutually exclusive REFER-
RAL AREAs, dividing the province approximately in half vis & vis

the population, along an east-west boundary.

L]
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3)

5)

6)

6.3

With respect to the research problem, the BULP§ methodology ap-
pears to have utility for estimating the number (or percentage) of
beds in hospitals used to provide primary, secondary, and tértiary~
care servicesS.

It would appear that hospital bed utilization patterns as measured
by the BULP methodology are linked to requirements for different

levels of care, which in turn are assocfated with variations in

ﬁospita] operating costs.

Econom1Ls of scale appear to be operant in the provision of‘dif-

ferent levels of care, partichlarly with respect to secondary

levels of care. jhis was illustrated by the marginal cdst differ-

ences for diagnostic/therapeutic and adminfstration/support ser-

vices departments between primary and secondary beds. -

Using unit .cost analyses {(costs per separations' and per Qat{ent

day), it would appear that the diagnostic/therapeutic department

costs contributed to the major portion of interhaspital variations

in operating costs using the BULP methodology.

Nursing department costs seem to bear no reiation to the levels of

care provided by hospitals using the BULP methodology.

The Governﬁent data base for acute care hoﬁpitals appears to be

useful for analysing utilization patterns and gross costs assoc-

fated with acute care hospitals.

Recommendations

Thé following recommendations are based on an integration of the

findings and conclusions of this study. 4

1)

The Government should adopt a regionalization framework, congruent

with actual utilization patterns, in assessing hospital bed util-



2)

3)

4)

jzation and allocating health care resaurtes for different geogra-
phi-f. servicg}pu’!atiaﬁsi Not only would this Facﬂitaﬁe a more
equitable distribution of resources in line with established care-
seeking patterns, but it would also identify, for health care
users, a comprehensive network for obtaining required levels of
hea‘ltﬁ care. Hopefully, it would also minimize the unnecessary
duplication of costly services.

Planning quidelines for the provision of acute care beds should be
established which incorporate t!ze concept of different levels of
care. If it 1is accepted that provincial utﬂ"i;atiangrates‘ by
Tevels of care approximate tﬁe need for the different levels of
care, then regional disparities could be determined against this
standard, measured as the number of primary, secondary, and ter-

tiary beds per 1000 aye-sex adjusted persons-year.

Financial data collection for hospitals should be re-organized to

incorporate the tabulation of program=specific data. This would
permit a mgre precise analysis of the cost relationships using the
BULP methodology. The isaigtian of outpatiént costs from inpat-
jent costs would also improve the accuracy of cost analysis using

the BULP methodology.

In order to validate and extend the methodology employed in this:

study, it is recomended that the following additional research be

u

undertaken: that,

E studies of the average length of stay of patients from rural

versus urban areas, hospitalized for comparable diagnostic

and treatment services, be conducted to determine the factors
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iv

vi

L 4
accountind for differezFes in the average lenyth of stay bet-
ween these different geographic service populations;
the BULP methodology be repeateﬁ. using morbidity and/or age-
sex specific data; this could provide ore detailed infor-
mation for particular service populations (e.g., pagdiatrizs)
and/or specialized prograns (e;g., cardiac surgery) which
have significant resource and planning implications; -
the BULP methodology be repeated at selected intervals to de-
termine if there are significant changes in utilization pat-
terns by levels of care oyerrtimei as modes of medical prac-
tice and technological applications change;

a panel of experts be established to assess the level of care
requirgmenEg of patients based on disease codes and/or treat-
ment data, and the results be compared to those cbtained from
the- BULP methodology in order to establish an alternative
measure of the utility of the BULP methodology;

the results of the BULP méthadc?agy and its utility in exp-
laining interhospital cost variations be assessed using nore
sophisticated econometric models, in order to re-evaluate the
cost relationships obtained in this study; and, -
comprehensive studies of the relationship petween nursing and
other major departmental costs, and between nursing depart-
ment costs and levels of care be undertaken, which would as-
sist in evaluating the efficient and effective allocation of

funds across hospitals providing different levels of care.
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LIST OF ABBREVIATIONS f*sg .
Administratién and Support SEfjices Degaftmenté
Alberta Hospitals and Medical Cére |
average length of stay.
bed utilization by levels of care profile
Canadian Disease Classification .
commitment index
Calgary Region
Commission on Professional and Hcspftal Activities
Diagnostic/Therapeutic Departments
hospital district
diagnostic related groupiﬁg
Edmonton Region
Grande Prairie Region

Hospital Adaptation of the International Classifi-
cation of Diseases . -

hospital

Lethbridge Region

prinary care

secondary care

tertiary care

length of stay

Medicine Hat Reqgion ' \
Nursing Department .
North Referral Area -
Professional Activities Study
patient day

Red Deer Region



REGION
RI.
SEP

sP

ss1
SRA

regional hospital groupings
relevence index

patient separation/discharge
service population

self sufficiency index

South Referral Area

—



178

L

APPENDIX B:

COPY OF_ THE PAS CASE ABSTRACT FORM
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LIST OF HOSPITAL DISTRICTS AND ACUTE

CARE HOSPITALS INCLUDED IN THE STUDY
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APPENDIX D:

FORMULAE FOR RELEVANCE AND COMMITMENT INDICES
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Formulae for Relevance and Commitment [ndices
- £
5 ! *
. Relevance Inde® of the Local Hospital to the Local Hospital
. District equals
L _ . N - A
Munber of a Local District's Patients separated from

Local Hospital(s)
TOTAL nuiber of a Local District's Patients “separated

-

Relevance Index of Other Districts' Hospitals to the Local
District equals

Nurber of Local District's Patients Separated from
Specific Non-Local Hospitals

Total Number of Local D1str1ct s Patients Separated

M Coruiitiient Index of a Hospital to its Local Hospital District
equels

Number of Local District's Patients Separated from
the Local Hospital(s) e
Tota] Number of Patients separated from the '
Local Hospital

Comriitment Index of a Hospital to Non-Local Hospital Districts
equals

Number of Patients from Specific Non-Local Districts
Separated from the Local Hospital(s)

Total Number of Patients Discharged from the Local
Hospital

PDAYs may be substituted for SEPs in calculating these indices.



