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ABSTRACT

This thesis explores some of the planning considerations
associated with the fact that hospitals vary widely in their
ability to render high-quality emergency care. This fact implies
the need for a regional plan of cooperation between hospitals so
that the patient can be brought to a hospital which is appro-
priately equipped and staffed to provide the necessary care
within a reasonable amount of time.

Advances in medical technology and knowledge have made
possible increasingly sophisticated emergency care. Such defin-
itive care requires the rapid availability of a wide range of
medical specialists together with an array of expensive diagnos-
tic equipment and therapeutic facilities operated by skilled
personnel at all times of the day or night. Since the costs in
terms of personnel, equipment, and facilities to provide such
definitive care are very high, considerations of bcth effective-

ness and efficiency point toward the categorization and regionali-

zation of hospitals' emergency facilities within a metropolitan
area. '

Categorization is the term which is generally used to
describe the procedure of classifying hospitals into groups which
have different care capabilities. The primary approach to cate-
gorization of hospital emergency care facilities in the United
States has been one which classifies hospitals according to the
degree of comprehensiveness of the entire spectrum of emergency
services which they provide. This approach might be termed
vertical categorization.

The major difficulty with the vertical approach is that the
importance of time-to-treatment and the relative efficacy of
life-support and stabilization treatment vary with the type of
emergency. Knowledge of the pathophysiologic sequence of events
(epidemiology) following particular types of medical emergencies
has not been utilized in decisions regarding the location of
emergency treatment facilities. There is also considerable
variation in the degree to which different kinds of emergencies
can be stabilized in small hospital emergency rooms by a small

group of physicians, nurses, and paramedics without ready access
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to sophisticated diagnostic equipment, therapeutic facilities or
medical specialists. Such variations in the value of stabiliza-
tion or life-support care also have important implications for the
arrangement of treatment facilities.

This thesis attempts to develop a model for the spatial
arrangement of emergency treatment facilities which takes into
account the significance of epidemiological factors and the
relative importance of stabilization and life-support care. This
model is developed in Chapter Three of the thesis. The model is
intended to be eventually used as a decision aid for emergency
medical systems designers. It is hoped that the technique
developed here will be refined and then used to improve the
effectiveness and efficiency of regional systems of hospital
care facilities.

Chapters One and Two introduce the problems associated with
the categorization and regionalization of hospital emergency
facilities. Basic conceptual issues are explored and research
findings are cited when they are available. Three central issues
are defined as follows:

1. 1Is the arrangement of hospital emergency facilities
optimally designed in relation to the actual pattern
of demands for emergency medical care?

2. Is the pattern of user response appropriately matched
to the existing configuration of EMS facilities?

3. Will (can) the providers actually carry out a redesign
of the arrangement of facilities cn the criteria
proposed here?

Chapter Three introduces the model for measuring the "risk"
or "coverage" associated with a particular arrangement of emer-
gency facilities. Chapter Four presents a series of interviews
with public health officials and regional planners in an attempt
to define problems in implementing regional emergency facility
plans from a provider standpoint. Chapter Five presents policy
recommendations and recommendations for further research.

Thesis Supervisor: Thomas R. Willemain
Title: Assistant Professor of Urban Studies
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REGIONALIZATION AND CATEGORIZATION IN
HOSPITAL EMERGENCY PLANNING

CHAPTER ONE

OVERVIEW

This thesis will explore some of the planning considerations
associated with the fact that hospitals vary widely in their
ability to render high-quality emergency care. This fact implies
the need for a regional plan of cooperation between hospitals so
that the patient can be brought to a hospital which is appro-
priately equippéa and staffed to provide the necessary care
within a reasonable amount of time.

Advances in medical technology and knowledge have made
possible increasingly sophisticated emergency care. Such defin-
itive care requires the rapid availability of a wide range of
medical specialists together with an array of expensive diagnostic
equipment and therapeutic facilities operated by skilled personnel
at all times of the day or night. Since the costs in terms of
personnel, equipment, and facilities to provide such definitive
caré are very high, considerations of both effectiveness and
efficiency point toward the categorization and regionalization of

hospitals' emergency facilities within a metropolitan area.

UNDERSTANDING THE PROBLEM

Categorization is the term which is ge.lerally used to
describe the procedure of classifying hospitals into groups which

have different care cababilities. The primary approach to cate-
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gorization of hospital emergency care facilities in the United
States has been one which classifies hospitals according to the
degree of comprehensiveness of the entire spectrum of emergency
services which they provide. This approach might be termed

vertical categorization.

The major difficulty with the vertical approach is that the
importance of time to treatment and the relative efficacy of life-
support and stabilization treatment vary with the typé of emer-
gency. Knowledge of the pathophysiologic sequence of events
(epidemiology) following particular types of medical emergencies
has not been utilized in décisions regarding the location of
emergency treatment facilities. There is also considerable
variation in the degree to which different kinds of emergencies
can be stabilized in small hospital emergency rooms by a small
group of physicians, nurses, and paramedics without ready access
to sophisticated diagnostic equipment, therapeutic facilities or
medical specialists. Such variations in the value of stabilization
or life-support care also have important implications for the
arrangement of treatment facilities.

This thesis attempts to develop a model for the spatial
arrangement of emergency treatment facilities which takes into
account the significance of epidemiological factors and the
relative importance of stabilization and life-support care. This
model is developed in Chapter Three of the thesis. The model is
intended to be even*ually used as a decision aid for emergency
medical systems designers. It is hoped that the technique
developed here will be refined and then used to improve the
effectiveness and efficiency of regional systems of hospital

care facilities.



-11-

Chapters One and Two introduce £he problems associated with
the categorization and regionalization of hospital emergency
facilities. Basic conceptual issues‘are explored and research
findings are cited when they are available. Three central issues
are defined as follows (Schon, 1974):

l. 1Is the arrangement of hospital emergency facilities

optimally designed in relation to the actual pattern
of demands for emergency medical care?

2. 1Is the pattern of user response appropriately matched

to the existing configuration of EMS facilities?

3. Will (can) the providers actually carry out a redesign

of the arrangement of facilities on the criteria
proposed here?

Chapter Three introduces the model for measuring the "risk"
or "coverage" associated with a particular arrangement of emergency
facilities. ‘Chapter Four presents a series of interviews with
public health officials and regional planners in an attempt to
define problems in implementing regional emergency facility plans
from a provider standpoint. Chapter Five presents policy recommen-
dations and recommendations for fﬁrther research.

Under the heading of the implementation problem, we consider
the effect of local political jurisdictions, hospital financial
considerations, intertown rivalries, and the fragmented nature of
local public services in inhibiting the cooperation of neighboring
hospital emergency facilities within a planning region. These
obstacles often interfere with efforts to implement a desired

rearrangement of facilities.
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The implementation problem refers to the difficulty in
obtaining cooperation between facilities in order to improve
the arrangement of care capabilities within a planning

region.

Categorization

Categorization is the term which is generally used to
describe the procedure of classifying hospitals into groups which
have different care capabilities. Two approaches to categoriza-
tion have been taken by health planners. One approach, which might
be termed vertical categorization, classifies overall hospital
emergency care capabilities according to the degree of comprehen-
siveness of the services which they provide. Another approach,
which might be termed horizontal categorization, recognizes the
fact that a hospital may be better equipped to treat some kinds
of emergencies than others.

In the United States, the vertical approach to categorization
has dominated the thinking of Emergency Medical Services (EMS)
planners. For example, the American Medical Association, in

the publication Categorization of Hospital Emergency Capabilities

(1971), defines four Specific categories of hospital emergency
services. These categories and the care capabilities required
for each are as follows:

Comprehensive Emergency Service: The hospital shall be
fully equipped, prepared, and staffed to provide prompt,
complete and advanced medical care for all emergencies
including those requiring the most complex and specialized
services for adults, infants, and children, including
newborns. It shall have a capacity adequate to accommodate
the direct and referred patient loads of the region served
and be capable of providing consultative support to profes-
sional personnel of other hospitals and health facilities
in the same region.
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M:jor Emergency Service: The hospital shall be equipped
prepared, and staffed in all medical and surgical special-
ties to render resuscitation and life-support for adults,
children and infants, including newborns. It shall also
supply definitive care for all such patients except for
the occastional patient who requires follow-through care
in very specialized units. Transfer may be necessary and
shall be under prior agreement with other hospitals.

General Emergency Service: The hospital shall be equipped
prepared, and staffed in the medical and surgical special-
ties necessary to render resuscitation and life-support
care of persons critically ill or injured of all ages.

The availability of supplementary specialty services shall
be prearranged with non-staff specialists. Transfer for
patients for specialty care shall be by prior agreement
with other hospitals.

Basic Emergency Service: The hospital shall be equipped,
prepared and adequately staffed to render emergency resus-
citation and life-support medical services for patients of
all ages. Transfer when necessary shall be under prior
agreement with other hospitals.

There are several alternative vertical categorization schemes
(Youmans and Brose, 1970; Yu et al, 1971). In the proposed
regulations for categorization of hospital emergency rooms in
Massachusetts, the following categories are suggested:

Standby Emergency Services: Each hospital shall be capable
of providing resuscitation and emergency life-support
services to patients in need of such treatment. Such
capability shall include the presence in the hospital at
all times of personnel trained in resuscitation procedures,
an internal communication mechanism for bringing such
personnel to the patient immediately and such equipment
and medications, accessible and ready for emergency use, as
are necessary.

Routine Emergency Services: The hospital shall be equipped,
prepared and staffed to render life-saving services, as
well as to render resuscitation and life-support care of
critically ill or injured persons whose requirements exceed
available staff capabilities, pending transfer to hospitals
providing comprehensive emergency treatment.

Comprehensive Emergency Services: The hospital shall be
fully equipped, prepared, and staffed to render comprehen-
sive and advanced life-saving services and shall have a
capacity adequate to the population and emergency caseload
of the population served.
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IL should be kept in mind when considering these catego;ies
that the presence of various resource inputs (physicians, techni-
cians, equipment) does not guarantee high-quality patient care
as an outcome. A quality control mechanism involving the moni-
toring of emergency hospital performance is necessary to insure
high-quality patient care.

Planning activities within the area of hospital emergency
services in recent years in the United States have emphasized
the concept of vertical categorization. Nevertheless, the
vertical categorization systems advocated by the A.M.A. and
other groups do not take into account differences between types
of emergencies in terms of epidemiology or in terms of frequency
of occurence. Many health planning authorities (e.g., Boyd,
Pizzano and Murchie, 1973) distinguish at least six different
types of emergencies. These are - (1) trauma and acute surgical
problems; (2) coronary emergencies; (3) psychiatric emergencies;
(4) high-risk neonatal and pediatric cases; (5) poisonings; and
(6) drug and alcohol overdoses. Each of these may require
different systems of cooperative arrangements between hospitals
with different points of entry into the system. For example,
certain types of coronary emergencies may be relatively more
time-dependent than other types of emergencies. Therefore, the
coronary patient might well be routed to the nearest standby
hospital emergency facility for diagnosis and, if necessary,
immediate stabilization and life-support care. On the other
hand, a psychiatric emergency patient might well be stabilized
by an Emergency Medicai Technician in the ambulance and then
brought to a major psychiatric facility, completely bypassing

the nearby hospital.
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A horizontal approach to categorization takes account of the
fact that requirements for life-support and definitive treatment
facilities may differ by type of emergency. The spatial distri-
bution of demands for emergency service and time factors associ-
ated with epidemiological considerations also vary widely by
type of emergency. A horizontal approach to categorization
classifies hospital emergency facility care capabilities by type
of emergency. Advocates of the horizontal approach contend that
it permits a closer matching of the spatial distribution of
emergency treatment facilities to the spatial distribution of
demands for emegéency service.

A sample horizontal categorization scheme would classify
hospital emergency facilities into four levels of care capa-
bilities for each of the six diagnostic categories of emergencies
listed above. The four levels of care capabilities are the
following:

Level 1 - Treat even the most serious cases;

Level 2 - Treat all but the most serious cases;

Level 3 - Provide only basic stabilization and immediate
transfer;

Level 4 - No capability in the diagnostic area.

Regionalization

Regionalization is the term generally used to refer to
the cooperative arrangements between hospitals, physicians,
ambulance purveyors, and local governments within a region to
deal with different types of medical emergencies. Regionaliza-

tion plans include definite dispatching and routing procedures

e
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involving ambulances and hospitals as well as transfer agreements
between hospitals. Regionalization plans and procedures can
help to insure that hospital emergency facilities which have
been categorized as to their care capabilities are appropriately
utilized.

In the interests of improved accessibility, effectiveness
and efficiency, the regional planning process must include the
taking of an inventory of existing emergency hospital facilities
within a planning region. A methodology for detecting deficien-
cies and duplication of facilities must be developed. The terms
"deficiency" and "duplication" have been used widely in the
emergency medical planning literature, apparently without any
consistent meaning. Criteria for detecting deficiencies in
emergency hospital facilities must be defined in terms of the
risk incurred due to the lack of immediate availability of appro-
priate medical coverage. Similarly, criteria for duplication
of facilities must consider locations, utilization rates, and
capacities in relation to the spatial and temporal distribution
of demands for service. The use of the term "duplication" should
imply that very little additional risk due to lack of immediate
availability of medical coverage would occur if one of the two
or more facilities were downgraded or eliminated. It is only
by relating an inventory of existing facilities to real clinical
need that intelligent resource allqcation decisions can be made
as to the arrangement of emergency hospital facilities within a
planning region. It should be noted that existing and desired

transfer patterns of emergency patients between hospitals may
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cross the boundaries of the planning region. Therefore, cooper-
ative agreements between adjoining regions are a necessary part
of the regional planning process.

The American Hospital Association, in its publication

Emergency Services - The Hospital Emergency Department In An

Emergency Care System,'stresses that an individual hospital's

future planning in the area of emergency care must take into

account many interrelated factors:

The most important of these are the actual and the planned
services in nearby institutions. In addition, the immediate
environment must be taken into account: existing or projected
housing development, industrial plants, schools, nursing
homes, and other institutions; predictable changes in the
density or character of the population; adequacy of public
transportation; and established or anticipated patterns of
hospital utilization by residents and physicians. Observable
trends in conditions presented by patients also should be
noted. For example, recent studies of emergency department
patients suggest a need for concentrated alertness to new
patterns of drug use and to certain kinds of accidents, such
as lawnmower injuries, that occur with increasing frequency.

Recent planning activities by the Federal government in the
Emergency Medical Services area have centered around the concept
of a "comprehensive systems approach". Dr. John Hanlon (1973),
an Assistant Surgeon General and Coordinator for Public Health
Programs, Health Services Administration, feels that:

There are gross inadequacies in planning, training, equip-
ment, and especially coordination. To approach the problem
perhaps backwards, there has been a duplicative and often
wasteful proliferation of emergency rooms (not necessarily
emergency departments) regardless of need. Often they seem
to have been established to meet hospital accreditation
standards or to provide a base of inpatients.

The following examples of lack of planning cooperation, and
systematic approach in the emergency medical field are the
rule rather than the exception: hospitals individually
developing emergency departments independently of each
other and unrelated to ambulance services; satisfactory
communications equipment in ambulances but not in hospitals;
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guod equipment but no trained personnel; satisfactory hospi-
tals and ambulances but no means of access to the system

or no central dispatch; good on-site and in-transit

care but no preparation at the hospital; bypassing a hospital
with a coronary care unit to deliver a cardiac patient to

an inappropriate or ill-equipped and staffed institution;

no ambulance service beyond a city's limits or at night;

and either no ambulance or several at once with attendants
arguing as to who gets the patient. Examples are legion

and common knowledge.

Issues for Planners

In addition to the problem of coordinating hospital emergency
departments, ambulance services, and communications capabilities,
there are several major planning issues involving hospital
emergency facilities alone. The first of these might be labeled
the facilities arrangement problem. This problem can be stated
in the following way:

"Given a limited quantity of resources available for emer-

gency hospital facilities, what is the best way to arrange

these facilities (in terms of care capabilities and location)
within a planning region?"
The second planning issue might be termed the matching problem.
The matching problem can be phrased as follows:

"Given a fixed arrangement of facilities with varying levels

of care capabilities, how can we insure that these facili-

ties are appropriately utilized by various types of emergency
patients?"

The third planning issue might be referred to as the implemen-
tation problem. The implementation problem, as previously mentioned,
can be phrased as follows:

"Will (can) the providers actually implement a redesign of

the arrangement of facilities based on the application of a

planning model?"

The facilities arrangement problem is actually a special

kind of optimization problem and thus falls within the purview

of 0perations research. A solution to this problem, which is
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attempted in Chapter Three of this report, is important to the
improvement of resource allocation decisions within a plannihg
region. The solution to the problem depends very heavily on
epidemiological considerations associated with the type of
emergency under consideration. Although most planners agree
that there should be some system for categorizing facilities, a
systematic procedure for determining the relative desirability
of a particular arrangement of facilities has not yet been
devised.

The facilities arrangement problem discussion has as its
focus the improéément of the emergency medical system's potential
for delivering emergency medical services if patients utilize
the appropriate facilities for their emergency care needs. The
matching problem refers to the fact that emergency medical systems
in operation never live up to their potential because patients
often do not utilize available facilities appropriately. As
Gibson (1973b) notes:

"Many patients are treated in hospital emergency departments

woefully deficient in necessary resources; and many other

patients presently treated in hospital emergency departments
for non-urgent conditions could more appropriately be
treated in alternative ambulatory care settings."

Gibson defines the two types of mismatches as System Under-
Response and System Over-Response. System Under-Response 1is
defined as an event in which "a patient is tfeated at an emer-
gency department lacking resources clinically needed for his
condition" and System Over—Responsé is defined as an event in

which "a patient is treated at an emergency department with

resources in excess of those needed for his condition.™*



-20-

In Gibson's (1973b) study of the emergency medical system
in metropolitan Buffalo, New York, Systeéem Under—Résponse was
present to the degree that:

"Of the emergency visits (that is, life-~threatening). . .

no less than 41 percent were treated at facilities lacking

necessary resources."

With regard to System Over-Response Gibson found that:

"The most specialized facilities have a higher rate of

inappropriate use than the least specialized. Thus, for

the comprehensive facilities, about half of the patients

did not need an emergency department at all, while prac-

~tically all of the remainder needed a far less specialized

one." -

Criticaily 11l or injured patients in outlying or suburban
areas often do not receive treatment at the compréhensive
facilities which are often located in the central city (see
Gibson, 1973). There may be several reasons for this phenomenon,
in addition to the problem of an inappropriate spatial arrangement
of facilities. Patients are often reluctant to visit the compre-
hensive emergency facilities which are often located in slum
areas of iarge cities. The patient's physician may be reluctant
or unable to refer him to a comprehensive or teaching hospital
since the physician may not have admission privileges at the
hospital (Gibson, 1974). Ambulance attendants and policemen
often take the patient to a nearby hospital within the same
political jurisdiction rather than a hospital in another political
jurisdiction that might have more appropriate care capabilities
for the type of emergency under consideration. Finally, hospitals
may be reluctant to encourage the rerouting of‘emergency patients

to'other'hospitals since the hospital's occupancy rate might drop

as a result.
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The matching problem might be perceived as largely a public

education problem. A study of Emergency Medical Services In

The City Of Boston (Kleinman et al, 1972) indicates that 37

percent of the emergency room patients provided for their own
non-ambulance transportation. Hence, the public must be kept
informed as to which emergency facilities are appropriate for a
given type of emergency. A central regional dispatch facility,
sﬁch as that provided in some areas on telephone number "3811",
could help direct patients to the neapeSt appropriate facility
or dispatch an g?bulance if judged necessary by the dispatcher.
The Boston finding that only 16 percent of those cases considered
true medical emergencies arrived by ambulance emphasizes the
need for both improved ambulance service and better public
information.

The implementation problem is caused by many of the same
political, financial and institutional factors that cause the
matching problem. However, the two problems are conceptually
distinct. The matching problem refers to the inappropriate
utilization of an existing arrangement of facilities. The imple-
mentation problem refers to the difficulty in obtaining coopera-
tion between facilities in order to improve the arrangement of
care capabilities within a planning region.

Among the factors which contribute to the implementation
problem are considerations related to hospital financing, inter-
town rivalries, political and jurisdictional considerations, and

the lack of formal mechanisms for inter-hospital cooperation.
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The question of hospital financing, which is discussed in
Chapter Two, hinges largely on the effect of hospital admissions
from the emergency room on the hospital's census. If certain
kinds of emergency patients are rerouted to another hospital,
the first hospital may experience an adverse effect on its
census. This problem is likely to be particularly acute for
hospitals with an excess capacity of beds. A recent study by a
Minneapolis health research firm - Interstudy - indicates that
the U. S. currently (mid-1974) has 60,000 excess hospital beds
with 7,000 more expected by the end of 1974 (quoted in the

Washington Post, September 12, 1974).

It seems clear that gains and losses of patients with
certain kinds of emergencies affects a hospital's financial
status in a complicated way. Research now beginning at the
University of Pennsylvania (Hamilton et al, 1974) and elsewhere
is aimed at delineating these effects by developing "improved
methods and data for assessing the economic impact of EMS finan-
cing and delivery mechanisms now in use or under consideration."

The Pehnsylvania researchers feel that the lack of under-
étanding of the economics of emergency medical systems inhibits
the development of regional emergency medical planning. They
anticipate that "documented case studies and guidelines for
projecting the costs and revenue implications‘of proposed
improvements will help to encourage local communities to consider
organizing regional EMS systems." In addition to the impact on
hospital emergency admissions, another important question involves

the cost of upgrading or downgrading a hospital's emergency facili-
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ties to meet new categorization standards. It is important to

identify actual (as distinguished from accounting) financing

mechanisms and operating costs so that decision-makers can
project the costs and potential revenues associated with proposed
modifications to hospital emergency facilities.

In addition to the‘economic impact (costs and financing) of
regionalization(of hospital emergency facilities, the political
impact on individual towns within a region must be considered.
Neighboring towns often devélop fierce rivalries and hospitals
in such towns often compete with each other in providing emer-
gency health services. A regional planning decision which
proposes the upgrading of a facility in one town and the down-
grading of a facility in another town might be politically
unpopular and very difficult, if not impossible, to implement.
Residents of the town whose hospital emergency facility has been
downgraded might continue to use the facility as a matter of
habit, civic loyalty, or convenience. It is the current practice
of many law enforcement officials and ambulance services to bring
patients toAhospitals within the same political jurisdiction,
even though the emergency facility in a neighboring jurisdiction
might be far superior for the particular type of emergency under
consideration.

The issues for plénners introduced here and other conceptual
issues associated with regionalization and categorization will
be explored in Chapter Two of this report. A survey of hospital
emergency care capabilities in the greater Boston area will be
reported in Chapter Three. A quantitative model of regional

emergency medical services "coverage" will be developed in Chapter
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Three and the survey data from the Boston area will be used as
an illustration of the applicability of the model. Chapter
Four will focus on problems of implementing regional hospital
emergency facility plans and will include reports of personal
interviews of public health officials representing professional
organizations, hospitals, and various levels of government.

As mentioned, Chapter Five will present policy recommenda—
tions regarding categorization and regionalization proposals.
These recommendations will be presented in the light of the quan-
titative model, personal interviews, and conceptual issues

-

discussed in the preceding chapters.
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CHAPTER TWO

CONCEPTUAL ISSUES IN REGIONAL EMERGENCY
HEALTH FACILITY PLANNING

INTRODUCTION

The major conceptual issues in the regional planning of
emergency medical facilities involve the evaluation of the
accessibility, quality, and efficiency of those facilities.
Evaluative research in the-Emergency Medical Services Systems
area has been sporadic and uneven at best and normative categor-
ization criteria for personnel and facilities have been developed
from negotiati;n and expert opinion rather than research results.
Furthermore, budget decisions regarding the quantity and loca-
tion of additional EMS facilities and personnel have not been
tied to data regarding the incidence, type and location of
mediéal emergencies.

The resource allocation problem, then, exists on several
levels. First, there has been little attempt to match the number
and kind and location of facilities provided with the expected
spatial distribution of the number and kind of medical emergen-
cies within a region. Secondly, the standards for facilities
which are designed to provide adequate care capabilities for
particular kinds of emergencies have not been based on empiri-
cal findings regarding outcomes of particular kinds of treatment
conditions. Thirdly, there has been little assessment of the
quality of care or efficiency of medical services provided to
non-emergency patients in an emergency room. The role of the
emergency room in relation té other coﬁponents in the health

care system has not been well thought out and, as a result, "it
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is the twenty-four-hour rain bérrel of ambulatory health care to
collect everyone else's leaks" (Gibson, 1973a). Recent studies
(e.g., Lavenbar et al, 1968 and Kleinman et al, 1972) indicate
that no less than one-half to two-thirds of all urban hospital
emergency room visits do not represent clinical emergencies.

In summary, the problem of evaluating changes in the system
in order to determine what constitutes an improvement in emer-
gency hospital services has not been adequately addressed in the
literature. Public officials who have the responsibility of
allocating scarce resources to improve the EMS must choose
- between a large array of options. A method must be chosen in
order to specify the relative payoff for each available option.
This involves establishing a context to evaluate research
results and then performing the necessary research studies.

It is clear that some victims of medical emergencies would die
or be disabled no matter what kind of or how fast treatment is
applied while others would survive and wounds would heal even in
the absence of medical help. EMS research is aimed at discover-
ing which medical interventions in which timeframes pay off in
terms of avoiding death and disability. Given a limited budget,
EMS decision-makers must try to obtain maximum coverage for that
level of cost. Additional budgets are best justified when it
can be shown that present monies are well allocated and the
additional funds can provide expanded coverage that could not
be obtained by reallocating present funds.

This chapter will focus on each of.these conceptual iésues

in turn. We will discuss: (1) the regional planning process and
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the r=lationship of the arrangement and care capability cate-
gories of facilities to patterns of demand; (2) the overall
measurement problem and the relationship of categorization
standards to outcomes; (3) the treatment cf non-emergency
patients in the emergency room; and (4) the regional resource
allocation decision problem. Relevant findings from the research

"literature will be cited where appropriate.

THE REGIONAL PLANNING PROCESS

The regional planning process was described in Chapter One
as essentially ; three-fold problem - arrangement, matching, and
implementation:

1. the arrangement of treatment facilities as resource

inputs in relation to patient needs;

2. the pattern of utilization which matches patients to

treatment facilities as a part of the process of Emer-
gency Medical Services system operation; and

3. the implementation of desired system modifications

(see Gibson, 1974).

The Arrangement Problem

The arrangement problem may be viewed as one of reconciliation
between conflicting needs for accessibility, gquality of care
and efficiency. Ideally, from the standpoint of guality of care
and accessibility, comprehensive treatment facilities would be
located on every street corner. Unfortunately, such a system
would be hugely costly and inefficient. Ideally, from the stand-

point of system efficiency, all treatment facilities would be
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appropriately utilized at full capacity. Unfortunately, such
a system would not provide equal access'for all victims of
medical emergencies, since demand is insufficient in some areas
to permit facilities to operate at full capacity. In these
areas, system planners must trade-off accessibility against
efficiency.

One strategy for dealing with these conflicting requirements
for accessibility, quality of care and efficiency is the cate-
gorization of hospital emefgency facilities within a region.
We have previously defined categorization as the segmentation
of hospital emeféency facilities into groups which have different
functions. One approach to categorization, by overall levels of
services, has been proposed by the A.M.A. and other groups.
This approach, which we have termed the vertical approach, class-
ifies hospitals according to the degree of comprehensiveness
of the. entire spectrum of emergency services which are provided.
This approach can be used to promote the accessibility of basic
or routine facilities which can provide life-support and resusci-
tation care for most kinds of emergencies while encouraging
efficiency in the provision of the highly specialized and expen-
sive definitive services which are available around the clock
in a comprehensive facility.

A more sophisticated approach to categorization, which we

have termed the horizontal approach, segments hospitals according

to their care capabilities in each of several diagnostic cate-
gpries. - These diagnostic categories include trauma, coronary,
high-risk neohatal and“pediatric, psychiatric, poison, and
alcohol and drug abuse. The horizontal scheme takes into account

that the conflicting requirements for efficiency, accessibility
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and grality of care may vary according to the epidemiology Qf a
particular type of emergehcy. For example, coronary emergencies
are often very time-dependent. Accordingly, the decentralization
of coronary care stabilization and life-support capabilities

may be very desirable in terms of accessibility which is the
critical dimension in this case. On the other hand, psychiatric
emergencies may be stabilized by non-specialists so that cen-
tralized facilities staffed by highly trained specialists may be
most desirable in terms of quality of care and efficiency which
are more important in this case provided that the patient can be
stabilized in afnon—medical setting. Horizontal categorization
also permits the location of specialized facilities close to
demonstrated patient needs. For example, a trauma center might
be located near a freeway, a high risk neonatal and pediatric
center in a demographic area with a large number cf young children,
or an alcohol and drug abuse center in the inner-city. Horizontal
categorization allows for more flexibility in system plahning
since accessibility, efficiency and quality of care trade-offs
can be made for each diagnostic category according to the epidem-
ioiogical requirements, needs of the population, and available
financial resources.

The accessibility, efficiency, quality-of-care trade-off is
inherent to emergency medical services system planning. The
problem is particularly acute in low population density areas
since the need for facilities is often not great enough to
justify the cost of facilities. Similarly, the incidence of
certain kinds of emergencies is greater at some times of day

than at others. For this reason, many rural hospitals have a
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doctor present in the hospital during the day and early evening,
but not at night. It is clear that accessibility and hence,
the effectiveness of medical care sﬁffers (to an unknown extent)
by having the physician on call rather than at the hospital.
As long as individual hospitals are required to be solvent, many
of the accessibility/efficiency trade-offs are likely to be
resolved in the direction of efficiency. In this regard, Mangold
(1973) notes that "many rural hospitals have the dilemma of
moral need to provide emergency care, yet inadequate utilization
to meet its costs and provide a stimulating environment for
physician pracflce."

~Another illustration of the accessibility, efficiency, quality-
of-care trade-off is the need for high quality care and produc-
tivity at the level of the individual hospital. One study of
coronary care units (Bloom and Peterson, 1973) indicates that
larger units have lower diagnosis-specific fatality rates, and
greater productivity. One consequence, however, of larger unité
is greater centralization and less accessibility, given the
number of beds in the system remains constant. Clearly, access-
ibility losses under conditions 6f optimal facility efficiency
and quality of care will have less severe consequences for those
types of emergencies in which the time to treatment is not as
critical as it is in other emergencies or for emergencies which
occur in populated éreas dense enough to support a large facility
which is easily accessible to everyone. In terms of the effec-
tiveness of care, the need for decentralization bf facilities
depends on the type of emergency. Ceteris paribué, the greater

the need for dispersal of facilities, the more difficult it will
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be to achieve efficient resource utilization. This variation
by care capability requirements in the degree of decentralization
needed is an argument for the selective categorization of

facilities by type of emergency.

The Implementation Problem

A major barrier to accessibility and quality of care, as
we have seen, is the level of overall funding in the system.
Even if all facilities are operating at optimal efficiency, lack
of funds may prohibit the opening of needed facilities. As the
overall level of funding in the system increases, one might
expect it to become more and more difficult to achieve the
optimal efficiency frontier since marginal increments are
likely to be for facilities that are designed for rarer types of
emergencies and thus less frequently utilized.

Another major barrier to accessibility, efficiency, and
quality of care is simply the lack of regional planning. A
reasonable determination of the number, type anc location of
facilities required within a region is rarely made. Furthermore,
financial requirements of individual facilities for solvency
often create region-wide inefficiencies. Mangold (1973) points
out that:

A hospital may have an emergency department because it

cannot tolerate the patient drain resulting from a neigh-

boring hospital's having a functioning department of emer-
gency medicine. This overt duplication of services can be
called irresponsible, but fregquently an administrator feels
compelled by competition to make such a decision. Such
situations point up the need for a program of categorization
and regionalization.

Mangold, a senior partner in a group of emergency physicians

which contracts and consults for a group of hospitals in
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California, notes that "as inpatient occupancy rates decrease,
many hospitals have turned toward an ‘'open-door' policy in their
department of emergency medicine in an attempt to provide
ambulatory health care delivery and thereby increase their
admissions rate." He points out that in a southern California
hospital with a "fairly typical 'open-door' emergency department":

"24 percent of total admissions were via the emergency

department and accounted for 29 percent of total inpatient

days and for 34 percent of total inpatient revenue. It is
logical to assume that patients entering via the emergency
department are more seriously ill than the routine hospital

admission, remain in the hospital longer, and utilize a

greater percentage of diagnostic and therapeutic modalities

than the non-emergency patients."

Since Mangold collected data from only two hospitals, more
research is needed in order to confirm his findings with regard
to emergency inpatient admissions. If Mangold's data are valid,
they point to a possible difficulty in regional emergency facility
planning. Since hospitals often establish emergency rooms as
a base of inpatients, there may be a negative financial incentive
to transfer patients to another hospital for follow-through care
in specialized units after initial resuscitation and life-support
care is rendered in the emergency room. Since reliable data

apparently does not now exist as to how many transfers actually

occur, it is difficult to test this hypothesis at this time.

The Matching Problem

'~ The consequences of the transfer problem might lead us to
divide Gibson's (1973b) concept of System Under-Response into
two components - System Under-Response A and System Under-Response
B. System Under-Response A is defined @ere aS'an'event in which

a patient does not receive adequate resuscitation and life-support
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care during the necessary timeframe while Systeﬁ Under-Response
B is defined here as an event in which a patient does not receive
definitive follow-through care after successfdl initial resusci-
tation.

The financiai-argument presented by Mangold may be a signi-
ficant cause of System Under-Response B. Mangold points out that,
in his example:

26 percent of all admitted patients from the emergency

department went to a coronary care or intensive care unit.

Consequently, while the emergency department may appear to

be losing money according to traditional cost accounting

methods, it can have a profoundly positive financial

impact upon the hospital.

In addition to financial impediments to the tranéfer of
patients there are also legal barriers. The hospital may be
legaily liable for the patient's welfare during transfer. In
many states, an acute general care hospital has a legal obliga-
tion to treat all patients who present themselves. In other
states, elaborate bureaucratic procedures must be followed in
order to justify transfer of a patient (Rose, 1974).

All of these factors make it more difficult to eliminate
System Under-Response B, given that the initial receiving hospital
is not adequately equipped to provide definitive care for the
emergency patient. The need to reduce System Undér—Response B
would seem to place particular importance on the correct initial
routing of the patient. Unfortunately, this may lead to an
increase in System Under-Response A. It is quite difficult to
control initial routing, even if desired,- since the majority of
emergency cases do not arrive by ambulance. In the Boston study

by Kleinman et al (1972), only 16 percent of those cases considered

true medical emergencies arrived by ambulance.



-34-

In éummary, it is difficult to prevent System Under-Response
B because of financial, legal, andvoperatiOnal difficulties.
This may have unfortunate consequences for quality of care, in
cases where the patient requires very specialized follow-through
care. ‘This issue will be explored in greater detail later in

this chaptef.

The Measurement Problem

System effectiveness can be defined in three ways - in terms

-of availability of resource inputs, process measures of resource

utilization, and quality of system outputs.

Input Measures

An input measure of system effectiveness is based on a compar-
ison of clinical care capabilities within a region with the
expected distribution of the number, kind and location of
medical emergencies. If there is no facility or inadequate
facilities for a given type of emergency, a system error may be
said tb have occurred. The definition of inadequate facilities
is in terms of quality, quantity, and location. Hopefully, the
quality standards will be based on empirical data regarding the
effectiveness of various forms of treatment. This procedure
would link an input measure of system effectiveness to care
capability standards based on outcome measures. Unfortunately,
most current care capability standards are developed from negoti-
ation and expert opinién rather than research results.

The importance of system input error due to location would
depend on the type of medical emergency. Epidemiological consider-

ations associated with the type of emergency would determine the
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degree of decentralization for that specific care capability
required within the region. One should also distinguish between
the location of initial life-support and resuscitation capability
and the location of definitive treatment facilities for special-
ized follow-through care. In the latter case, specific location
within the region becomes less important provided transfer is
feasible. Finally, a system effectiveness measure at_the
resource input level must verify that the supply of specialized
treatment facilities is adequate to the average demand for them.
Although a detailed measure of facility capacity in relation to

a wide variety 6f demand contingencies is really a process
measure of the system in operation, the input measure can check
supply against long-run demand averages. An input measure meeting

the above criteria is defined in Chapter Three.

Process Measures

Process measures of system effectiveness often focus on the
appropriate utilization of facilities. Gibson's (1973b) concepts
of System Under-Response and System Over-Response are excellent
examples of process measures. Gibson (1973b) points out that,
although appropriate resources for a given type of emergency are
often available within a region, the patient often does not utilize
them correctly:

Highly specialized Trauma Centers at large teaching hospitals

are often under-utilized as a result of trauma patients

being treated at small community hospitals lacking needed
emergency rescurces. Well-staffed and well-equipped large

emergency departments often treat fewer critically ill

patients than the smaller less adequate emergency rooms.

It should be pointed out again that EMS planners do not have

great control over appropriate utilization since a majority of

emergency cases do not arrive by ambulance. Gibson feels that
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the problem is best defined as "patient under-response" and
feéls that significant improvements can only come about if an
effective way of educating the public can be found. As we have
discussed earlier, there are considerable barriers to trans-
ferring a patient after his initial arrival at an emergency
room - so public education becomes increasingly important. Law
enforcement officials must also be encouraged to bring emergency
patients to the most appropriate facility even if it involves
crossing jurisdictional lines. The major conceptual problem in
the area of process measures is the definition of an "acceptable"
level of System Under-Response. In Gibson's (1973) study of
- metropolitan Buffalo:

- no less than 41 percent (of the life-threatening emergencies)

were treated at facilities lacking necessary resources . . .

An emergency system which under-responds to four in ten of

the most critical patients is costing lives and avoidable

disability.

One approach to reducing System Under-Response would be to
rearrahge the location of Comprehensive and Major emergency
facilities within a region. Since patients might be expected
to come to the nearest facility, relocating Comprehensive and
Major facilities closer to the location of a larger number of
emergencies should reduce System Under-Response. Another approach
to redﬁcing inappropriate utilization has been taken in the
Soviet Union and will be discussed in a later section of this
chépter.

" The point is often made that changing the level at which
categorization standards are set will change thé pattern of

patient utilization of hospital emergency facilities. Since we

have seen that patients often under-respond in selecting a
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treatment facility, the effect of changing the categorization

standards are not at all clear and cannot easily be estimated.

Output Measures and Research Results

Measures of system effectiveness based on the quality of
system outputs are the most difficult to obtain (see Willemain,
1974). The whole issue of quality control is fraught with emotion
within the medical profession (witness the debate over Professional
Standards Review Organizations at the 1974 Medical Association
convention; New York Times, August, 1974). The approach to quality
control in the medical profession has traditionally been through
the specialty board certification process rather than through the
continuous monitoring of patient care. The recent establishment of
Emergency Medicine as a board-certified specialty should help to
improve the quality of initial life-support and resuscitation care.
A requirement that all emergency room physicians be board-certified
or board-certifiable could go a long way toward improving the
quality of initial life-support and resuscitation care. However,
since the quantity of board-certified emergency physicians is
currently very limited, this proposal would be impractical at this
time, since it would feduce the number of physicians eligible to
practice in the emergency room.

The interface between the emergency room physician and inpatient
hospital specialists is often a source of professional and admini-
strﬁtive confusion in American hospitals. Thus, the quality of
follow-through care requiring surgery or intensive care in very
specialized units is highly variable and may be unrelated to the

quality of initial life-support care. .
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An interesting study of vehicular fatalities caused by
abdominal injuries by Gertner, Baker, Rutherford, and Spitz kl972)
bears on the question of quality of inpatient care. These authors
found an interesting relationship between the type of hospital
and the number of deaths due to abdominal injuries in cases where
the deaths occurred a considerable time after the accident. More
deaths would be expected on the basis of the distribution of all
motor vehicle-related injuries seen in the city occurred in the
six hospitals which see the fewest highway injuries while fewer
than the expected number of deaths occurred at the two university
hospitals. The authors conclude that "the uneven distribution of
deaths, suggesting that hospitals differ substantially in their
ability to provide emergency care to the severely injured, supports
the current campaign for a system of categorization of emergency
care facilities of all hospitals." It should be noted that this
study is one of only a few clinical studies of its kind and is based
on a sample of only thirty-three cases.

The findings of Gertner et al (1972) bear on the second
question presented at the beginning of the chapter - the relation-
ship of categorization standards to patient outcomes. It is
interesting that standards for emergency room physicians stress
experience and knowledge in the handling of emergency cases while
standards for inpatient hospital specialists do not. The Gertner
findings suggest that hospitals which specialize in treating
certain kinds of emergency admissions offer higher quality care
than those inpatient facilities which have less experience in
tfeating emergeﬁcy admissions. Thus, expe;ience on the part of
inpatient hospital specialists in treating emeréency admissions

might be a more appropriate categorization
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standard than the mere presence of specialists and intensive
care facilities at the hospital.

Duplication of inpatient emergency care facilities within a
region may create a situation in which no one hospital staff
gains sufficient experience with emergency patients to provide
optimal quality of care. There is evidence from a study by
Bloom and Peterson (1973) that larger coronary care units have
greater productivity and lower fatality rates within diagnostic
categories. Thus, the distribution of resources within a region
may affect quality of care. In metropolitan areas, strong inter-
dependencies exist so that if one hospital establishes a coronary
care unit, for example, it would affect the utilization rate
of a céronary care unit in a neighboring hospital. In such
cases, according to Bloom and Peterson (1973), "it is clear from
recent history that if decisions about provision of coronary care
units are left to individual hospitals, excess capacity and
inefficiency will result. These decisions must be made by
bodies that are disinterested and have a broader view than that
of a single institution."

Ih rural areas, survival rates are greatly affected by the
quality and timeliness of initial emergency care at the scene
of the accident. A study by Frey, Huelke and Gikas (1969) of
motor vehicle accidents in a rural area indicates that 15 to
20 percent of the fatalities might have been salvaged "by a more
perfect system of care of the injured than now exists". Frey et al
note that some of the "salvageéble" cases required sophisticated

surgical procedures which could not have legally been performed
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by non-physician rescue workers. In one case, salvage "would
have depended on the near-instantaneous éctivation of a perfect
emergency retrieval system". Willemain (1974) notes that other
studies indicate "further reason for caution in extrapolation
from the results of Frey et al (1969)".

'However, the study by Frey et al was one of the few which
attempted to state the elements required to improve the care of
the injured at the scene of the accidents, in transit to the
hospital, or at the hospital. These authors studied autopsy
reports of acc{@ent deaths in order to pinpoint "those skills
and techniques most likely to augment survival of the injured
patient”. The skills and techniques could then be incorporated
into a curriculum for training rescue workers and emergency
physicians. Frey et al found that many of the ambulance atten-
dants who responded to these emergencies were poorly equipped
and inadequately trained. With reference to rural hospital
facilities, these authors point out that "hospital facilities to
which patients were delivered often were not staffed for night.
emergencies, and had to call a physician from his home to
attend the patient. Some hospitals were unequipped in terms of
specialty staff, operating room crew, or blood bank to deal with
a person suffering from multiple injuries."‘

As previously noted, very few input and process standards
(such as the availability of specialists and sophisticated
equipment) have been validated in terms of their effect on
patient outcomes. Thus, at present, we have no way of knowing
"what innovations in either medical treatment or surgical treat-

meht, or in the system itself, are really paying off" (Baker, 1971).
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There are three major factors in determining the ou:come
following a medical emergency. These are: (1) the quality of
initial life-support care; (2) the time interval between injury
and the delivery of this care; and (3) the quality of definitive
follow-through care. The second factor, which involves know-
ledge of the epidemiology of the illness or traumatic event,
may be critical in determiningvthe probability of success of
the emergency treatment. For example, in the case of myocardial
infarction, "approximately 50 to 65 percent of heart attack
deaths occur within the first hour of the attack" (Sidel et al,
1969). An emerééncy medical system must respond very quickly
if it is to have any chance at all of salvaging these cases.

The epidemiology of coronary failure is such as to encourage
decentralization of life-support facilities for coronary care.
As we have seen from the Bloom and Peterson (1973) study, it
may be desirable from the standpoint of quality of care and
system efficiency to limit definitive coronary care units to a
few of the larger emergency facilities within a region. If
sophisticated hospital personnel and facilities are necessary to
significantly reduce medical risk, the contradictory requirements
for accessibility, efficiency, and quality of care may be diffi-
cult to resolve. If relatively inexpensive stabilization and
life-support care can significantly reduce medical risk, then
a policy of transfer of many patients from a resuscitation and
life-support facility to a definitive coronary care unit in
anéther hospital after stabilization might be desirable. This

policy would successfully resélve the trade-off between accessi-
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bility, efficiency and quality of care. Care must be tazken,
however, to minimize at-risk factors during transfer by utilizing
ambulances staffed by emergency medical technicians and equipped
with cardiac drugs, defibrillators, and facilities for telemetry
transmission of the electrocardiogram from the vehicle to the
receiving hospital. Considerations of the effectiveness of
stabilization and definitive care on reducing medical risk for
various types of medical emergencies and the implications of
these considerations for the arrangement of hospital emergency
facilities are considered in greater detail in Chapter Three.
Based on epidemiological studies of coronary heart disease
(Yu et al, 1971), a committee of cardiologists have proposed a
stratified system of coronary care. These physicians state
that:
"Because preventable deaths are occurring before patients
reach medical attention, the delay between onset of
symptoms and the establishment of effective monitoring
and therapy must be shortened. . . Stratified coronary
care means that medical facilities within a community
are organized into a system consisting of three levels
of capability:
1. Life-support Units to prevent and treat cardiac
- arrhythmias, to perform cardiopulmonary resuscitation
and to stabilize patients before transfer to a
Coronary Care Unit. Ambulances and all hospital
emergency areas should have this capability.
2. Coronary Care Units for definitive and continuing
hospital care including facilities for intermediate
coronary care.

3. A Regional Reference Center for comprehensive cardio-
vascular care".

In order to maximize the effectiveness of these life-support
units, they must be strategically located within a planning

region. A methodology for measuring the relative desirability
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of particular arrangements of facilities is given in Chapter

Three. }

TREATMENT OF NON-EMERGENCY CASES IN THE EMERGENCY ROOM

Several researchers have reported the proportions of emer-
gent, urgent, and non—urgent visits to the emergency room in an
attempt to identify those who might reasonably be treated in
another setting.  In the study of Boston area emergency rooms
by Kleinman et ai, 1972, 15 percent of all visits were classified
as emergencies, 57 percent as urgent, and 28 percent as non-
urgent. In a séhdy of New Haven emergency rooms by Weinerman et
al, 1966, 6 percent were rated as emergent, 36 percent as
urgent, 56 percent as non-urgent and 2 percent could not be
classified. It is unclear whether these differences in propor-
tions reflect genuine variation between metropolitan areas, or
simply differences in criteria and definitions. In the Boston

study, the following definitions are presented:

l. Emergency - needs medical attention immediately to
avoid possible loss of life or permanent harm.

2. Urgent - needs medical attention within a few hours
to avoid possible loss of life or permanent harm, and/or
needs medication for pain (other than aspirin).

3. All other conditions.
In the New Haven study, the definitions are as follows:

1. Emergent - Condition requires immediate medical atten-
tion; time delay is harmful to patient; disorder is
acute and potentially threatening to life or function.

2. Urgent - Condition requires medical attention within
- the period of a few hours. There is possible danger
to the patient if medically unattended; disorder is
acute but not necessarily severe.
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3. Non-urgent - Condition does not require the resources
of an emergency service; referral for routine medical
care may or may ngt be needed; disorder is non-acute
Or minor 1n severity.

It is interesting that the New Haven definition distinguishes
emergent from urgent on the basis of severity as well as time
contingencies whereas the Boston definitions stress only the
time factor in distinguishing the urgent condition from an emer-
gency. This difference may account for the higher proportion of
emergencies in the Boston sample.

Whatever the exact proportions of emergent, urgent, and non-
urgent visits, it seems clear the emergency room is playing an
increasingly important role in the delivery of primary medical

care. Gibson (1973a) points out that:

"Patients are much more likely to receive their health
care through an emergency department if they are black
rather than white, young rather than old, poor rather
than rich, poorly educated rather than well-educated,

and urban rather than rural dwellers. If these character-
istics are combined, as they undoubtedly are in many
inner-city areas, it is likely that emergency dearrtments
provide no less than 75 to 80 percent of all health care
received by ghetto populations. . . In most inner-city
areas, private physicians who relocate or die are not
being replaced and contribute to a situation where large
concentrations of low-income groups have neither physical
nor financial access to a private ambulatory health care
system."

It should not be assumed automatically that the utilization
of the emergency room for primary medical care is inappropriate.
As in any evaluation, this determination should be made on the
basis of an assessment of the accessibility, quality of care,
and efficiency of the service. Although there has only been
one study that we could find on the quality of care received

by non-emergency cases in the emergency room, this study does

indicate that the treatment of these cases in an emergency room



-45-

setting leaves much to be desired. 1In the study by Brook and

Stevenson (1970), "the health system exerted a positive

effective action in only 38 out of 141 patients (27 percent)".

These authors conclude that:

care

"By every criterion included in this study, the medical
care was both inefficient and inadequate. The house
staff performed incomplete physical examinations and too
few routine laboratory tests for these patients. A
rewarding physician-patient relationship was lacking, as
indicated by the few patients who knew why they were
scheduled for diagnostic x-ray studies or who learned

the results of such procedures. When responsibility
shifted from the emergency room appointment delays
resulted in further inefficiency. . . The emergency room,
staffed by interns and residents working long hours and
psychologically prepared to handle catastrophies, must
also handle an increasing case-load of non-emergency
problems requiring integration of diagnostic and thera-
peutic services over a given period. The quality of care
received by these patients is largely a matter of conjec-
ture since no follow-up studies on non-emergency cases
seen initially in the emergency room have been reported
in the medical literature in English."

Gibson (1973b) cites data indicating that non-emergency

which is rendered in an emergency care facility becomes

increasingly expensive as the facility becomes more comprehen-

sive.

tion

He states that:

"System over-response (a patient going to a facility
with more resources than necessary) represents a prodi-
gal waste of expensive resources and indeed, excess
system costs for the same treatment. Standardized
patient charges per visit, for example, were $40.05 at
comprehensive facilities, $26.39 at major facilities,
$19.48 at general facilities and $8.25 at basic facili-
ties."

One of the goals of primary medical care is the considera-

of the patient as an individual. Follow-up care, multiphasic

screening and a personal relationship with a particular physician

or medical group are all considered to be components of good

primary care (Webb, 1969). In emergency medicine, on the other

hand, the response must be to the crisis itself and the stress
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is on appropriate treatment within a reasonable timeframe.
Emergency care is by nature episodic and continuing care cannot

reasonably be expected to be provided in an emergency setting.

Emergency Medical Services In The Soviet Union

In order to help structure the discussion of alternative
means of providing Emergency Medical Services delivery systems,
a brief description of the Emergency Medical Service system in
the Soviet Union is presented (from Scribner et al, 1974 and
Storey and Roth, 1971).

The mocst striking difference between the Soviet and
American systems can be found at the process levei. In the
Moscow EMS, it is possible to greatly reduce System Under-
Response and System Over-Response because, once the patient
has dialed "03" to enter the system, the system decides where
the patient should go. In order to enter the system, the
patient or passerby simply dials "03" from a public telephone
(a free call). The call is received by a physician or feldsher
(a highly trained paramedic at a central telephone dispatch).
The dispatcher takes a brief history and decides whether the
situation is emergent or not (a possible source of system
error) .

The basic philosophy of the Skoraya (as the EMS central
organization is called) is to "Send the doctor to the patient".
If the situation is considered by the dispatcher to be emergent,
a specially equipped ambulance with the appropriate specialist
is dispatched from one of the 22 regional aid stations. The

dispatcher has at his disposal an up-to-date listing of the bed
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situation at each of the city's emergency hospitals. The
dispatcher can thus direct the delivery of the patient to the
appropriate facility.

The modus operandi of the Skoraya is to apply life-saving
and life-supporting measures at the scene of the accident and
during transportation rather than merely transporting patients
to the hospital as rapidly as possible. There are six specialty
medical brigades manning the specialty ambulances: cafdiology,
trauma and shock resuscitation, toxicology, neurology, acute
abdomen, and pediatric emergencies.

In Moscow, there are five hospitals which are dispersed
geographically throughout the city and which receive the vast
majority of emergency hospitalization. Scribner et al, 1974,
point out that each of these hospitals has:

“épecialty wards analogous to the specialty brigades

previously described. On these wards, the EMS specialist

gains expertise in the treatment of emergency diseases.

He also gains follow-up experience and thus receives

feedback on the quality of his treatment at the scene.

Surgery, of course, is performed by surgeons, but the

Skoraya specialist will participate in pre-operative and

post-operative patient management."

The Moscow system is interesting because it greatly reduces
the inappropriate utilization problem which plagues American
EMS systems in metropolitan areas. System Over-Response A is
greatly reduced by sending lifefsupport and resuscitation teams
to the scene of the emergency (a problem may occur here if
the nearest specialty ambulance is on another call or if the
emergency victim or a passerby fails to call the emergency

number). System Under-Response B might be reduced since the

specialized emergency hospitals receive almost all of the emer-
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gency admissions. In rural areas, patients are transferred to
regional centers or major medical institutes as the severity of
the illness warrants.

By removing the inappropriate utilization problems at the
process level, the Russian system permits a much cleaner study
of the relationship of resource inputs to medical outcomes than
does the American system. The accessibility/efficiency trade-
offs at the input level that exist in the American system are
also present in the Russian. The Russian system, because of
the way it is organized, permits research on quality of care to
be incorporated more quickly into standards for resource inputs.

It would be interesting to contrast the Russian and
American EMS systems in terms of actual beneficial outcomes
in the management of emergency illness. Unfortunately, the
data are not available to do this. One might hypothesize that
because emergency patients are hospitalized in specialized
emergency hospitals, the kinds of barriers to quality emergency
inpatient care discussed by Gertner, et al, 1972, would be

reduced in the U.S.S.R.

CONCLUSION

In conclusion, we note that there are many unresolved
conceptual issues in the area of emergency health facility
planning. In particular, the question of evaluating proposed

changes in the arrangement of emergency health facilities in

order to determine overall improvement has not been adequately
answered in the literature. The often conflicting requirements
for accessibility, efficiency, and quality of care have not

been delineated with sufficient accuracy to permit planners to
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make intelligent trade-offs when necessary. Research into the

epidemiology of emergency illnesses and traumatic injuries has
. not been sufficiently integrated into the emergency health

facility planning process. As a result, accessibility require-

ments for emergency facilities have never been accurately

e defined.

In contrast to the arrangement problem, the facilities

utilization or matching problem has been well defined by Gibson
(1973b). However, the utilization problem has not been
adequately recognized or solved at the implementation level by
EMS planners in the United States. As we saw in the preceding
 seétion, considerable progress toward solving this problem has
been made in the Soviet Union.

| As a theoretical contribution, this report will attempt to

clarify the facilities arrangement problem by means of a

mathématical model. This effort will be described in Chapter
Three. Chapter Four will focus on some of the practical
problems in implementing desired changes in health facilities
‘arrangement and utilization. Interviews with EMS planners in
hospitals, regional organizations, and various levels of
government will be reported. Finally, Chapter Five will present
. policy récommendations for the improvement of regional emer-

gency health facilities planning.
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CHAPTER THREE

A QUANTITATIVE MODEL OF COVERAGE
WITHIN AN EMERGENCY MEDICAL
PLANNING REGION AND AN APPLICATION
TO GREATER BOSTON

INTRODUCTION

In Chapter Two, we saw that the question of evaluating
proposed changes in the emergency medical system in order to
measure overall improvement has not been adequately answered
in the literature. One reason for this deficit is the problem
of defining an appropriate measure (see Willemain, 1974).

It is difficult to use an outcome measure for a proposed
system change unless the change has actually been implemented
on an experimental basis. Furthermore, as Willemain (1974)
points out:

"Valid outcome measures are difficult to implement. Some

of the problems are clinical, in that medicine does not

yet fully understand the relationships between treatments
and outcome. Some of the problems are conceptual, in

that the concept of 'patient status' is elusive in all

cases except death."
The choice, therefore, is often between using an input or a
process measure of system improvement. Since process measures

such as Gibson's system under-response are measures of facility

utilization, it is again difficult to evaluate a proposed change

without implementing the change on a pilot basis. Also, the

use of process measures assumes that there is a system potential

which is not realized because facilities are inappropriately

utilized. What is that system potential? How do we measure it?
As we pointed out in Chapter Two, an input measure of

system potential is based on a comparison of clinical care
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capabilities within a region‘with the expected distribution of
the number and kind of medical emergencies. Facilities are
evaluated in terms of care cabability, quantity and location.
Such input measures as number of emergency treatment rooms per
capita and full-time emergency physicians per capita are
incomplete because théy do not consider overall care capabilities
or the distribution of resources among facilities within a
planning region (Willemain, 1974). A

An input measure called emergency medical coverage is
proposed here in an attempt to remedy these deficiencies in
defining system potential. This measure takes account of the
fact that a planning region has a particular spatial distribution
of demands for service and a certain number of treatment
facilities with varying care capabilities spatially distributed
throughout a region. Although the coverage function has a
precise mathematical definition which is given in a subsequent
section, it is conceptually designed to be a measure of goodness
of fit between the configuration of EMS facilities within a
planning region and the spatial distribution of demands for
emergency medical services. Our goal in defining this measure
is to enable us to quantify the effects on emergency medical
coverage of proposed system changes so that we may at least rank-
order the options under consideration.

" Risk is defined here as the inverse of coverage. In

other words, if risk is minimized, coverage wili be maximized,
Both terms are used to describe the independent variable in

the following discussion.
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It should be stressed that the term risk, as used here,
refers to the risk incurred by the patient due to the spatial
separation from a medical facility of the appropriate level.

In this context, we recall Weinerman's (1966) definition of

the emergent patient as one whose "condition requires immediate
medical attention, tiﬁe delay is harmful to patient". There-
fore, the term 'risk' as used here does not refer to the
overall risk of loss of life or disability incurred as a result
of the medical emergency. Rather, it refers to the additional
risk incurred Que to the lack of immediate availability of

appropriate medical coverage.

DESIRABLE PROPERTIES OF A COVERAGE OR RISK FUNCTION

In order for the coverage or risk function to be useful
as a measure in emergency medical services planning, it must
incorporate many of the factors cited in the literatute as
being desirable in a good emergency medical service system.
In other words, the characteristics of a good arrangement of
facilities should be reflected in a high coverage or low risk
score and the ch&racteristics of a bad arrangement of facilities
should be reflected in a low coverage or high risk score.

For example, proximity to a treatment facility is
considered to be good because the patient may be brought to
the treatment facility without considerable time delay. For
some kinds of emergencies, it may be safe o transport a
patient as quickly as possible to the nearest definitive care
‘facility ﬁhereas in other cases it may not be safe to do so
without first stabilizing the patient. Some types of emer-

gency may be treated definitively at a community hospital
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whereas other diagnoses are too complex and must be referred. to
major regional centers. Some hospitalsxcan provide comprehensive
care for one type of emergency, but can only provide stabiliza-
tion and immediate transfer for other diagnostic categories.

All of these factors are incorporated into the coverage function
which is defined and iliustrated below.

Certain factors may be irrelevant to improving emergency
medical system coverage and‘should therefore be left out of the
coverage function; for example, if two hospitals very near to
each other both provide a comprehensive care capability in a
given diagnostic category, one of them may wish to downgrade
its service and refer patients to the other hospital to avoid
duplication and unnecessary expense. As long as the other
hospital has sufficient capacity to treat expeditiously all
the emergencies in that diagnostic category, we assume that
there is no loss in emergency medical coverage. Under these
circumstances the coverage function defined here does not give
extra credit for an additional spatially adjacent facility with
the same care capability. The model assumes that a single
facility has sufficient capacity to take care of the patient
load. This assumption permits the detection of "duplication"
of facilities.

The reason a quantitative approach to coverage is taken
here is that it allows one systematically to evaluate a pattern
or configuration of emergency hospital facilities within a
region. Most of the re;evant factors which have been cited in
the literature as being important to optimal medical coverage

have been included in the equation for the coverage function.

In addition, the technique provides a way of embodying within
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the model a physician's subjeciive impressions regarding the
relative importance of time to treatment within a diagnostic
category. The way in which this ié done will be illustrated
later in this chapter. The important point here is that the
physician or planner can set this parameter himself and then
evaluate the implications in terms of the recommended placement

of various levels of treatment facilities.

ELEMENTS AND ASSUMPTIONS OF THE MODEL

In order to assign a value to a particular pattern of
configuration of facilities, an equation for computing the
coverage function must be developed. This equation can then
bevused to rank-order various configurations of EMS facilities.
Each facility is assumed to have a care capability category
and fixed location associated with it.

As a point of reference for the discussion of the assump-
tions which are made in the equation for the coverage function,
the following diagram is presented as Figure 1.

Figure 1 is a diagram of a hypothetical planning region
with three towns, one city, apd three hospital emergency
facilities. We wish to determine the hospital emergency
coverage within this regipn for high-risk neonatal and pedia-
tric patiehts. Town A has a population of 5,000 and no hospital.
Town‘B has a population of 20,060 and a Level 2 hospital, Hé,
with the care capability to tréat all but tﬁe most serious cases
in this diagnostic category. Town C has a population of 10,000
and a Level 3 hospital, Hs, which provides only stabilization

and immediate transfer capabilities. ¥Finally, City D has a
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The Arrangement of Hospital Emergency Facilities
In A Hypothetical Planning Region

¥

own A

Figure 1
(P = Patient)

Place Population
Town A 5,000
Town B 20,000
Town C 10,000
City D 50,000

Mileage

(H = Hospital)

H H H

1 2 3
Town A 20 10 5
Town B 15 1l 10
Town C 18 10 1

City D 1 15 18
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population of 50,000 and a Level 1 hospital,_Hl, with the

care capability to treat even the most' serious high-risk neonatal
and pediatric cases. The distances between the towns, city, and
hospital emergency facilities are shown in Figure 1.

The coverage function is designed to measure the desirability
of an arrangement of émergency facilities, such as the arrange-
ment of facilities shown in Figure 1. Since a medical emergency
creates a situation in which a time delay in receiving medical
treatment could be harmfui to the patient, it is desirable for
the spatial distribution of facilities to correspond closely to
the distribution of demands for services. 1In other wordg, the
hospitals should be accessible to the patients who need them.

In a‘strict sense, temporal rather than spatial proximity is
desired, but the two are closely correlated if the same or
similar modes of transportation are utilized. It is sometimes
a useful simplification to assume that travel speeds are
constant throughout the region so that distance can be used as
a surrogate measure for time.

In the coverage function which is defined here, it is
assumed that coverage is an inverse function of distance; in
other words, coverage is maximized if the average distance to
an appropriate treatment facility is minimized. The average
distance should be computed from the spatial distribution of
demands for service so that appropriate weighting is given to
geographical concentrations of demands for service within a
‘region.

As an illustration of the relationship between coverage

and distance, consider Figure 1. A resident of City D is
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assumed to have better coverage for high-risk neonatal and
pediatric cases than a resident of Town A. This is because

H;, a facility which can provide definitive care for even the
most serious high-risk neonatal and pediatric emergencies, is
located in City D. 1In terms of computing the coverage function
for the entire region, the value of the coverage for City D
weighted ten times as heavily as the value of the coverage
function for Town A. This is because the value of the coverage
function is proportional to the spatial distribution of demands
for service. It is assumed that demands for service within
each diagnostic category are proportional to population. City
D has 50,000 people while Town A has 5,000. |

In the model presented here, risk is defined as the inverse
of coverage. 1In other words, if risk is minimized, coverage will
be maximized. Both terms are used to describe the independent
variable in this discussion. For example, we can say that risk
increases with distance or that coverage decreases with
distance. In Figure 1 a resident of Town A is considered to be
at greater risk in case of a neonatal or pediatric emergency
than a resident of City D.

From the standpoint of system efficiency, it is desirable
to minimize duplication of facilities so that facilities' cost
can be minimized for a given level of coverage. For the sake
of simplification, the assumption is made here that a given
facility has sufficient bed and staff capacity to provide
coverage for a given geographic area. Therefore, it is aséumed
that there is no reason for the duplication of facilities in

order to increase capacity.
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A complicating factor is introduced when we consider the
categorization of facilities into groups which have different
functions. Different kinds of patients require different
kinds of facilities. The distance to be minimized in order to
maximize coverage is the distance from the emergency to the
nearest appropriate tfeatment facility. Some hospitals,
such as H} in Figure 1, treat even the most serious cases
within a certain diagnostic category while other hospitals,
such as Hz, may be prepared to treat all but the most serious
cases. Still ?ther hospitals, such as Hj, may provide only
basic stabilization and immediate transfer while others may not
provide any services at all for the particular type of emer-
gency under consideration. These variations in hospital
care capabilities must be considered in relation to patient
needs when measuring emergency care coverage within a region.

Another complicating factor in designing a coverage func-
tion is that individual hoséitals may vary in the level of
care they provide for different types of emergencies. Thus,
a_hospital may treat even the most serious coronary cases bqt
only provide basic stabilization and immediate transfer for
high-risk neonatal and pediatric patients. The coverage
function must, therefore, be computed separately for each
diagnostic category.

The importance of the travel time from a medical emergency
to a treatment facility also varies with the type of emergency.
‘The epidemiology of the emergency may require that medical

care be delivered in a very short time. In other diagnostic

categories, time to treatment may be somewhat less critical.
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Therefore, an epidemiology constant must be included in the
coverage'function for each type of eme}gency so that the gain
in coverage from being ten miles rather than twenty miles

from an appropriate facility can be accurately assessed. It
should be pointed out here that the importance of time to
treatment may vary coﬁsiderably within a diagnostic category.
It is aésumed here that differences in epidémiology across
diagnostic categories are.significant when compared with intra-
category vériation. We, therefore, feel it is a useful simpli-
fication to estimate an epidemiology constant for each diagnostic
category.

As an illustration of the use of an epidemiology constant
in the model, again consider the hypothetical planning region
depicted in Figure 1. The epidemiology constant E is used as
an exponent to the distance D from a definitive treatment
facility to obtain the value of the risk function for an emer-
gency-occurring at any point P, In the form of an equation,
the ﬁalue of the risk function R at any point P can be expressed
as Rp = DE. If we assume that the epidemiology constant E = 1,
then risk to the patiént is directly proportional to distance.
As an exampie, consider the case of patient Pl’ who is four
miles from a treatment facility, Hl and patient P2, who is two
1 is
=2. Let us now

miles from a treatment facility, Hl‘ The risk to patient P

Rp=DE=41=4. The risk to patient P2 is Rp=DE=2l

assume that the epidemiology constant E = 2., Then the risk to

patient Py is Rp=DE=42=16. The risk to patient P2 is RP=DE=4.

In other words, the risk to patient Pl is now four times as

great as the risk to patient P,. Finally, let us assume that
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the epidemiology constant E = 1/2. The risk to a patient P3,
who is sixteen miles from a treatment facility, Hl (assuming

that this is the only treatment facility in the region) is now

E . _1/2
=D '=16
Rp

from the treatment facility is Rp=DE=4

=4. The risk to patient Pl who is four miles away

1/2=2. In other words,

‘the risk to patient Pé is only twice as great as the risk to

patient Pl’ despite the fact that patient Py is four times as

far away from the treatment facility. We can see, therefore,

that the epidemiology constant is a way of embodying a doctor's

subjective impression of the importance of an hour or a mile.

Tﬁe simple exponential form of the constant is not intended

to be definitive, but illustrative of the way epidemiological

considerations can affect the relative goodness or badness of

an arrangement of treatment facilities. The epidemiology

constant need not be cliniéally exact since it is not used in

clinical decision-making but only to help determine the

relative desirability of arrangements of treatment facilities.
The importance of basic stabilization and life-support

care also varies by diagnostic category. It may be assumed

that the risk of travel to a definitive care facility is signifi-

cantly reduced by initial stabilization and life-support care.

Iﬁ the model presented here, the risk to a stabilized patient

10 miles from a definitive treatment facility is considered to

' be some fraction (called the stabilization constant, S) of the

risk for an unstabilized patient the same distance away from
‘a treatment facility. The specific value of the fraction
depends upon the relative importance of stabilization to an

emergency patient within a diagnostic category.
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Rcturning again to Figure 1, let us assume that patient P3
has been stabilized at a Level 3 hospital before traveling the
16 miles to definitive treatment facility Hj. Assuming that the
stabilization constant S = .5 and the epidemiology constant E = 1,

E=.5 X (16)1=8. The stabilization constant

the risk function Rp=SD
is assumed here to modify the coverage function in a linear
fashion. That is, the form of the risk function for a stabilized
patient is similar to the form of the risk function for an
unstabilized patient. The value of the risk function for a
stabilized patient is always a constant fraction of the value of
the risk functign for an unstabilized patient at any given
distance from a definitive treatment facility. Figure 2 illus-
trates the shape of the risk functions for stabilized and
unstabilized patients with E= 2 and S = .8.

The exponential form of the epidemiology constant is used
because it allows for variations in the importance of time to
treatment units as time elapses. Very few research studies
have examined the relationship between survival rate and time
to treatment. The studies which do exist (Andrews, et al, 1973;
Crétin, 1974) indicate that a non-linear relationship does exist
between survival rate and time to treatment for acute myocardial
infarction (Cretin, 1974) and Hypertensive and Arterioselerotic
Heart Disease (Andrews, et al, 1973). These findings do indicate
that an exponential form is proper for the epidemiology constant
with E<<1 in both cases. Interesﬁingly, Ardrews, et al (1973)
found no significant relationship between survival rate and time

to treatment for the other four categories of emergencies which

were studied: (1) crushing, perforation and internal injuries;
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The Relationship between Risk and Distance For
Stabilized and Unstabilized Patients with E=2 and S=.8

Figure 2
' { bilized
Unstabilize
25 /
20 Stabilized
Risk
(R.)
RP 15
10
5
0
b'e
0 1 ) 2 3 4 5
Distance
(x) Distance 1 2 3 4 5
’ --- Rp (Unstabilized) | 1 4 9 16 25
(y)
— Rp (Stabilized) .8 13.617.2112.8 |20

R, (Unstabilized) = pE = p2

SDE = .8(D)2

Rp (Stabilized)

E
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