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ABSTRACT

Despite the recent appearance of a number of reports and, their
recommendztions on improving emergency ambulance systems, thefe is
reason to believe that the actual changes and improvements in most large
urban operations are small. A major problem is the difficulty encountered
by an admninistrator in trying to translate general recommendations into
specific proposals with regard to the type and the size of the operation
with which he is concerned. This document attempts to provide a raticnal
franevork for decision-making so that en administrator may initiate
changes with some degrez of confidencs,

The analysis of the emergency ambulance service is based on the
importance of the time elapsing between-the occurrence of the emergency
and the first arrival of a properly equipped ambulance arnd “ts well
trained crew. Thils response time is considered in terms of two components:
the dispatch delay (the time between the reception of the call and an
ambulance being available to respond) and the travel delay (the timeo
taken for the ambulance to travel to the ' scene of the emergency). As a
first approach to modelling the dispatch delay simple results from the
theory of queues are invoked to relate the probabiliity of a dispatch
delay and its expected length to the rate at which calls arrive, the
time taken to service calls, and the number of veliicles assigned to the
service. As a result c¢f the insights afforded by this modelling effore, -
another model is developed to show how a higher quality, reduced cost
service may be provided using "secondary" ambulances. By making simplify-
ing assumptions about the spatial distribution of demand and the ‘Street
layout in a city, models of the expected travel delay are developed for
different distributions of ambulances. o .

Using estimates of the costs of vehicles, equipment and manpower it

becomes possible for the ambulance scrvice administrator te compare the

level of service, in terms of the response time, with the expected costs
of providing such a service. This cspabllity is important in the desien
of emergency ambulunce systems, in predicting budget requircments in the
future, and evaluating alternative metheds for providing the service.
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CHAPTER ONE: INTRODUGTION

1.1 Background

'

For many centurles men have pursued wars with great earrestness
and concern., It was not, hovever, until thg Napoléégic Wars of the
early ninetecnth century that history was able to record an interest in
the well-being of the soldiers who were wounded in these bloaﬁ'conflicts.
Baron Jean Larrey, Napoleon's Surgeon-General is the man to whom credit
must be given for first organizing the transport of the injured to
facilities located away from the battle, where medical treatment was
administered.ilo]*

Ambulance tyansportation fiyxst came to America through another

soldier, Dr. Edward B. Daltoﬁ, who arranged for the transport of injured
merbers of the Aimy of the Potomac duriné thq Clvil war., Not surpris-—
ing]y,‘perhaﬁs, emsrgency anbulance tranéportation has retalned a low-
priority position in our present highly developed, urbanized society.
Men heve always been nore concerned with the relatively glamorous public
service tasks of apprchending criminals and extingﬁishing fires, than
with transferring sick or injured pcople to~hospita1;. The result is
that while cit;es and towns across the Eounﬁry have tightly organized

police forces and fire departments with their relatively well paid

members, the provision of emergency medical transportation has been left

*Numbers ddentify references listed at the end of the document.
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to the consciences of civic-minded people. Consequently the provision
of emergency ambulance scrvice across the couniry appears to be a dis-
organized and haphazazrd potpouri of people and iuterests: The list of
organizations providing such a service includes morticians and small
private operations that often struggle to stay in business, municipal
police and fire departmants that include ambulance services as an
adjunct to their other work,'small groups of voluntecrs, and such
unlikely candidates ag taxi-cab fleets and gasoline stations. Among
many of these groups the quality of the care and transpoftation leaves
much to be desired, not necessarily because of ohtuseness, but often
because of a lack of information and finance.

In the chaotic picture of ambulance services, there are discernable
trends to which we shall rcturn in a later chapter. These arckthe
results of changes in the political and lagal environment in which the
services operate. These changes have developed following a preat surge
of Jnterest in the subject éver the last four or fi&e yeavs, For more
than two decades the medical fraternity has complained in its journals
about the state of emergency health services in the nation, and about the
emergency awtbulence servicesg in particular., It was not until the publica-
tion in 1966 of "Acqidontal Deaphs: "The Neglected Discase of Modern
Socieﬁy"[l] by the National Academy of Sclences and the National Research
Couﬂcil that the concern over poor standards of both equipment and
attendants' training becam2 nationwide. This monograph pointed out that

deaths from accidents were rising at an alarming rate, especially those in



-12-
automobile accidents: We reproduce some relevant statisties in the

table below:[16]

Table 1,1: Deaths from Accidents in the 0U.S.A.
Deaths Deaths per 100,000
(1000) population
1950 | 1960 1966 | 1950 | 1960 | 1966
All accidents 91.2 | 93.8 | 113.6 | 60.6 | 52.3 58.0
Motor vehicle 34.8 | 38.1 |« 53.0 | 23.1 | 21.3 | 27.1
accidents :

The link between an accident victim and the hospital in which his hopes
for survival may lie is the cmérgcncy ambulance and its crew. The
importance c¢f whet had beea a neglected servvice recceived attention

for the first time,

There were other changes in our socie?§fﬁhat have helped to focus
attention on the state of emergcnéy ambulance gervices. The rising costs
of medical care are too éell knévn ﬁo require docuﬁentation. In addition
there has been a steady dacline in the number of phvsicians in genaral

practice, ac is indicated in the following table:[lG}

i

Teble 1.2: Physiciang iun the USA:  Number Per 100,000 Population

s 1950 1955 1960 1965 1967

Active Physicians. 141 141 140 145 150
Private Physicians 109 102 98 100 100
General Practitioners 72 59 47 39 36

C=13-

The net resulﬁ 1is that many peoﬁie can neither find nor afford a private
doctor. Instead of receilving treatment.at home, they must . travel to the
emergency.ward or the outpatients' department at a local hospital. 1In
cases of sudden severe illness or.accident, these people may need to use
an emergency ambulance service. The steady increase in ?he use of these
services as documented extensively in the report, "Description and
Anal&éis of 18 Proven Highway Emergency Medical Systems" by Cooper et
al.lz] confirms the above hypothesis, as do the overworked ambulatory

. ' [3,14,15,22,23]
service facilities in hospitals all over the country.
Finally, we note.the warning sounded by Dr. David Rutstein in his

n(18] that the trend towards

book, "The Coming Revolution in Medicine,
the regionalization of medical éarc can only be accomplished with "care-
ful pleaning and an efficient tramnsportation and communicgtiqué system,"
Under‘regionalized hospital systems, there will be an increaseTin the
vglumc of inter-hospital traffic. In additiom, with hospitals sPecial§2*
ing in particular types of treatm;ﬁt, ambulances will have to be.dis—

patched to emergency wards that are appropriate to the condition of the

individual patient.

1.2 Emergency Ambulance Operations

As a first step tcwards‘understanding more clearly why problems
exist in the provision of ambulance service, we shall briefly review the
différent methods of operation. Since there exists no naticnal ccordinat-
‘ing body to supervise the organization of services, the variety enrcountered
is not really surpriéing. We may divide the different operations into

four broad groups:

o b Aot s b, H b ]




1.2.1 Private Concerns

1.2.2 Volunteer Groups

~14~ &

(1) Private concerns
(2) Volunteer groups
(3)*ﬁHunicipal services

(4) Combinations of the above.

According to a survey reported in reference [ 7 J, until about
five years ago 91 percent of the municipal operations in the U.S

were in the handg of private companies. Of these about 80 percent

were funeral homes., The Survey was taken over cities of very

different sizes, the majority of which had populations of less than

ZS,OOO,Aand it is therefore difficult to draw strong conclusiong;

but it is known that until very recently morticiszns operated nearly

one-half of the natioa's 40,000 ambulances.

The same survey indicates that funeral homes are the major

«

eme ¥ v 111> R ...- ‘ N N
ergency ambulance purveyor in the southern states of the country
’

while private conpanins (non-mortician) are by far the most prominent

on the West Coast. Morticians and private companles gencrally pro- ;ﬁ

vide the em91gency service in small towns, usually as an adjunct to

the regular, wore routine ambulance transfers that form the major

pact of the pPrivate operation's business, Tvo very large private i

emergcncy'sarviges are in Seattle, W"shington and Dade County, Florida §:

In small Lovnq, 1ura1 arpac and even sonie of the burgeoning

subuxbs, m'voers of the cowmunity havo banded together to provide a-

T T i A N C N - O ——
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service staffed entirely by volunteers. By removing salaries from
the expenses of operation, it has‘been possible to provide emergency
. traasport where economically it appeared infeasible. Funds are
usually collected from the community by,means,pf charity drives.
As wealthy an area as Betheéda-ChQVy Chase in Maryland, for

example, is served by a voluntec:r service.

1.2.3 HMunicipal Services
In most of the large cities, New York, Washington, Chicago, San

Francisco, Boston, Baltimore, the emergency ambulance sexrvice is pro-

vided by one or another municipal agency, usually free of charge to

the patient. The types of agency can conveniently be broken into
three groups:

’(a) Police: Station wagons and paddy wagons used for patcol duties
have been equipped with bandages, splints, oxygen tanﬂ;, and
stretchers, and respond to requeéts fo; eniergency transporta-
tion received by the police dispatcher. Sincé the police
vehicles are on continuous patrol throughout the city, the
response time (i.e., the time between the reception of é call

- and the arrival of an ambulance) to an emergency is very
small. The cost of this type of system is lcw, because time
not spent on ambulance duty‘is spent on preyentive patrol.>
Thg disadvahtages of the operation are that the vehicleé do
not meet current state specifications as ambul;ndes, and that

the first aid training received by policewmen is minimal. Two




(b)

(e)

- =16~
cities proQidiﬁg the service in this manner are Boston and
Louisviile, Kentucky.
Fire Dcpartménts: Firemen have always received first aid as a
part of their training, and most fire departments have rescue
compahigs (oir squads) whose task it is to rescde and treat
inhabitants and firemen injured in burning buildings. The
rescue squads uge vehicles desigged to transport patients and
equipped with first aid suppiieé.‘ In small cities the fire
department therefore often providesthe non-fire emergency
service. A typical example is the'city of Cambridge,
Massachusetts. In other instances the fire department has
been the nucleus around which a volunteer amﬂulance service
has formad. In Chicago and Baléimore the fire departments
have formed a separate squad to provide city-wlde emergency
service.
Ho;pitals: Despite their close zssociations with the ambulance
service there appear to be relatively few hospitals that provide
an emergeuncy service. Some hospitals do have their own
ambﬁlances, but one of the few citles with a hosbital based
emargensy ambulancé sérvice is New York. Ambulances located .
at hospitals thréughout the c}ty respond tq calls in regions
associated with each hospital., Patients are usually taken to

the hospitalyfrom wvhich the ambulance was dispatched. An

advantage of ‘this systcm is the‘possibility~of the attendants

:receiving‘training at the hospital, and perhaps of wOrking in

-17-
the emergency ward. A disadvantage is the long rzsponse time

from hospitals serving large regions because the ambulances

* are not dispersed geographiaally.

1.2.4 Combinations

1.3

It is not difficult to imagine the possible combinations of the
systems described above. In almost .any city,.the police by the
nature of their work, play some part in the emergency gservice. Very
often tﬁe police department dispatches the ambulances, and police
vehicles, even wh;n not the priﬁary emergency service, transport
people with minor injuries to hospitals. In the city of Cambridge,
Mass., the police department receives calls for transportation, and
also handles minor injuries. The fire department provides the major
emergency service, with support from a private company. In. one Rhode
Island commﬁuity, Pawtucket, the fi;e rescue squad answers calls,

administers treatment and then tuyng the patient over to a private

company for transport to the hospital.

Recent Davelovpments .

The first response to the recent appeals for improved ambulance_

services éame'with the passage of state laws specifying minimum standards

of operatidn for those engaged in the service. These covered the train-

ing ahd licensing of ambulance personnel, the equipment carried on the

anbulance and some features of the vehicle's design. A typical example

of these standards is included in thie document as Appendix C.
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A significant step occurred in 1566 when ambulance personriel were
Zancluded iﬁ the provisions of the Fair Labor Standards Act,’and thereby
qualifigd for a minimumjﬁage éf $1.60 .an hour. Previously, operators
running an ambulance business that was only marginally profitable kept
salaries below the minimum wage. An obvioug result was tgat the people
employed as ambulance attendants were the2 who were unable to find
other, more lucrative work, and therefore not necessarily the most suit-
able:for the job;

The Departmerit of Transportation, which is the Federal agency most
closely connected with'improving the quality of emergency tranéportation,
has furnded a number of studies. These have included iséuing guidelines
for the operation of sefvices, analysis of existing operations, suggaested
training programs, and fairly detailed economic analyses.

Finally, the extension of the Medicare and ﬁedicaid programs to
iﬁclude redically necessary transpertation haé eased the financial burden
on some ambulance opearators, ‘and allered tﬁglimprovcmgnt of equipment an:d
the increase in salaries. 1In addition, under the Highway Safety Act (1966),

some money has been made availlable to subsidize the provision of

' ; . )
emergeincy services related to highway accmdents.[l7‘

1.4 Current Concerus

- The passage of high-minded legislation, while it may connote
concern about a social problem, does not necessarily reflect complete
understanding of the causes of the problem nor anintention to provide .

the Tcans to overcome these. - The legislation defining'minimum standards

e
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of ambulance practice, while a necessary step in improving the quality
of emergency care, did not provide the means for carrying out the improve~

ments. Many small private companies operating their emergency services

close to the margin have simply declined to continue this aspect of their .

work when faced with the prospect of increased costs to meet higher
standards. Even in some of our larger cities the emergency ambulance
service is provided as it always was at gtaﬁdards that are now legally
unacceptable because no money is forthcoming to carry out improvements.

Even where money has been available (under the Highway Safety Act,
for example) it has been left largely untouched because of the difficulty
encountered by administrators in trying to translate general recommenda-
tions into specific proposals with regard to the type and size of the
operation with which they ere concerned. One of the main concerns of
this report is an attempt to .provide a ratioﬁal framework for decision-

3
méking so thatlthe‘administrator might initiate changes with some degree
of confidence.

In the nationwide survey reported in reference no. 5, the following
wera the major problems outlined by administrators of current ambulance
systems (in order of importance): .

(35 The hiring and retention of reliable persornel: Low salaries
'éﬁd ﬁoor wérking conditions cembine to discourage most pgople
from a job that involves great_personal responsibility and
'embtional'stress.j Avéonsequcnée héaﬂbéeh that very often
people emnployed és ambulance attendants .are those least

| qualifiedltd'react approprilately in an emergency situation,
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(b) Finances: Collectigg payment for ambulance transport in an
emergency situation appears to be a problem in most commercial
operations., ﬁAt the time of the emergency it may be impossible
or improper go request payment, so that the operator must rely
on postal billing. DBecause the patient's bill.reflects the
average rather than the marginal cost of his trip* it usually
appears to be excessively large in relation to thebservices
provided. Consequently private oéerations expend a great deal
of effort trying,often unsuccessfully, to collect payment.

(c) Travel distances and response times: These are often great,
elther ﬁecapse there ave too few vehiélcs allocated to an area
or because the vehicles are poorly located. Soms of the
models presented in this document should help administrators
to overcowe this problem.

(d) Communications énd coordination: The emergency ambulance
comhunication and.coordinationrﬁroblems present in most
communities exist because there is no individual or group of
individuals reséonsible‘for the operation of the system. Radio
dispatching ambulances and notifyiug emergconcy wards of‘ “
impending arrivals are witgin the capabilities of most systems,
yet they are functilons oftén poorly perxformed. The coordina-
tioﬁ of the different emérgcncy systems within a community is

a more diffjcult problem, as 1s the task of inter-community

*I.e., the patient pays the cost of having ambulances available to
respond immediztelv to emergencies in his community. '

—— >
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coordinationgi These are unlikely to be solved until there i&
scme central responsiﬁility‘for their solution.
From the patient's point of view the problems are very similar.
The perceived delay until emergency assistaﬁce arrives i1s usually enlarged
for the victim of an emérgency and his.relaéives. Where this delay is
sign¥ficant from an objective point df virw, .1t will appear to be enormous
to the patient. The quality of the care administered by untrained
individuals is ﬂnlikely to be ignored by the victim in an emergency who
is very awvare of the consequences of mismanagement. Finally, as we
menticned before, the financial burden that the patient bears may seem
inequitsble, for the patient pays not the cost of the ambulance and its
crey undertaking the joﬁrney, but a cost associated with always having
emergency service avallable to every member of the cowmunity. 1lost of
our large cities have adopted the liberal viéw thaﬁ, as with fire and
pblice service, the community should spread ghe risk of emergencies by

sharing the costs assoclated with providing ambulance service.

1.5 Related Reseavch !

Until 1966 most of tﬁe research into the prohlem of emargency
ambulance services was confined to repoits enumerating the shortcomings
of operations in particular cities, and to the privatevresearch of
concerned doctors published in medical journals. In that year the
National Academy of Sciences publiéhed "Accidental Death.and Disability:
The Néglected Discase of Modern Society."[ll In 1967 Manegold and Silver
: [14] |

published an afticle in the Journal of the American Medical Association
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in which they qualitatively discussed the emergency medical "system."
The articie specifiqglly isolated the delay between the incident and the
arrlval of an ambulance as an important factor, and tried to formulate
the quality of service,in system terms, At thé end of 1967 David C.
Dimendberg of the New York City Department of Hospitals published the
results of a month-long survey of ambulance transport in.the city.[3]
Using some of the results of that surve& Em&anuel Savas undertook a
detailed studfyof the King's County Hospital district in Brooklyn., Using
a computer simulation model Saveas demonstrahed that the average responge
time and the average éerviée time could both be reduced considerably if
sone of the ambulances stationed at the Kings Countkaospital were
transferred to a garage located in an area in the district in which the
call density was extremely.high. Additional recommendations from this
report werc that the eﬁergency service be sepafated from the hospitals,
tﬂat ambulances be as widely dispersed as possible and that dispatching

« .

be from one central point directly to the ambulance without any inter-

[21]

mediarvies,

In 1968 Dunlap and Associates issued the results of a study of the
economics of emergency ambulauce ;ransportatiom.[sl The report included
the results of thé first nationwide survey of cmerged&y arbulance .
services, and it indicated changes in the type of purbeyor (specifically
a decrease in the nuwber of morticians) and the problems experienced by
operato?s. ‘TheADuhlgp repbrt used a very simﬁle queuing model to predict

the avallability of ambulances, and suggested some sinple procedures for

~ locating ambulanccs.' Both of these will be considerably expanded in

-23~

_this document. The Dunlap study indicated the availability of funding

to aid communities in establishing emergency ambulancevfacilities; and

attempted an analyéis of the efficiency of helicopter ambulances.

1.6 Sggpg‘of this Document

In this document we develop simple analytical models that describe
some parts of the emergency ambulance sysfcm, and that can be used to
improve its design and operation. In the previous section we outlined
the simulation modelling work of Sav;s in New York City. We have chosen
to tackle a similar pfoblem by analytical means because computer simula-
tions are expensive undertakings, especially whén they involve a great
deal of data-gathering. Furthermore, detailed simulations of one locality
may require extensive data-collection and program design before being
applied to another location. Simple analytical models, while providing
less precision, can give approximate results that are-appliczble in a
wide variety of communities. In most instances these models offer

insights that can reduce the computations in cases where simulation is

the only alternative.

We begin by‘iso;ating the traasportation subsystem of the total
emergegcy ambuiance service system aﬁd identifying the relevant elements
that bear on total system performancé. We note tﬁat as in many public
systems the O&tput of the total system, the patient's condition, is not

easily measured, and that surrogate measures need to be found. One of

these, the time that a patient waits between the occurrence of the

,emergency and the arrival of the ambulance, is believed to be particularly

crucial. The waiting time is reduced to its three components:
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(1) the time until the emergency ambulance service is notified of
the emergency

~(ii) the time until an ambulance becomes available to respond to

o

the emergency

(iii) the time that the ambulance takes to travel to the scene.
Since (ii) and (iii) are within the compass of the emergency ambulance

service, it is on these that we concentrate, identifying their sum as the

response time.

In the first part of Chapter 4 we deveiop a queulng médel that
allows the determination of the probabiiity that an ambulance is unavail-
able, the expected del;y before the dispatch of an ambulance, and the
ambulance utilization in terms of the average rate at which emergency

calls arrive, the time teken for an ambulance to cowpiete such a call,

and the nreber of awbulances in the service. In the secoud part of P

Chiapter 4 we calcvlate the approximate expected time for an ambulance to
travel to the scene of the erergency. By quoting an important result on
the expected distance between an incident and randomly distributed

3]

vehicles due to Lafson[l »,We can estimate an upper bound on the time
for the nearest available ambulance to get to an emargency. Py using the
dispatch delay time and the travel time models in combination, we can
demonstrate a procedure to allocate a given number’of awbulances to a
region so that the expected rasponse time is minimized,

One of the insights into energency #mbulance operation afforded by

the models in Chapter. 4 is the low utilization of resources in small

operations.,

ing coéts, and includes a model of the situation in which a secondary !

source of ambulances is introduced in support of the primary source. From

Chapter 5 is devoted to exploring possible methods of reduc— 5

i bk e s
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the analysig it appears that a service with a highly pald secondary source
can operate at a lower cost and at a higher level in terms of ambulance
availability than a‘single source.

Two problems that are of related interest have been relegated to,
the appendices. In Appendix A we develop the probability law describing

the total "service time'" of an ambulance responding to emergency calls.

The service time is defined as the sum.of tﬂe times for the ambulance.to
¢ravel to the'scene, to administer treatment at the scene, and to trans-
port the patieat to hospital. Because of 1ts importance in our models,
ve need to refine our ;stimates of the service time probability distribu-
tions 1if we are to improve the accuracy with which the models reflect
reality. The effort scems worthwhile when one recalls that other munici-
pal service operations encounter similar service time configurations.

In Appendix B we develop & simple graphical algorithm for directiug
aﬁbulanccs to the hospital nearest the scene of the emergency. The pro-
cedure involves describing a regién around egch hospital‘so that an
incident located inside hospital X's region is closer to that hospital
than any other, There is a surprising need fdr systematizing such a
procedure, since patients are often taken to distant hospitals according
to the whims and habits of the ambulance personnel,

Finally, Appendix C coutains a set'of specifications which the
State pf Massaéhusetts requi;es to be observed by ambulance operatsrs in
the state. It is included as aﬁ example of the legislation slowly being
enacted across the country. While its effect 1s probably to prompt
Jdmprovements in operating stavdards, until the means for financing

improvements are made avalilable, ambulance services will operate in
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violation of these specifications or else will close down.

In summary, this:document approaches the problems of providing
emefgéncy ambulance service analytically, through the development of
mathematical models. These models arc the "outputs'' of, the study, and
they can be used in the following ways:

(1) As guidelines to ambulance serviée adrministrators in allocat-
ing their resources (vehicles,;nd,men) among different shifts
in various parts of the city or town being served.

(11} As means for predicting resource requirements for administra-
tors desig&ing new services or improving old ones, and
attgmpting to appropriate funding fr;m the municipal budget.

(i1i) As sources of insight into the way an cmergéncy systen l
operé;es; how the Variqps elenznts interact, and theirefore as
guideé to policy—makiné.

‘ (iv) As aids'to futire modelling oI,simulation efforts undertaken
| to better achicve the above. |

v) In modelling other munic;pal service systems like the police,
fire and sanitation services.

The reader will be reminded zonstantly "in the succeeding chapters
that analytical models, while providing a framework within which to
approach the problem,kare~based on simplifying assumptions about system
functioning. In pracpice,'an_ambulance‘operatiqn‘féces‘a host of
political, bureaucfatic and labor constraints that may override, or ‘at

least‘compromise,'the solutions suggested by modelling efforts.

-

CHAPTER 2: SOME STATISTICS OF EMERGENCY AMBULANCE OPERATIONS

* in this category.

2.1 Introduction

Chapter 1 géve some historical perspective to the problems of
successfully providing eﬁergency ambulance service, and gave a general
indiéation of current conditions. Gaining specific'information and
"hard" data about emergency ambulance ;ervice is particularly difficult.
This is a problem shared by many municipal'services, and it is compounded
in our case by the faét that accounting procedures differ among different
systems according‘to who providss the service, For example, if fhe
police provide the emergency ambulance scxvice, every callyfér police
spfvice that hac an emavgency vard as ite fiual‘disposition might be
counted as an emérgeﬁc& call. On the other hand, vhen some other agency
érovidcs the emergoncy service, cmergenéy ambulance-type transport
carriéd cut by the police is off;n ignored. Then again, when the
emergency awbulance service is hospital-based, the tally of emergency
calls may includeba significant number of roﬂﬁine patient transfers
(hospital-to-homs and vice-versa, or inter—hospital){ which are usually
undertakeﬁ by the private ambulance companies. .

The purpose of this short chapter will be to cull from the little

data that is availzble descriptors of the emargency ambulance service®

#The reader is reminded that throughout this.document we are con-
cerned about emergency ambulance service. We shall not consider the
routine transfer of paticents to and from hospital in-patient facilities

=27~
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that will provide details of real operations and facilitate their
comparison. What follows has been accumulated out of observations and

i

studies by the author in the Greater Boston area,.and reports in the

literature, especially two issued by the U.S. Department of Transportation: {f

"Economics of Highway Emzrgency Ambulance Services" (Reference No. 5) and
"Description and Analysis of 18 Proven Hijuway Fmergency Medical Systems"
(Reference No. 2).

A

2.2 The Provision of Emergency Ambulance Service

In 1967 the Dunlap study group[5]

undertook the first extensive
nationwide survey of em2rgency ambulance seirvices. The survey reccived
responses frbm 1763 municipally-based and 535 county-based services.

We shall draw on the resuits of the survey to indicate the distribution
of emergency anbulance service by the type of cperator, and to support
some of the remarks made in Chepter 1 agout current treads in service
provision. "The survey is very hcavily bilased toward operations serving
populations of less than 23,000, which_explains the prominence of the
volunteer squads in Tsble 2.1 below, In that table we indicate the
distributicn of service by purveyor. We note the continved importaqce
of the mortician in the emergency anbulance service, and the very smgll
role played~nationwide by hospital-bazed emzrgency ambulances.® I£ is

apparent from other information received in the survey that the mortician

purveyors are mainly concentrated in the Southern States, that private

*New York City, which provides the largest service in the country
uses hospital-based emergency ambulances,
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Table 2.1 Distribution of Emergency Ambulance Operations by Type
N Percentage of the Percentage of the
Type of Purveyor Municipal Services County Services
' ' Surveyed Surveyed
Funeral Home 1 27.8 ‘ 34.7
Private Company 23.8 15.1
Volunteer Squad 24.0 o ‘ 26,0
Local Government 7 . .
Agency L 20.2 ' " 14.8
Hospital 3.7 C 8.0
Other . 0.5 ‘1.4

companies are mosﬁ prom?nent on the West Coast, that local government
agencies predominate in the North-Eastern part of the country, and that
Voluntcer‘squads arc generally widespread and confired to small services.
In approximaﬁely IO%Iof both the municipal and country respoandents
to the survey, theré‘had been a change in the type of purveyor within
the prevlious 5 years. For those services in which a change had occufrod,
we show in Table 2.2 the distributions of thé type of purveyor, both
érior~to and folléwiné tlie change. From the ébeve, there are a number
of discernable trends in the‘way in which emeréency sefvice is changing:
(i) A definite and drastic movenent avay from ﬁhe mortician as a
source oﬁ emergency ambulance service.
(ii) An increase in the number of local govérnment agencies-taking
responsibility for piovidingremérgéncyAambuiance sexvice.
(i1i) An increase in the number 6f ﬁolunteer squadé in operation,

possibly the result of disillusionment with morticians, but
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Table 2,2 Distrlbution of Emergency Ambulance Operations by Type
i Prior to aand Following a Change in the Purveyor
Percentage of the Percentage of the
Municipal Services County Services
Type of Purveyor Surveyed Surveyed
Formerly | Currently Formerly | Currently
Funeral Home . 72.5 2.6 78.3 1.7
Private Company 19.1 43,3 16.7 18.3
Local Government 5.6 21.3 . 5.0 25.0
Agency
Volupteer Squad . 0.6 13.4 0.0 13.3
Hospital 1.1 4.4 0.0 6.7
Combination 0.0 12.4 0.0 35.0
Other ' 1.1 2.6 0.0 0.0

probably because a volunteer squad was perceived as tﬁe”only
alternative t6 a small community when a mdfticiaﬁ decided to
d?scontinue his emergency éﬁbulancc service for financial
reasous, |

(iv) An increasc in.the number of municipal‘servicés employing
private companies. Thls is probubly a reflection of changes
on the ‘eot Coust vherh the private company is a favored type
of purveyor. | |

(v) No real iﬁdigatioh thét hospitais,are bécoming involved in

the emorgency ambulance service.
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2.3 The Generation of Emergency Ambulance Patients

A commonly quoted rule of thumb among ambulance operators is the
statistic: 35 emergency ambulance patients generated per thousand
population per annum. While this is a useful indicator of the number.
of emecrgency ambulaﬁce calls that we might. expect annually from a city
or reéion, it 1s very approximate,. From,th; little informgtion available
to the author; the statistic seems to hold.up reasonably well for popula-
tions below 500,000 (see Figurc 2.1). For‘larger populations the
statistic is much lesé consistent and reflects socio-economic factors
and the difference in accounting procedures mentioned in Section 2.1.
Ideally (i.e., undcr conditions where patient accounting procedures were
identical eve ywhe ‘a) the expected number of ambulance patients per
théusand population per annuim could be used;

‘ (i) To predict emergency ambulance needs in the face of changing
population. |

(ii) To compare different cities or regions and to investigdte the

éauses of extreme deviations in thé nunber of patients

generated per 1000 people.

Unfortunately these ideal conditious do hot'cxist, and while thé compari—
son of the above stétistic among different emergency ambulance services
may be interesiiné and informative, it does not juatify the ﬁopﬁlar
conclusiohvthat services with a large number of eﬁergency ambulance
patients per 1000 population are being misused.

L

Compbundihg the above is the steady annual growth in the number of

- emergency ambulance calls genevated. This rata.excéeds the population
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growth rate and requires constant expansion of the emergency ambulance:*
b ,
b service. In Table 2.3 we indicate the annual number of calls answered by
b _
- o I . 2
' three very different emergency ambulance services.[z’2 ]
c s ‘
2 o
z i‘;; . Table 2.3 Annual Number of Calls Answered by 3 Emergency Ambulanc
= = o 4 Services :
< e S c©
| | S 8 T2 Service 1962 | 1963 |. 1964 | 1965 | 1966 | 1967
? > g R = : ,
‘ =] o - - ;
«Q i .
; i = = £ b Boston, Mass. (Police) 27,8341 29,274¢ 29,211} 31,658 34,035 | 37,068 .
= 2 Z . - B
% 5 2 Baltimore, Md., (Fire) - 37,5987) 37,594 39,185 l::.fé}_};OOO 41,910
- "N E o Chevy Chase, Md. . - _
L BN S _ § S : (Volunteer) 5,478 5,719} 5,832} 5,900{ 6,008
<C i ;
(48] =] [
Z 5 S % g
ek g S / g § The causes of these increases are numerous. There has been a rise
o E L ¥ .
) - .
= CCD; & I in the number of highway accidents, which often constitute 25% or more of
c P .. -
g = g_: =) " the emergency ambulancg load. -The decline of the general practitioher
W = o 3}":
L o el = has driven a lot of patients to municipal emergency wards, espcclally
Vo o .
vy — v :
il e o - ! among the poor. Urban civil disturbances over the last five years have
(s8] ' ° - [y
Suw 2 S : .
2 S = o L made notable additions to the emergency ambulance load.
wn £ ' .
=Z =
T o & i
P.—. = It Jo v ) ¥
— § =T 2.4 The Costs of Providing an Emerdency Ambulance Service
o ¥ The-cost of providing an emergency ambulance service is a function
T 1 1 1 ) . v
= = Q = o of the type of service, the loga;}on and tl}g. quality. In the next .
o " i ) ’ )
_é z section we shall give a few specific examples. In this part of the
= . A
=] ‘
2 -'2 {gs ' chapter we shall give a general outline of the distribution of costs
e -2 5 T ) :
. Za = . among the various functions in' the service. In Table 2.4 we indicate
= o R o
< 5=

sv.';\.‘?_‘ .
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as a percentage of the total budget, the proportions for which different

aspects of the operation are responsible,*

-

Table 2.4 The Distribution of Emergeﬁcy Ambulance Costs
Itenm Percentage of Total Budget
Attendant Salaries o

and Benefits 65 - 80
Support Personnel )

Salaries 10 - 15
Insurance 1 -2
Equipment Depreciation 5 ~17
Repalrs and Maintenance 2-3
Laundry 1
Staticn Rental and

Operation ' 3 -5

«

The notable aspect of this Lresideim is the very high fraction of
the total cost that is due’to attendent salavies. In general, nunjicipal
operators reporied attendeﬁt salafies at ihc upper end of the rangc,
wvhile private opnrators in rural ares reported salavies at. the lower

5 . L
d.[ ] With the outleok being toward highzr rather than lower salaries

en
for attendents, attendents will in the future be respousible for an even
larger fraction of total cost. Under these circumstances we shall feel

justified in Chapter 5 in approximating emergency arbulance costs as a

linear function of the number of ambulances marnned during the day.

gt
L
XS

*These proportions reflecct the results of the surveys carried out‘in

References 2 and 5.

,Ojt
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2.5 Some General Descriptive Statistics

Ffom the general data published by ‘emergency arbulance services
about their operations, it is possible to derivéva few informative
statistics. Because of the way the data is.collected, these statistics
do not make reasonable measures of sysEcm performance. Instead they are
eséentially descriptive, and at best give insights into general operating
procedures. The following is a list of the more useful of the statistics
that can be easily obtained from the aggregated data of most emergency
ambulance services:

(1) The number of emergency calls per thoﬁsand population per

annum,

(ii) The cost per patient transported.

(1ii) The cost per resident per annum .

(iv) The cost per ambulance per annum

v) Thé'nuuber of patients per ambulance per day.
All of the above give a general indication.of current loads and costs,
and will provide guidélincs for some of the more theoretical work of
future chapters. (v) above is indicative of the very low utilizatior of
ambulances in curreat oparatidns. In Table 2.5 we ﬁrovide xampleé of
these statistics for 6 different cities, with very different character-
iétics and different types of emergency ambulence scrvicc.[2’3’22]

The reader is warned against drawing dramatic conclusions from

Table 2.5. Instead his attention is drawn to the large variation in the

statistics we have identified, the generally high cost per patient, the

relétively low amnual cost per resident, and the low utilization of the
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Table 2.5 General Descriptive Statis
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ambulances (patients per ambulance per day). Not surprisingly the cost

per patient in Boston, the only city in which the service is the exclu-

sive province of the police department, is very low. This does not

necessarily imply that all emergency ambulance services should be given

to the police, sirnce they would be the first to admit that it is extremely

0

difficult for policemen and police vehicles to meet the rigorous standards

required for a high quality ambulance service.

2.6 Chapter Conclusion

In this chapter we have quantitatively outlined current trends in
the provision of emcrgency ambulance service. We have discussed the
genaration of patients, and explored, with examples, gome of the more
readily available statistics relating to emergency ambulance operations.

:

With these as guides we proceed in Chapter 3 to structure emergency

ambulance service as a system, and then in Chapters 4 and 5 to model

v

parts of the systemn.



CHAPTER 3:

THE _EMERGENCY AMBULAMCE SERVICE SYSTEM

3.1 Introduction

In thic chapter we consider the emergency ambulance service as a
system, and thereby provide the framework within which some aspects of
the service may be rationally analyzed. Very'simply, a system consists
of a nuaber of components or elements, all hopefully directed toward the
same purpose, which operate on a set of inputs to produce a set of out-
puts. Characterigtically the interaction of the elecmznts is complex:
altering one elgiiznt in thé system affects the other elemants in a way
that is often not straightforward. Typically the process of systems
analysis caialle the definition of the cbjectives of the system, the
goncration of alternative ways of meeting the objectives, the definition
of measures with which to evaluate the élternatives, and the ultimate
selection of the "best'" alternative. |

We begin by dividing the emergency ambulance sexvice system into
three cowponent svhevstenms: Communlcations, Madical Sérvices and
Transportation.* The focus of thie documont is primarily on the
transportation component, and so, after some discussion of thé other
two, we proczed to a careful exzmination of the elcments of the
Transportation syst@m. This involves a consideratior of the nature of

the demand for emergency transportation, the nature of the response,

the consequences of constraints that result in delays in response, and

* This division is due to Savas [ see Ref. 21] .

' -38-
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the alternatives to the current methods of responding to emergency
demand., By the end of this chapterbthe ground will have been laid for
the development of models in Chapters 4 and 5 to aid in the allocation

of ambulances in cities and towns.

3.2 The Emergency Ambulance Service System

Emergency ambulance service 1s a éért, although seriously neglected,
of the overall Medical System. Its purpose,is te deliver the victim of
an emorgency, in the best possible state given the circumstances of the
emergency, to an appropriate medical care facility. The statement of
this objective leaves a lot of room for intcrpretatign.in gpecific cases.
It usually requires the rapid transport of trained attendants and equip-
ment to the scene of thez emexgency. It doegs not usually require very
rapid transport of the patient to the nearest hospital. If the batient's
condition has been stabilized at the scene, the advantage of delivering
him at a hospital with facilities app%opriate to the treatment of his
injury or complaint will generally outweigh the dicutility of a longer
time spent in the arbulance. .

We shall find it convenient for the purpose of discusslon to divide
the anbulance systen into‘the three components mentionéd in the -Introduc-

- 21]
tion: Cowmmunications, Medlcal Services and Transportation.

3.2,1 Communications
The Communi.cations sub-system includes the means and methods

‘By which information shout the existence, location and nature of the
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emergency is transmitted thfough the emergency ambulance systém.
Figure 3.1 i; a very simple representation of the system. At the
center is the Dispatcher who is first notified of the existence of
the emergency by a citizen chbserver (usually by telephone), by the
policé (by radio), or by.a telephone operator. In many large cities
the dispatching of emergency ambulances is done by the police dis-
patcher, whether or not the police a&tually provide the ambulance
service.1 Where the Fire Departmen; provides the ambulance service,
the established dispatching faciiities of the Department are used,
As in the case vherc a private company provides the service, the
Fire Depaxcﬁgnt usually has a direct radiollink.to Police Head-
quarters, vhere a great.many emergency ambulanca calls are :eceiQed.

The Dispatcher ma2y attempt an assessment of the seriousnésslof
the call, but in gencral concentrates on getting deﬁails on the
naturc and location of the emergency from the caller. Contact is
then established with an ambulance, either verbally if the veﬁiclc
and the Dispatcher are at the same location, otherwlse by radio. 1In
the event that né.ambulances are available, the Dispatcher might
contact a nelghbeoring ambulance servicé, either by radio or by
telephonz, and requcst an ambulénce from that serviée.

. Once the arbulance has beeﬁ di:ected to the emengkﬁcy’fthe

. Dispatchér contact.s the hospital to which the patient is to be
taken in orher to allow prcpa:ation for the arrival. kAﬁ present
hthis is usually douc by telephohe, éither through normal telephone‘

chanuels or via one of the "hot lines" (direct telephone lines)
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t k some Dispa 7i.th the h tal 2 : V -

; that Hnk son ; stCChers b e hospital emergency rooms in their i with equal chance on serious calls (where they may have dire conse-

t . \ .

» The Dispatche 11 the hospital in if radio c t
area € Dispatcher may ca € hospital again adie contac - quences) and on non-serious calls (where there may be no effect at

with the ambulance gives rise to additional important information all)

about the emergency. It is conceivable that in the future there

| : will be communication betweean the gmbulance and local hospitals 3.2.2 Medical Services

(broken line in Figure 3.1) that will allow doctors at a hospital to

The elements in the Medical Services sub-system are the most

] . .
monitor the patient's condition and advise ambulance attendants on intangible of all. The quality of these services provided by the

appropriate treatment. ‘ L emergency ambulance .system is the criterion in terms of which this

In those urban emergency ambulance services with which the component of the whole system is judged. Quality of service is an

author is familiar, most of the elementary functions described above ultimately subjective measure, being a conglomerate of the training,

‘ ' . ! g | |
are carried out, although notification of the hospital of a patient's ?i experience and skill of the attendants, the equipment carried on the

rrival is sometimes slected. Some of the early "scandals" , P )
arrival is sometimes neglecte ' ! 1y ais £ ambulance, the design of the vehicle, and the degree of access to

associated with small rural services revolved around the fact that - Eff
B . appropriate expert medical care.

the various parts of. the system could not communicate in the manner

One of the most obvious failings of emergency ambulancé ser-

w - ribe 1 as a res tients.suffered lou i K ' o
we have described, and as a result patients.suffered long delays i " wvices in the past has been that attendants were often unsuited for

4 | . [1,15,22)

before ambulances arrived, or vwere delivered to hespitals that were the job and very poorly trained. The prominence given to

unprgpared or incapsble of receiving them. rf emergency ambulance service recently has had a number of effects:

at "". socl 73 T $ . :
The most serious problem assoclated with the communications 1) Pressure has increased to make the position of ambulance

function is that of trying to judge the nature of a call for emergency attendant a ﬁaré—medicalkone giving the attendants
. ) . N ’

service, and to make some ascessment of 1ts priority with respect to increased responsibilities and opporthnities for making

- ey - . y £ () 4 1Y e ; N
callshthgt might arxive in the nea# future. Because the respongi . a career in the service, This will mean ralsing salaries

bilities associatgd with misjudging tiie serlousness of a call and © at least to the levels received by policemen and firemen,

delaying ambulance dispatch are so gréat, the Dispatcher makes little, and will probably force the service to be taken over or

if‘any, attempt to distinguish among calls. Most calls are treated at least heavily subsidized by the community.

as being of equalypriority; which implies that'ang_delgys are imposed

oo
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(11) Under the aﬁspices of the Department of Transportation
training programs for ambulance attendants are being
improved, and publicity is being given to‘existing emer-
gency ambulance setviées that do operate particularly

well so that they may be imitatéa;izl |
(111) The design of the ambu&ancclhéé’baen improved, with

functionality rather than.appegrance determining the
‘shape of the vehicle. A much larger interior space
allows the relatively unimpaifed administration of first-
aid iﬁéide the ambulance, the storage of more equipment,
and the transport of more than one patient at one time.
The last is particularly important beczuse automobile
accidents (vecponsible for 25% of the patlents trans-
ported in one service observed by the author) often
involve more than oné per;bn.
‘Technological developments in medical telemetry may soon allow
doctors, monitoriqg the patient's condition from a distant hospital,

"to supervise more sophisticated treatment at the sccne than can be

‘pr§vided by ‘the attendants along; These developnients maﬁ be the

only hope of reducing the numbgr of deaths from cardiac‘failﬁre

“—(by'faf the biggést cause of‘deaths among urban emergency victims)

‘where drastié'msdicalvaction has to be taken very soon after the

‘onsetof the condition if the patient is to survive.

3.2.3 T:ansbortation

- The important elements in the Transportation sub-system are the
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arbulances, their number and location, and the location.of.the
hospitals in the community. Other elements are the area of the
region served, the availability of good roads, traffic conditions
and other fwpediments to travel.(rivers, mountains, etc.).

We diséussed improvements in the design of ambulances and
mentioned possible technological infiovations in the previous section.
One current innovation in emergencytransportation has been the
introduction of heli;opter ambulances., While their use in an urban
environment appears to be limited to highway rescue operations, in
sparsely populated areas and near large ﬁater surfaces théy may be
extremcly effective in an ambulance role. Because of their high
costs (capital outlay is approximately $100,000 for one helicopter,
and opera;ing expenses are at least douple those for a groqu
ambulance)bthey have not been extensively incorporated in large
services. The city of Chicago has one of the most aétive helicopter
ambulance services (399 calls in 1967), but 75% of the helicopter
emergency trips undertakén in Chicago in 1967 were connected with

(2]

boat mishaps in Lake Michigan. Wé shall thergfore not davote -
very‘much'attentiun to théir use as ambulances in our consideration
of urban emzrgency services. ‘

| There reméin the problems of how many (ground) ambulances
should be located in.which part of the region being served, and what,

if any, their spatial relaticnship should be to local hospitals. Ve

have seen that one of the important reasons why some ﬁrivate

:fopétators provided poor service in the past was financial. About

ISOZ:of‘the’cdsts of operating an emergency ambulance servicé are
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connected with personnel salaries and benefits which depend on the
nQ;Ser of anbulances allocated to the daily work shifts. It there-
fore seems reasonable to devote the energies of this ﬁocument to
the exploration of improved ambulance allocation procedures  that
would reduce the delays suffgred by patients and the costs encouﬁtered
by operators.

[

3.3 Analysis‘of Emergency Ambulance Transportation

The time-sequence of events involving the emergency ambulance service'
that are initiated by an emergency is illustrated in Figure 3.2. Follow-
ing the occurrence of an emergency there is a delay unéil it is detected
and contact is made with the Ambulance Digpatéher. This delay may be a
matter of one or two minutes in a2 busy metropolitan street, or possibly
hours on an isolated highway. If an ambulance is available it is dis-
patclicd almost immz2diately.  Otherwise theré.is a time 1ag,un£il a
previously busy ambulance reports that it is free (Dispatch Delay). ‘Once
it has been dispatched the ambulance coﬁsumes time trévelling to the
scene of the emergency (Travel Delay). This time is a function of the
feléﬁivé loéaticns of incident and aabﬁlance, the local street patterns.
and traffic conditions. At the scenc of the emsrgency the attendants
render first-aid in order to stabili#e the patient's condition prior to
transporting‘himbto an emetgcngy wérd.

The priﬁary o@jeqﬁiﬁé of the Transportétion sub-systeém is to respond
as rapidly as‘poésﬁﬁle to tﬁe demand for‘emergencf sefvigef Doctors

‘have stressed the need for the arrival of medical aid as scon after the
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occurrence of the emergency as possible. In this study we shall be

primariiy concerned with allocating ambulances in such a wéy as to keep

. the Respohse Time (see Figure 3.2) down to a reasonable level. In

Chapter 4 ve devé&op some simple measures relating the Aﬁmber ongmbulances
in the emergency system and their location to the Response Time.

A secondary objective of the Trapsportation‘sub—system is the reduc-
tion of the Service Time - the total time that an ambulance is occupied
with one call (see Figure 3.2). Reducing ;he Service Time increases the
probability that an ambulance is available to reSpbnd immediately to an
emergency call. This ;eduction can be achiéved‘by reducing unnecessary
delays in ambulance response and.in the time spent travelling from the
scene to a hospital."Unnecessary delays in ambulance response are the
result of too few vehiéles participating in thé service and/or their
being foorly located felative to the inc?dé&ce of eﬁergencies. This
p;oblem will be examined in the succeeding chapters. Unnecessary delays
in tfansporting the patient’aré the result of travelling to hospitals
located far away from the 1nc;dent while viable altefnatives exist close
a£ hand. Appehdix B is addressed to this issue,’énd,@escribes a method
for selecting the hospital nearest to.the incident. g

‘We shall now focus on thg.Respo@se Time, specificaily on thé»Dispétch
and Travel De;ays, outliniﬁg the.probiéﬁs‘thatbare éncoun;ered1in develop-

ing stochastic models. ;We_begiu with a general discussion of the nature

~of the demand for emergency ambulance service

| 3.3.1 The Arrival of Emergency Calls at the Dispaﬁcher 

From the author's observations in and around the city of

1 et oo e i

et et gt o i <
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Boston, i; seams reasonable to assume that emergencles are generated
randonly, i.e., the time and location of any emergency are independ~
ent of thevtimes and locations of all other em2rgencies. There are

obvious exceptions to this general rule, for example, natural

'disasters (hurricanes, floods, earthquakes), airplane crashes, large

structural fires and multiple highwe, accidents, but these are rare
events, and so we shail assume the random (Poisson) arrival of
calls in ouf modelling efforts.

Randomness does not imply uniformity, and, in concert with the
fire and police s;rvices, a problem for emergency ambulance
operators accormmodating the almost continuous change (both spatial
and temporal) in tﬁe rate of call generation. Figure 3.3 illus-
trates the temporal changgs in the'demand encountered by the,
emergency‘anmulance éervice in Cambridée, Mass. during a 24-hour
period. In addition there arec variation; by day of the week, and
also seasonal fluctuations. Superimposed on the temporal varizbility
are the differencgs in the rates at which calls are generated from
different parts of the region sefved. These differences are due to
population densities, socio-economic factors and the presence or
aﬁseﬁce of busy highways. These differences are not clearly under-
stood, althougﬁ studies carried out by the author suggest that low-
income neighborﬁoqu’generate more emergency calls per capita than
high-income - neighborhoods. This is apparently due to the fact that
the poor have little ot no access to private phySiciﬁns‘and there-

fore have to be taken to a hospital for medical treatment.
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~ ) o RN ' ~ Somatimes the changes in the temporal and spatial demand rates

may not be independent. For example, the demand for emergency

service existing in the business district of a large city during the

day becomes almost negligible when the office workers leave the

P area at night. There may then be an increase in the occurrence of

24

emergencies at night, especially over weekends, in those parts of

[ the city devoted to entertainment. . °
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The realities of staffing an emergeucy service do not permit

the continuous changing of the response force to meet a continuously
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changing demand rate. Except in very small towns served by
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S , 2 the staffing of an emergency ambulance service is in terms of two
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= - . ~ or three daily shifts. In making our allocation of anbulances and
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attendants to each shift we shall agsume that the day can be divided

into n equal shifts so that the weighted sum of the variances of the

8 .

6

demand rate in each shift 1is minimized for any n. Ideally we should

< ii like n to be large. In practice n will be constrained to be 2, 3

. g | or.perhaps 4. We shall then use the mean demand rate in each shift

to make allocations to those shifts.

FIG. 3.3: EMERGENCIES IN CAN\BR‘IDGE, MASS.
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Fe sifed fousblow3 jo UORNGLISIC ff o Not all calls for cmergency ambulance service are eﬁually

o L v S ; 2 urgent. In fact, with the disappearance'of the general practitioner

)

¢

L L , . ' ﬂfv ’ who used to treat minor emergencies (cuts, sprains, dog bites, etc,

in the home, there has been a rocent. increase in the incidence of
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nogfurgent emergenc{es serviced by the emergency ambulance service.
Distinguishing between ﬁrgeut and non-urgent emergencies‘would allow
greater system flexibility resulting in lower costs and better
servige to the Qictims of serious emzrgencies. Non-urgent emergen-
cles might be transported in vehicles that would provide comfort

and support without satisfying all the specifications of‘Appendix c.
These vehicles could be staffed by p;tsonqel who héd not acquired
all the skills of experienced ambulance attendants, but were trained
to deal with the victinms of non—urgent.emetgencies. In Cambridge,
Mass. fully 507 ;f all those transported by the emergency ambulance
service are the victims of non-urgent emergencles. They are trans-
ported by the police at a significant saving in cost‘to the city.

If the Dispatcher could assess a priority on an incoming call
for service, it would be possible to:deust tﬁe type of respouse
accordingly. The Dispatcher might even delay the respouse tc a
low-priority call during a busy period even though an ambulance
wvere available. This wguld leave the vehicle free to answer a
higher ptiority call arriving subsequently. In practice, making an

assescment on the urgency of an emergency call over the telephone

is extremely difficult, and carries with it serious legal and ethlcal

responsibilitiez. Therefore there is little attempt to assess
'priority, and in our modelling‘we shall assumz that in general the

Dispatpher does not have this option.

3.3.3 The Waiting Time

Between the occurrence of an emexgency and the arrival of an

|

[23]
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ambulance at the.scene there are thrze cowponents of what we have

called the Waiting Time in Figure 3.2. It is generally recognized

in the medical profession that this delay is a critical period in
the passage of a patient through the eﬁargency medical system, and
should be kept as small as possible.lla]
The three components of delay are:
(1) The delay until notiification of the emergency
ambulance service of the incident. (Notification
Delay)
(1) The delay until an arbdance becomes available for
dispatch to the incident. (Dispatch Delay)
(i1i) The delay betwcen the dispatch of the ambulaince and
its arrival at the incident., (Travel Dalay)

We shall focus our attention onbthe laét two couponents of tée

Waiting Time in our modelling‘efforts,beﬁausc they appear to offer

the greatest hope of reduction. We can discuss the components of

the Waiting Time priefly as follcws:

(1) Notification Delay: In most urban areas this delay is usually
small becavse of the proximity of other people. On isolated
highvays, however, notification presents an acute problem as
is indicated by the high proportion of rural highway accidents
that result in death., Current attempts to reduce the Notifi~
cation Delay involve the installation of telephones along
highways, experiments with alarm devices triggered by impact

6Q:g highwayAguard—rail, and increased aerial and ground

patrol by highway police. With the introduction of the
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uﬁiversal em;rgency telephone number, 911,(operatiVe‘in.New
York City at this time and expected in other cities around
1972) notification of the emergency ambulance ‘service will be
expedited. In the past, because of the low priority given to
ambulaﬁce service, and because of the great variety of purvey-
ors, members of the public were'qfccn at a loss in deciding
how to go about contacting the emergency ambulance service.
Thé Dispatch Delay:i Any emergency ambulance service consists
of a numberxof ambulances which respond to randomly arriving
calls for service, and are exclusively occupied with eacﬁ

call until the admission of a patient to an‘emergency ward,
Now it is quite feasible that for some period of time all the
arbulances might be busy. Every call arriving in this period
will be delayed until an ambulance becomes free to respond to
1t. We are assumingbtﬁat there are no alternative sources of
ambulances.

The nuwber of call§ that wait and the length of time that
each waits 1s a function of the rate at which callé‘arrive,
of the time taken'to serve a call, and of the number of
anbulances in the service. Conceivably, tge'Dispatch'ﬁala?
might also be affected by the order in wﬂich’the calls are

answered. The Dispatcher might assign the most urgent from

. among‘é qucue of1delayed calls to the first available ambu-

lance regardless of its position in the'queue. Another

possible strategy is to aseign-to an ambulance that call from

(1i1).
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the queue of delayed calls which is closest to the vehicle.
While these are both feasible strategics, they are not gener-

ally used. Instead a first-come, first-served discipline

prevails.,

The Travel Delay: While the Dispatch Delay is encéuntered by
some patients (unless the ambulance service has so few |

ambulances that there is alwax; a queue of patients implying
that all patienés experique a Dispatch Delay), the Travel

Delay is experienced by every patient. The Travel Delay ié a
function oé‘the relative 1o¢ations of ambulance and incident,
the layout of s;reets‘and traffic coﬁditions in the area. As

traffic éongestion in the large cities gets worse the Travel

Delay component of the Waiting Time increases. This has led

+

to the consideration of helicoptefs as ambulances, espccially

in conhectibn with highway accidents. In Neu York City some
doctors are travelling by foot and by subway to get to the
victims of ?ardiaC'failure qu;ckly.‘ In the near future we
mzy see ambulance attendants on motor-acooters beating the
traffic and the ambulance to an emergency victim.

. Unfortunatcly. very little has.beén done in most emergency
services to relate ché location of the acbulances to the

incidence of emergency calls. This has resulted in unneces-

"sarily long Travel Delays that could be reduced by a simple

relocation of the vehicles.



 3.3.4 The Service Time
The last element of the Transportation sub—system'that we
shall consider is the Service Time (seg Figure 3.2). ‘The Service
Time is the sum of the time taken by the ambulance and its crew
after dispatch to reach the patient, the time to administer first-
aid at the scene, and the time to tfﬁnsbort the patient to a,hospital.
tSince we.asgumé that call arrivals are spatially independent, it
seems reasonable to assume that the Seévice Timés are independent.
We undertake a fairly detailed analysis of the Service Time
‘1n Appendix A, developing a description of the Service Time distribu-
tion. From this'wqu the Service Time is certainly not distributed
as the negative‘eXponeﬁtial. Nevértheless, to facilitate our initial
nodelling effofts in Chapter 4,‘we shall assume that the Service
Time is distributed as the‘negativeféﬁpopeutiél; We shall be able

to discard the assumption in Chapter 5.

3.4 _Chapter Conclusion

Separating the’Emergency Arbulance Service System into lts three
componeﬁt sub-systems: Commuuicatioﬁs, Mzdical Services and Transporta-
tién, has allowéd uskto consider briéfly the important elémentS'of‘each,
It‘appears that the Tfansportation sub—system has elements (amenshle to
analysis) which offer the beét,0ppdrtunify of improving system perform-
ance by exﬁlicitly rélatingzalloca;ion t§ demand and reducing costs

through the move efficient use of resources.

Sl
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The ultimate measure of the performance of the emergency zmbulance
service is the condition of the patient in the hospital emergency ward.
Since this is a somewhat intractable measure, we need to develop surrogate
measures that give some indication of the patient's condition. One of
these measures is the Waiting Time (Figure 3.2). A long Waiting Time in
general has an adverse effect on the emergency victim's ultimate condi-
tion,fand therefore constitutes a measure oé-the Transportation sub-
systen's perfdrmance. Ighoring Notification Delay allows us to use the
Response Time (Figure 3.2) as a measure.

We thercfore proc;ed to Chapter 4 with the picture of the sequence
of events following an emergency afforded by Figure 3.2, the assumpticn

of random call arrivals and exponeniial service timeg. In Chapter 4 we

»shall analyze the components of the Response Time and thelr relation to

system configuration. A result of the analysis will be a procedure
whereby ambulance service administrators may iationally allocate vehicles
in response to demand, taking account of the size of the area being

served,



| CHAPTER 4: MODELS FOR AMBULANCE ALLOCATION

4.1 Introduction

In Chapter 3 we identified the Response Time of an ambulance to be
one possible criterion by which to measure systenm periormance. Consisting
of two components, the Dispatch and the‘Iéavel Delays, the Response Tiﬁe
is a function of the number of ambulances in the area‘sérVed, thelr loca-
tion, the spatial and temporal distribution of emergency calls and traffic
and road conditions in the area. In this chapter we considerktwo‘very
simple models whiéh allow us to approximate the‘nﬁmber of ambulances (and’
their locztion) required to provide either (1) an acceptably low response
tim: or (ii) the lowest attainable response time given municipal budget
" conutraints. We shall assume throughout gﬁejchaptcf thet enargency
arbulance service is provided edther free of charge by the community, or
at a fixed rate per patient with bad debts abscibed by the community.

Ve begin by modelling the Dispatch Delay in Section 4.2, invoking
results from the theory of queues. From the model we develop measures of
arbulaance availability, average dispétcﬁ delay, and ambulance utiliiation
in terms of the demand for_cmergancy'scrvice‘and the nurber of ambulances
allocated to the area. Ih addition ghe model provides ﬁseful 1nsights
' into. the probiems énéouﬁtéred by small priVatc Operators trying to provide

an emefgenty'ambuianée»service. |
In Section b3 we make assumptiéns zbout the layoﬁt of'streéts in a
celty énd modal the timé taken by Qn ambulance to trével;éérthe scene of
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an emergency. It is a simple matter to show that dispersing ambulances
arouhd au area reduces travel time compared to a single location. Using
a result derived for allocating peclice patrol cars we can find an upper
bound on the time for the nearest available ambulance to reach a call.
Combining the results of the two models.allows the calculation of an

expected response time, and the allocatic..: of ambulances around the clty

such that city-wide response tim= is minimized, A dynamic programming

mzathod of making the allocation is demonstrafed at the end of the chapter

by means of a simple exemple.
Beczuse of the restrictive assumptions necessary in order to apply

analytical models to real-world situations (regularity of street pattern,

constant aveirag? travel speed, approximately constant average call rate,

atc.) the results of these models canuot be taken as final. They are,

‘ :
insteu&, guides. to planuing zn emargency service, indicative of the
aéproximate requiraements of a reasonable service. Once the gervice s
in operation, aibulance allocations for a particular workshift may have
to be changed slightly because of other consideratinns. However, by
tgkinﬁ‘into account as many of the variables as possible, we can make
éstimates of ambulance requiremants that will allow budget pfediction and

planaing in responce to changes in demaud and the cost of service.

4.2 The Dispatch Delay

Incorporating the assumpticus mado gbout the gensration of calls

(i.e, Poisson) and the probability distribution of the service timz (i.e.

negative exponential), we shall now procezd to davelop a model that will
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allcs~the estimation ofﬂthe probability that an emargency patient
encounters a delay before an ambulance can be dispatched, and the
expected delay time. We assume that N ambulances are assigned to a
reglon during a working shift to respond to randomly arriving calls. If
an avbulance is avallable when a call arrives it is dispatched immediately
and travels to the scene. If all the ambulances are occupied on other
calls; then the patient has to wait until ag~ambulance becomes free to
respond. If 5 number of calls for emergency service arrive while the
system is saturated, they form a qucue and ére‘answered according to a
first-come, first-scrvéd rule. An ambulance is unavailable when it is
travelling to the scene of an emargency, treatlng a patient at the scene,
or trausferring the patlent to & hospital. We shall not consider the
pre~emptica of an shulance en route to ona eﬁergcncy by another, more
seriocie, call since these appear to constitute a very small fraction of

[24]

all calls. These assumpticns ave surmmarized in Table 4.1 for the

reader's convenience,

4.2.1 The Probability of a Delay
Thé'assumptions‘madé above defilns the exteﬁsive}y studied N-
servey queuing modal, With calls avriving in’a'Poisson manmer at é
mean rate A ca}ls par‘hour; each béing sexved in a tiwe drawn
1ndcpendaﬁtly‘from,the negative oxponential distribution with mean
l-hours; we. may quote’the folleuing result from a standard text on

¥
queuing theory*.

r—— s A i

FReferenca No, 20, page 343<
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Table 4.1: Summary of Assumbtions in Awbulance Dispatch Delay Model

Calls for emergency service arrive in a Poisson mannar at ma2an rate
A calls per hour during a given working pexiod,

A total of N ambulances are assigned to reépond to these calls.

The total time to service an emergency call is independently drawm
from the negative exponential distribution with mean 1/¢ hours.

A call is delayed when all the N ambulances are unavailzble for
dispatch. ;

13

12

Dzlayed calls form a queue znd are answered as ambulances becoms
availoble in a first~-comsz, first-scrved manner.

There are no external cources of ambulances.

Once assigned to a call an acbulance does not desert that call for
another,
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When the service is in the stéady—state, the probability

that an emergency call experiences a dispatch delay, QN’ is a
function of A, U and N as follows¥:

N N

Z
Z

For convenience we have used p, dqfined as the "demand
intensity," where p = %. Equation 4.1 is the well-known

Erlang Delay Formula used in telephone traffic theory.

QN is piottcd in Tigure 4.1 agajnst the demand intensity p with
N, the number af ambuJunro as a palampter. Each combination of p
~and N dotermines a particnlay valuz Qf QN Ve should like to keep
the probebility of a dispatch delay as low as possible. Trom Figuie
4.1 ve can cstimate the valus of-Qﬁ for auy value of p in the range
0 to 7. Weo shail definz Q to be the “level of scrvice'" at the
specific value of p cncountered by our service. FPor example, if
-the mzan call rate during one shifit is such that the demand intensity
p is equal to 3, thnn an ambulence servica with 6 vehicles will
providc a 107 level of service (see Figure 4e1). This means that
the steedy state probability of a crll onccunteriug delzay 1s less
than or equzl to 107, Alteruatively an averape of 10/ of 21l calls
arriving durxng the hlft W411 crucounter a dispatch delay.

In Figure 4.2, vhich ig ezsily derived frowm Figure 4.1, we

indicate the number of arbulances nuoded to provide respectively (at

A list of the sywbols ug ed in this chapter ic included as Table 4.4 -

on prge 91,

i
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least) a 1%, 5% and a 10% level of serviceé., VWith a mean call rate
. Ef such that p=é4, we'should require 8 vehicles at the 10% Jevel, 9

| ambulances at the 5% level and 10 ambulances at the 1% level of
service. According to the desired level of service, ambulan;cs
may be allocated to each wvorking shift on the basis of the antici-

pated demand intensity, p for that shift,

| 10% Service Level

;f 4,2,2 The Expacted Dispatch Delay " ' j
From the same queculng model that gave us equation 4.1 we can

find the conditional expocted dispatch delay, i,e., the expected {

Demand Intensity (p )

dispatch delay encountered by that group of patients who euperience

a non~zero delay. From Reference No, 20, page 345, we sea that the

conditionzl expected digpateh dalay is

1. | Blo ) = 380 (4.2)

where all the quantitiscs ere ez defined previcusly.

The unconditional dispzaich dzlay is simply given by the produci §

of 4.2 and the prébebility of a dispatch delay, Q- Therefore, the

¥
-

unconditional expected dispatch delay is ' !
P P >

Vd
=

s | | E[D] = | O (43)

| i L AL J e SR, o

vhere Qq is defined by equation 4.1.

Ve observe that the conditional dispatch delay, which is a

(N}

better measure of the actual delay encouatered by patients than the

FIG. 4.2: THE MINIMUM NUMBER OF AMBULANCES FOR 3 SERVICE LEVELS

Number of ,
Ambulances 5 [

unconditional delay, is a functfon of the mean service time, and
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Sepends inversely ‘on the numbor of ambulances. Ve plot E[Dc] in
Figure 4.3 agalnst demand intensity p with N as a paramater. On
this graph ve superimpose the conditions representative of the 1%,
5% and 107 scrvice levels. We can make thiece ohservations from the
graph‘that suggest that the "level of service" concept must be used
with great care: . |
(1) At the same level of servite E[Dc] is lower for services
with a high demand intensity,‘suggesting that larger areas
with high demand are Better than smaller ones,
(ii) For very small sexvices (1, 2 or 3 ambulances) E[Dc] is
extremely large even at the 17 level of service, suggesting

an inadequacy of that measure in this case.

(11i) Tor large services, the introductien of another ambulance |

at the sane dewmand intengity does little to reduce the
dispatch delay for those who encounter it. (Although the
fraction of qll patients eucountering such a delay folls.)
4,2.3 The Utilization'qf hhe Ambulance Service
e shall define the Utilization Uvof the anbulance gerviee as
the ratio of the total number of amwbulance hours spent servicing
calls (trauaporting oud treating paticuts) in a wé;king period to
‘che total number of aubulance~hours available in that period. 1In
a period of iength T, An N-axbulance service has NT awmbulance-houys

available. The number of asbulauce~hours actually expendad serviecing

emergency ¢alls can be represented by H o, where
. J w,
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[ FIG. 4.3: THE CONDITIONAL EXPECTED WAITING TIME WITH N AMBULANCES
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- N-1 | 0
H o=(> 4P, + N > P.IT
v it &t
vhere P, 13 the steady-state probability that there are i patients

i
“being served aid waiting to be sexved (4=0,1,2,...). From the same

thecory as gave us equation 4.1, we can show that

/ By = [Q-Q e + N QT
1 " i - — P_ o .
Therefore u=Q Qan) Nt QN. (4.3)
For small Qu,Q; (i.e., when operating at a high service level)
~ R
U= C (4.4)

i

Equation 4.4 implies that an estimate of the Utilization can be made
from figﬂ;éwh.z,'for say Q equal to 1% and 5%, simply by dividing
the value of p by the number of swbulinces at a particular service
level.

In Figure 4.4 we plot eduation 4.3 as 2 function of p, with N
sn & parameter ond the conditions. representing the 1% and 5% service
levels superimposed on the main graph. From this graph an obvious

concoaltant to a high level of service is an extremely low utiliza-

tion, and thervefore a relatively hipgh operating ‘cost per patient

treated.  Thig s paviiculzaily prenounced where the' demand jitensity.

is low, and helps to explain why norticians, garages and taxi-cab
flects hLave provided emargency ambulance 'service in small towns in
the past. Whorezs this is unfortunate; it is not unusual in other

emevgeney~type services where calls arvive randomly in time. The

utilization of fire departments is at a similarly low level. Police

FIG. 4.4: UTILIZATION OF AMBULANCES
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K

patrol cars spend a considerable fraction of the working peried in

"preventive patrol," a function that fills in time between answering

calls for police sexrvice.

Where,; because of the low utilization, the cost per patient of
an acceptable emcrgenéy service has become prohibitively high, the
only altcwnative would appear to be the partial or complete subgi-
dization of the scrvice by the community. Coupled with an intensive
search fbr Qays to reduce costs (which'we shall investigate in later
chopters) and scoume Federal subsidization for the provicion of
emargency servicag to highway accldent victimg, community sharing
of responsibility for emargency ambulance service is becoming inore

and more common.[z’s’s’zzl

£02.4 The Utility of the Dispatch Deloy Hodel

The Dicpatch Dzlay Modzl developed in this cection is uscful

firxst zs an aid te the adwinistrator ¢f aan arbulence service, and

ght into the operaticn of the emerpency

n

sacoml ze a go:

[
)

rce of ingd
ambulonca ﬁran5portution system. An adwinistrator ermed with Figure
4.2 and avare of the behovior of the expacted dispatch delay (4.2.2)
canvmake & rousgn ostimate of the muber of ambulances needad to
provide an accepteble level of gervice in any working shift,

Coubining thie medzl with the wodel of the trvavel timz ip the next

‘section produces a more comprzheunsive uessure of the system's.
* ,

~71~
that the distinction between a 1% and a 5% service level is meaning-
ful to anyone. On the other hand the distinction between a 5% and
a 25% scrviceylevel is much clearexr, and does aliew the allocation
of available arbulances and attendants to those sﬁifts in vhich they .
are needed most.

The insights into system operation providesd by the model may
élmostbﬁe more,iﬁportant than ahythingielsé in this instance. We
have noted the low utiiization of small services endeavoring to
provide a high level éf service. In aadition, the conditional
expected dispatch.delay for snzll services (p < 1) is relatively
hich, even for very high service levels., Finally it appears that
to improve the system's operation at the margin is a costly proposi-

ticn., TFigure 4.2 suggasts that in order to iwprove a gservice from
. . «? *

the 5% to tha 1% lecvel requlres. an incfeasc of about 207% in the
nurher of ambulances. If, as we hava suggesfcd, 0% of the cost of
the enzrgency ambulance g;rvicc is incufred in manning ambulances,
then improving service to 47 of'the patlents wvequires a ;5% rise in
costs. While this 3s not unexpected, it dbes serve aé 2 spur in the
scarch for an altefnative wzthod for respondiug to calls dolayed by
systoem saturation.

The Trivel Delay

<

o ,  The second componcat of the Respense Time in Figuze 3.2 is the

performauce for the allecation of anbulances. One delicate problem ‘ ' ' ’ :

, , ; e - Travel Delay, the time between the dispatch of an amhulance and its

is the definitlon of an accepltable level of service. It ig unlikely ) ] ; L
: o arrival at the scenz of an incident. This delay is a funation of the

)
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distancé Letween the arbulance at the moment of dispaleh and the incident,
and of the speed at which the vehicle is able to travel. . That sneed is
1tself a function of traffic conditions which will vary considérably
during the day in most urban areas.

In order to comz to grips with the tine spent in travel we shall
make sonme simplifying‘assumptions that wvi]l allow us to explore the
consequances of differenf ambulance location boiicies. Currently the
locztion of ambulances vacies according to the agency prcviding'thé
servicé. Police vchicles, fof example, patrol the streets continuously,
arbulancey administerced by Fire Departments arce housed in fire-~stations

v

around the city, private operaticns usually have one ceatral location,

and arbulances assoclated with hospitals are usually based at one of o ¥

thene fnstitutions. e

We chall begin with a very simple descriptor of the distance betwsaen
thr esbulonen and the dncidont, end then cxominz the cunacted travel time
that results {row different ionationn of the ambulanées. Ideas and
resulis devived du Appeudin A cre uscd in this section and the feader

might want to byowse through that portion of the document before procezed-

ing furchaw.

4.3.1 'Thc Travel Distanco
We. shall assume th;t ouy ambuiance'seivicé is to be locatéd in
a city in whi&h the strests are laid out in d'redtaﬁguiar grid
pattern, i;é:,'stfeets are mutvally pezpendicular,iééy running North-
South and Egst-West. “All tho strcetsiare’assumed to be‘two~way nnd $ 

the digtance beticen any two points is siwply the sum of the Eagt-
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West and the North-South distances.‘ By estzblishing the origin of

a Cartesian coordinate system in the bottom left-hand corner of our
hypothetical city we can representany point therein by an (x,y) pair.
(See Tigure 4.5.) The distance between any two points (xi,yi) and

(xj,yj) is given by
d = lxi-xj‘ + lyi_-yjl

. , .
If A and Yy are the variables representing the respective speeds in

the x and y directions, then the expected time to travel between

.'(xi’yi) and (xj,yj) is

1 1
ty5 = E[TX lxi”le +"G; lyi'yj“

We shall assume throughot = = : ;
ghout that4vx vy Vv, so that tij is simply

T

1
ti3 ELG (] xmx,] +_’yi"yjl)]

4.3.2 Trevel Tine ag a Funeticon of A-Dhulance Locarion

*

If onz awbulznea has becn assigned to the hypothetical city of

Figure 4,5 : alatd he enpest - ¢ 3
| A .3, the calenlation of the expecied Travel Delny ig e eliple
mitter. Assume that calls for cmnrgency cervice are vaifornly

2 v P Pe . A . . ! ) . .
dlun.lbubed,spagghlly end oeenr indopendently of esch other and of

| the positiqn of the awmbulsnce. From the work dene in Section A.2 of

Appeadix A we may quote the following results:

3
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X e (a) If the ambulance is located in the center of the city, the
{v expected Travel Delay is
Eft ] = l*-[m%n] - (from A.6, page 131)
c 4v
If the region is a square of‘arca A, then we can write
. Eft ] = 32 (4.5)
P ' This approaimation can be-shqwn to be reasonzble even when
. L (xﬁi"i\a)'{ [12]
wW— £ ) the area is not square .
L E:ﬁ (b} If the ambulance is rot locéted.at the'center of the city,
Lé but instead has its position described by a spatially
%l_ :;3 k - random distribution, ?t then follows from A.7, page 132 that
CF«k&)”:;::;1:::::ﬂ§i::5;f"——_—”--—-_’—-14 - the expccted Travel Delay is
m

e,

Again if the region i square of Area A, we can Werite

h[Lr] 2y (4.6)

FIGURE 45  RECTANGULAR  TRAVEL

; , _ : . Thus,’if there is only one azbulance in the city, pre-positloning
DISTANCE BETWEEN TwWO POINTS :

the vehicle at the canter lecds to a lower Travel Delzy than if the
vehicle wore randomly loczted, Howevér, if’thg demaﬁd uare suffi—‘
ciently large, there would always exist a qucue of waiting calls,
.IE the hogpitals are randomly‘located around the city, the ambulance
. - would respond to each call from some random location and the expccted

travel time would accordingly be approximated by 4.6.

.
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N Ambulances in the City

1f instezd of only one ambulance, N veiicles are allocated to

the city the determination of the expoctoed Travel Dalay becomes wmore

diffi

S . i .
cult. There are at least three possible strategles for locating

the amhulances:

(a) If 2ll the ambulances are located in the center of the

city then, as loﬁg as there is at least onc ambulance
available, the expected Travel Da2lay is identical to that

for the single ambulence

Ny
of KA R from 4.5
i.e. E[t'] S
NC
If, at the arrival of an cuevgeacy call, every ambulance

is buey, then the firvst vehicle to becoue available is

disp&tchcd, awl the expected travel time for that vchicle

is identical with thet for a randomly located ambulance

i + ""r
(on the assumpticn that the c1ty's hospitals are randemly

located)

2VE

—

i.e. 3V

o 5 -
E “NC] .

Therefore, in generul, the cxpected Travel Delay foy

centraliy located ambulaunces is giveu by
o
= J[T -‘.. S 1)‘
E[CNC] - .E: P i::'-:.- i
‘ A 208
= Q- Q\]) v Ty Ty |
Jr N
= (21Q) s

(b)
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where QN’ the probability of system saturation (or of a
dispatch delay) is defined by equation 4.1.

1f, instead of being ;entrally located, the ambulances are
dispersed randomly around the city the caleculation of the
expected Travel Delay becomes more complicated, We assume
that, if a number of ambulances are available when a call

for service arrives, the nearest vehicle is dispatched to

the call., If no ambulances are available, the first

vehicle to becorae free is dispatched. A qucue of calls

is dedlt with on =z first-come, first-sevved bosis.
If, at the instant an cmargency call is received,

there zre n ambulances evailable (0 < n < N), then we need

to find the dist¢ribution of thc nluinun of thia n digtaaces

between thic incddent and the rardonly located ambulances

(13]

Larson has shewn that this may be approxivaied by the

Rayleigh® distributinn vith paramecter 2 % .
£

the probability dznsity functlon for the minitum travel

Therefore

time tﬁR’ given n of the N vechicles available (n > 0) is
2, 2.2
inv -~
£ (0) = 42%—5- av?e?/s t>0 ,
NR

.

From which, it follcws that

nA

Eltgp) = lw\/ o

If no ambulances are avullable then agalan the cxpécted

travel time iIs that of a ranuoﬂly located ambulance,

PRI

‘*Rnylﬁiﬁﬂ Probzbility Density Function: f (x ) = azx e

—a X /2
fraf, 4]

_Note that this approximation i$ somewhat unsatlsfactory Jor small n.
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Ny . 2YA
ioen E[tNR] - 3v

We may coubine these as beforc to get the expected Travel

Delay

LS, 1g /
R[tNR] B = P Gy (N-1

where Pi is the steady-state probability that there are 1

-
bt

(4.8)

415
*MS

]
(@}

‘ patients being served and waiting %o be served (i=0,1,2...)-

A term-by-term comparison of 4.7 and 4.8 shows that

E[tNR] E.E[tNC], indicating that a distribution of the
ambulances around the city reduces the expacted Travel
Delsy over a central location. Equality of the tue delays
occurs oily vhen tha systen operates under conditions
approoching continual satuvrotion,

Equatica 4.8 ie plotted in Figure 4.6 against the
load iutensity g. (PJ”U‘“ dug to Lerson, Reforenca No.
‘13, page 330.) The ewpocted tyavel time h[t ] has been
novnelized by expressing it dn teris of %- %w
Finally, if, dnstesd of randonly locating Lhe ﬂbulanccs,
we pre-positioned cach vehiclarregv1ar3y throughout the '
city ve could entici pe o reducing the expected Travel
‘Delay. quo:tunateﬁy the mathenakicnl descripuioh of
such a locaticn gattera and tﬁﬁ iuturantions amoﬁg thé
incidents and the ambulances ie extromely difficuli. So

ve shall resort to using equation 4.8 as an upper bound on

-79~

FIG. 4.6: NORMALIZED EXPECTED TRAVEL TIME FROM RANDOMLY
LOCATED AMBULANCES TO RANDOMLY DISTRIBUTED EMERGENCIES
(Due to tarson, Ref 13)
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« expected Travel Delay, keeping in mind the approximation

when using the expression for E[tNR].

4.4 The Regpenge Time

The calculetion of the Response Timo.is now a simple matter of
corbining the Dispatch and Travel Delays from the previous two scctions.,
We shall carry forward all our

the Expected Respouse Time, Since disp

served regults in a lower expected Travel Time than the alternative single

central location, we shall use egvation 4.8 in our calculations.

In 2 city like that depicted in Figure 4.5 and deseribad in Sectlon

4,3.1, where emazzgoncy calls ariive at w2an vabe A In & Poisson wonics

s

eud are uniforisly distributed over the dpace, then, if awbulances ave
randonly distuibuted throughout the city, the Expected Response 11mv i=

siwply the sum of 4.3 end 4.8

i.e., Expected Response Time, E[R] = + R{D} 4 R[tNR]

Qy J
o pin] s 7 E‘ A /23“2*\ !
teewy BIRD = Tioy? + L2 Py 39 vt 7 sy 2— (4,99

b E0)

Now, in very few cities will emezgencles be generated at the sane

rate everyvhere. To take account of this variation we shall divide tha

city into regions such that the mean call rate Aj in reglon j is roughly

constant across the wezlon in any working shift. We can then allocate

each region, and assume that the mean service

ambulances randoily across

time is cqual to‘%'hourt in all regions. We shall add the further

3
assumptions from these sections in deriving

ersing awbulances around the reglon

Vo

simply,
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.

restrictive assumption that no inter-regional ambulance dispatch occurs

While this does not accurately reflect the behavior of either existing

or possible future systems, by making this approximation we are zble to

make rough estimates of the number of ambulaﬁces to allocate to each

v

region,
Under these assuniptions it follows that the Expected Response Time
in region j, E[R ] 1s equal to the sum of the Expected Dispatch Delay in

region j, E[D ] plus the Expected Travel Dclay in region {, E{tvp 1.
3 .

i.e., E[R

3

for j=1,2,...,n if therc are n regions.
The eity-wide expected Response Time, E[R] is simply the welphted sum of
the expected Rnsponse Time in cach of thae, say, n reglons. '
n A
E[R] = S =1 E[R, ]
mr o

where: Aj is the mean rate at which emgrgencies are

(4.11)

.generated in vregion j
A is the mean rate at which energenclies are

generzted in the vhole city
n
A= > A
=1 4
The allocation of ambulances to the n regions neir procecds very
We allocate ambulances one-by-one, and in each case the alloca~

tion i5 to that region that produces the greatest reduction in the clty-

vide Expected Response Time glven by 4,11, This allocation procedure

~continues until either there are no ambulances. left to allocate, or we

J] = E{Dj} + E{zNR ] : (4.10)

AT
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havé satiéfied some eriterion relating to the expected Response Time

(either city-wide or regional). We shall demeonstrate thg method by means

of a very simple.éxamplé in Section 4.5. We pause at thie po;nt to

chapter, which are listed in

;;?; : | sunmarlze the assumptions made in this Table 4.2: Assumptions in Ambulance Allocation Model

Lo Table 4.2.

4.5 A Simple, Numerical Exsmple

"The city or town to which the allocation is to be made is divided
: i into n regions, in each of which calls arrive in a Poisson mannay
shall use the hypothetical city [ at a constant average rate. The average rate in region j is denoted
1o by Aj calls per hour,

For the purposes of this cxample ve

. assumotions of Table 4.2 hold. Ve
shosn in Figure 4.7, for which all the P 2.  The total time to c'et‘vice an emergency call s independently dram
from the negative cxponential distribution with mean 1/y hours for

any call in the city.

x) ol ‘here
assume that after cousideration of the demand pattern in the city, there

. - i dr ey
f | - exist 3 distinct regions, across czch of which the wmean Yatc of call

T L . & R s
. S

tiime pellod is approximately constant. Assuming

3, Ambulances are assigned to each of the n regions, randomly distvibuted
thzouOhout each regloin, and respond only to calls dn the region of
assigneonl,  In every case, the necrest awbulance in the region is
dispatched to the incident.

gensration dering any

' g tack iz to alloeate
~that there are N aumnlances availalle in the city, our .

[N

cted Response Time is !? . 4, A call’is delayed when all of the ambulances in the region are

i unavyileble for dispatch. Delayed calls form a queve and are
answered as ambulances become avellable un a first-comn, first-
served basis.

thew to the 3 regions so that the city-wide Expo

. mindrized,
e

hy dy - o
any particular distribution of the N subulunces &mong the three
(] L» 8 oy

Yoxr 5. Thevc are no external sovrces of ﬂnbulauce All calls are serviced

‘. . by onz of the arbulances &-1100" d in the C.l ty
St 1 n, in vegion 3 we can 2 a ambuls at '
_regleas, say Ny in region 1, n, in reglon 2 anc n3 i

6. The streets in the city are Lutnally peLpendiculqr and the average

B E 1. The ecity-uide _ ‘
[h bR 3 travel specd is the same azcross each xeglon.

aleulate the expeeied Response Times E[Rl],

1

xpocted Reaponse Tine 1s then siﬁmay

. 3 A ‘ : !
E(R] = zl—f BIR;) (4.12)

| ) aryuhiore : .12
Since the mzan service rate M is the same}everywhurg in the city, 4

can be rewritten

f A o e e e




Figure 4.7: Hypothetical City for Numerical Example

Region 1
é;‘. : , Al = 4 cails/hour
‘Q ‘ ' Region 3 '
5 o i Area: 2 sq. miles
i 13 = 2 calls/hour -

Area: & sq. miles Resdon 2

A

2 = 3 rcallS/hour,

Aread 2 sq. miles

Expected Service Time: 30 ninutes in each region
4

Aversge Specdst 10 wph in Reglons 1 and 2
15 mph iz Region 3

city of about 1 willion people.

—d s :> - ,:; - )1 l):._‘».e‘d
Thoe city above has characteristics siudlar to a densely populat

*

3p
E(R] = 3~ =L B[R] (4.13)
=1 |
<A
. = L
where pj m s

3
p = § P.

The desired allocation 14s that which among all the possible ny, n, and
n, minimizes 4.13. Stated mathematically we are seeking |

E[R*] = nl,§§§n3-% (plE[Rl] + 0, E[Rz] + g E{RB]) (4.14)
To simplify our calculations we shall work with thebeXprcssion for
pE[R*], which clearly does not affect the optimal allacation. -We shall

[25] and allocate

invoke the Opcimality Principle of Dynamic Pfogramming
tﬂe ambulances sequentially, assigning an ambulance at stage k to the
regioﬁ among the three which causes the largest reduction in pE[R¥] found
at stage k-1, Ve carry out the allocation in N stagesi and the wasulfant
distribution has the minimum city-wide Expocted Response Time of all
distributions with N ambulances,

Using fhe appropriate values for the city given in Figure 4.7 we can
calculate; for each region, the Expected Delay Time, the Lxpected Travel
D:lay and the‘Expecteﬁ~Response Time; These are tabulated ih columns‘Z;
3 and 4 of Teble 4.3. In goluﬁn 5 we enter the Expceted Respouse Tima
foi the reﬁion weighted by the démané’intensity in tﬂe region. beducting
the waighted Expécéed Responze Tiﬁe for fegion 3 wi;h n ambulances.

,(nj 2 1) from the weighted Expected Rosponse Time with (ﬂj—l) ambulances




Table 4.3:

Calculations for Ambulsonce Allocation Example; Pegfon 1

| vt = 23 A ave ad = 10 mph
Repion 1: i 30 mins.; kl = & calls/hour; p, = 2; Av. Travel Speed = 10 mp |

uy L
- y ad | Change in Order of
; ¢ Expected Exrected Weishted Exp. . 2 ;
No.’of EXpecuedo Travel Time | Response Time Response Time | Wtd. Exp. Resp. Time| Ambulance
Anmbulsnces | Delay Time Tavel. 2 Ambulance |
| ] D i %, ) A(p,EIR, 1)
n E[D,] Eltyps iRy PyELR ] 1ERy
: miv; mins. mins. nins. mins.
]
» S s A
1 o - ©® o - 1
| 2 o — 2] oo - 2
6
3 5.4 ! 4.8 14.2 28.4 ®
4 2.6 3.9 3 6.5 13.0 15.4 9
. | |
| .0 12
5 0.6 3.4 4.0 ! 8.0 5 |
5.8 2.2

’RegionkZ:

Table 4.3 {(Cont.):

Resion 2; Pegion 3

= 30 mins.;

= 3 calls/hour; Py = 1.5; Av. Travel Speed =10 mph

2 < .
No. of Expected Expected Expected } Weighted Exp, Change in ‘Order of
Ambulances Delay Time | Travel Time Response Time | Response Time ! Wed. Exp. Resp.: Time | Ambulance
oo ) . - = : Allocation
T r DR o4 DB B 3
n, E{D, ] Elty ] E{R,] | p,E[R,] B(p,EIR,])
mins., mins, mins., ming. mins.
1 oo - o ) -
2 >15.0 5.4 >20.0 >35.0 o
3 4.0 4.2 8.2 12.3 22.7
4 0.9 3.8 I 7.1 5.2, 11
-3 0.2 3.0 3.2 4.8 2.3
1 I ‘
Resion 3: -ﬁn = 30 mips.; A3 = 2 calis/hour; 02 = 1; Av. Travel Speed = 15 mph
ny E{DS} A[tNRSS E{R3} pBE[RBJ A(p3E[R3]) Order of
‘ Allocation
ming. nins. ming. mins, mins. "
o - ) o - k 4
12.0 L.4 16.4 16.4 © 7
3 1.4 3.5 4.9 _ 4,9 11.5 10
4 0.2 | 3.1 3.3 3.3 1.6
f .

-Lg-
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giveg us the reduction in pE[R*] at stage (nj~1) resulting from the
allocation of one vehicle to j‘when there are already (nj—l)~vehicles
assigned to j. Finally we list in column 7 the order in which the
émbulances are al;ocated, starting from 1. |

For the sake of the example we shall assume that we have up to 12
ambulances available for allocation in the'city. Inspection of Column 5
in Table 4.3 shows that we must allocaté at ieést 3 ambulances to Region
1, and 2 ambulances to both Regions 2 and 3 in order to avoid theoretically
fufinite response times. Therefore, the first 7 ambulances are allocated
in this manner. The allocation of the eipghth ambulan;e'to Region'Z results
in the largest reduction in pE[R*] at stage 7. (22.7 minutes in Ragion 2,
as opposed to 15.4 minutes in Region 1‘andﬁll.5 minutes in Region 3.) ’
The ninth ambulance 1s assigned to Reglon 1 and canses a reduction in

assigned to

2

pE[R*] at stage 8 of 15.4 minutes. The teunth vebilcle is

‘.
e

e

Region 3, and so on, The final allocation of, wabulances
Ragion l: '5 anbulsnces
Region 2: 4 zwbulances
Region 3: 3 aubulinces

By substitution from Tabla 4.3 we see that

P i 1 5 ' O/
E[R'f‘] = 2.0 T 154 1.0 [8.0 4+ 7.1 + 4.9)

= 4,5 minutes
If budget constraints linited the number of avuilable swbulances to
:10, then the two ambulances allocated last [Noa. 11 and 12 in column 7

of Table 4.3] would be discarded., The rosulting allocatien is:

S

L3
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Reglon i: 4 ambulances

Region 2: 3 ambulances

Region 3: 3 ambulances

As we would expect the city-wide expected Response Time rises, and we now
find

E[R*] = 6.7 minutes

In the event that budget constraints were relaxed and another

'ambulance purchased, column 7 in Table 4.3 indicates that it should be

- assigned to Region 2. The new city-wide Expected Response Time is

I E[R#] = 3.9 minutes

Instead of éeeking to minimize city-wilide Expacted Regponse Time, we
could instead have chosen auother criterion. For example we mightfseék
that allocation wvhich requires the mininum nuwber of ambulances that
résults in an Expacted Responce Time in ecach region of less thau 5 ninutes.
Inspection of column 4 in Table 4.3 indicates thar the requirad allecation
is Y

Ragion 1: 5 awbulances

Region 2: 4 awbulances

Region 3: 3 ambulances

In summary, this example hoz demonstrated haw an ambulance admin-

‘istratqr uight obtain rough guldslines to allocating ambulancec avound

his city, taking into account the cost constraints and the coasejuencos
t9 the patient in terms of the delay experienced, Since the modelling
of spatially distribuied scivice systems is only in its infancy, the

measvres used here are gross approximations. Nevertheless by meking use

-
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of these simple models based on easily obtained parameters, a rational

"first-cut" is available for distributing vehicles. This is definitely
Table 4.4: Summary of Symbols Used in Chapter 4

an improvement on procedures in all but a few cities where rules of
thunb, traditfon and convenience govern the allocation of these resources,

For the rezder's convenience we include as Table 4.4 a list of the
Areca

synbols used in this chapter,
' Conditional Expected Dispatch Delay

Unconditional Expected Dispatch Delay

4.6 Chapter Summary

Expected Travel Delay with N centrally located émbulances

We have succeeded in developing and using two simple analytical Expected Travel Delay with N randomly located ambulances

Expected Response Time in Region j

modals that can-help an adminictrator in allocating emergency arbulances

to & city or town., These have Loth been predicated on the not unreason- City-wide Expected Response Time ' ; bl

Minimum city-wide Expected Response Time for a fixed number of
ambulances allocated to n reglons . i
) i

¢hle prewise that the soonor oa ambulancs arwvives on the scene of the

cwzrgency, the better will be the paticat's chances of recovazy.
Dimznsions of a rectangular city « - b

The models have tyo dwmportont outputs that can bo uwaoed by the

Numbesr of ambulances allocated to loglon 3

euzrganny ambulance adninistrator:
Steady-state probability thar 4 patients will be upéargoeing and
- DN * Ay &

ewaiting sexvice

(1) Insights into Systom Operestion: The very process of develeopling
: °

znalytical wodels has provided us with a nusber of insights into Q¢ Steady-state probability that o systert with N ambulances wil) gl

, be szturated T :

aspects of the cmergoney ambulance system. In this chapter we . ' e

; u: Arbulance Utilization k

have secen that lowv utilizatlion of wvehicles, espeeially for '

v Travel Speed &

swall sexvices, i« an ineviteble conconliaant of a Ligh lovel ); b

! | , k2 Mean rate of call arrival I

of scrvice when calls arrive rendomly. The high cost of pro- . ‘ ‘

| , u: Mean rate at which calls are serviced ' 8

viding an improved service level at the mergin prowpts a . ' H

] 03 Ratis of X Lo u :

seavch for cheaper ways of servicing the calls causing satura- . ' ' :

tion. Section 4.3.2 demonstrated tha advantages of dispersing ! j
anhulances as opposed to having them at a single locatfon. e s e

N SRR

i o .
— T R . :
R0 5 T T s a0,
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Finally the worked example in Section 4.5demonstrated the
importance of the Travel Delay in determininé the allocation
of anbulances [see Table 4.3]. 1t is totally inadequate to
consider Dispatch Delay alone and to assume that the time for
the ambulance to reach the patient is negligible.
A Methodology for Ambulance A119cation: Very gross estimates
on the one hand, extremely cheap and easy to use on the other,
these analytical models guide the ambulance administrator in
locating and‘allocating vehicles to various parts of the city,
They gulde allocations by forcing the recognition by the
administrator of the constraints under which he is operating,
i.e., financial limitations and intolerable delays to patients,
Whereas couputer simulations may produ?e more accurate alloca-
tions, these are not widely availsble and é?e uplikely to be
in very geazial uge in the ncar futuye., Undar these olrcum—
stances tha simpié analytical model is tha only resort of the
administrator vhose aim is an ambulaﬁcc sevvicae tailored to
take account of the nurber and location of calls. By adopting
the procadure outlined in Table 4.5 tha ambulance administrator
has a tool for:

(a) Making ;ilocations of ahbulaﬁces around tha city that
reflect damind for cmzrgénc? éervice and the topology
of the region. |

(b) Investigating,the consequences of alternative
strategles, espeelally with regard to allocating

anbulances during different working shifts.

T ot N e R S : K 5 R

R — P Ly e s
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(¢) Making budget predictions, ang planning to meset

anticipated changes in demand.
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Table 4.5: Procedure for Using the Analytical Models in Chapter 4 ;

J. Mzcsure or estimate the mean call arrival rates across the city at
different: times of the day and the week, -

3 2, Divide the city into regions where, for socio-cconomic and other
i reasong, the mean arrival rates are gpproximately inveriant
' spatially. '

"R 3. Measure or estimatc the mean time to .service an emergency call,
4, Calculate the Expzcted Dizpatch Deloy end the Expectcd Travel Time
in each vegicn for different allncationg of ambulances to the

"
el regiong. Henee caleulate the Expacted Respousez Time.

P 5, Coubinz the Expected Responme Times into a city-wide Expected
et - Respense Time for various allocaticns of ambulances.

! : 6. select that allocation that best gatisfies budget .constraints with
I an Expected Response Timz that is acceptably lca.

£



CHAPTER 5: PRIMARY AND SECONDARY AMBULANCES

5.1 ‘Introduction

In Chapter 4 we proposéd.and modelled au eﬁetgency aubulance
service in which a fixed number of ambulances were ﬁroVidcd during é work
shift tb respond to the demand during that shift. A measure of the
effectiveness of the system was the Service Level, defined'to be the
prebability that the randem patient encounters a dispatch delay. While
the systgm described is essentially similar to many real—wofld systems,
it is deficient in a number of respects:

(1) The utilization of the ambulances is extremely low for

' reasonably high levels of‘servicg (low probabilities of
delay). See Figure bk,

(1) It is extremely difficult to decide what constitutes an
adequate level of service.

(ii1) The system is iﬂflexible. An unexééctedly low dewnand rate
during a work shift results in idle crews, but no reduction
in coét. An unexpcctedly.high demand rate on the'othpr hand
causes. a drop in the level of service.

@(iv) The system does not ﬁake use of all the ambulance facilities
available in most citles and large towns:

In tﬁis'éhapter we ¢hall consider the introduction of a sccondary

sotirce of ambulances.  As before we shall have a primary purveyor of

.
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anbulance service, perhaps provided by the municipal government®, but in
addition we shall provide support vehicles from amnother source. The
presence of these sccondary vehicles rcmoves the need to provide suifi-
cient primary ambulances to immediately respond te 95% or 994 of all
calls. (Reference No. 5.) A result of doing this secms to produce a
signifiéant cost saving, even when a very gengrous policy of reimbursing
the secondary operators is followed.

.

In the remaining sections of this chapter we develop a model that

describes the siﬁuation when a secondary source of ambulances 1s intro-

duced. From the wodel we can celect the least-cost number of primary
snbulasces to mect a specific demand for service. DBy approximating the

coﬁt of operatihg an amhulance service by a2 linear function of the uumbér
of primary vehicles, we can compare the costs ‘of . systeus wlth aud without
sccondary awrbulancas.

To start with, we shall acswwea that thore exlists an ineshaustible
Supply of secondary ambulances. During the analysis it will becom
apparant that witb high prebability thz inerhavstibility can be achieved
with'vcry fow vehicles., After the analysis we shall discuss alternative
sources of sacondary ambulanccs.

2

5.2 The Primary-Secondary Models

Ve now postulate an emergency ambulsnce system in which ghere ave-

#*We shall assuma that either the service is provided free of charge
or that patients are billed at a fixed rate that is independent of the
mode of tramsport (primary or sccondary).

R i e Lt
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two sources of ambulances. The prinary source dispatches ambulances to
alllemergenqy calls as long as it has an ambulance available. The costs
incurred by the primary purveyor are those of mauning a fixed number of
ambulances during.cach shift in the day, irrespective of the number of
calls answered., We have indicated (in Chapter 2) that most of this cost
is due to attendant galaries,; and we shall'therefore. assume it to be a
linear function of the number of ambul%ndes'in each shift, The secondaxry
source functions as a reserve to the primary source, responding to‘calls
arriving while all the primary vehicles are busy. We shall assume that

the secondary purvoyor is gtaranteed payment on a pro rata hasis by tﬁe

operators of the primary ambulance service, i.e. secondary calls are

charged to the E}imary‘qpefatbr at a fixed rnteiggz*gggl.

" We can model the system described zbova in very much the same weay
s . we modalled the saturation delay in éection 4.2, Let ug assune thah
in the time period under cousilderation calls for the emargency arbulance
service arvive ?andomly in time gt a constanf: average rate, A calls per
hour. We fuither assume that the tiwe to service any vall is drawn from
the generval distyibution with finite megn-& hours. We uncerstand that
the scrvice time includes time spent tyavelling to the sceun of the
enzrgencey and to the hospital, Finally wa assume that there are two
sources of ambulances: a primary source with N manner velilcles and a
secondaty source with an unspecified number of vehicles. The primary
atbularces respond to requests for emargency aid whenever a primary
veliicle is available. The secondary ambulances réspond only when

requasted to do go becauvse no primary vehicle ig free. We assume that

i
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Table 5.1

Assumptions in Secondary Ambulance Source Model

(1) There exist two sources of ambulances to respond to calls for
emergency service: a primary source which dispatches one of N
primzry ambulances to any call for which such a vehicle is avail-
able; znd a secondary source which dispatches secondary ambulances
to calls that arrive when all the primary ambulances are busy.

(2) Calls arrive in a Poisson manner at mean rate A per hour. Service
times are drawn from the genorzl distribution with mean Yu hours,
for both tvpes of ambulance.® ’

(3) The probability that no secondary vehicles are available is
negligibly smakl,, -

“

. &
(&) The costs of operaiing the priwary sruw of the service can be approu-
- imated as a linear functipn of the number of primary vehicles.

(5) The secondary source is paid on a pro rata basis.

*It is unlikely that theo mean service' time will be the same for
both primary and secondary vehicles., The assumption is made only to
facilitate exposition and can be dropped when necessary,

e b
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the probability that no secondary vehicles are available is negligiBIy
small, All these assumptions are summarized in Table 5.1,
Because the calls arrive in a Poisson manner, the probability of k

calls arriving in time T is

(}\T)k e"')\T

P(k;T) = %

T >0; k=0,1,2,... (5.1)

The expected nuwber of calls in time T is glven by

+

E[k;T] = AT (5.2)

After the system has been in operation for a while the primary source

vill be in one of N+l.”states" to which we may attach a steady-state

i

ability thet at any random time 1 of the N priwary ambulances are

probability. Tor state i, the steady-state probebility P, is the prob-
"servicing” emergency calls. (i=0,1,...,N.) We recall that there can

be no states gieater than N because calls arriving when the primary source
is in state N are answered by secondary ambulances. DBecause there arc

N+l wutually exclusive, collectively exhaustive states we can write

Pﬂ::
[N

o

P, = 1 R (5.3)
i=0 = '

In the situation where we liave calls arriving at the primary in a 4
Poisson manner at mean rate A calls per hour andnegative exponential

; . 1 s .
service times with maan-ﬁ heurs, it is easily shown that

S & M : (5.4)

e e

it e o
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It is a much more difficult task to show that the same resuit holds when
service times are drawn independently from a general distribution with
finite mean<%. We shall not carry out the proof, but the igtcrestcd
reader is referred to Reference No. 19.

Using 5.4, it follows that the probability that all N primary

anbulances are uvnavailable is simply
ol

N!
_(_z\/u)i ‘

i!

P~

(5.5)

M=

0

e
i

Over a long period of time T, the primary suurce'spends a time PNT in
state N. All calls arriving during thils time are answvered by a seceoundary

awbulance. Therefore, the expectaed number of calls answered by the

<

secondary source in time T s ’
ko
E[kS;T] = A PNT .
. . ‘

In unit time {(one hour) the secondary ambulances answer an average APN
calls. Correspondingly, in the same time, the primary source answers

l(l—PN) calls on average,

5.3 The Expected Cost of Operating the System

3

With the 2id of these simple results we csn estimate the expected
cost of operating ghe,primary—secondary system. We shall assume that the
cost of providing the primary service is directly proportional to the

nurber of primary ambulances z2llocated to a shift. Let the primary

PRVOPEEG P R SO e
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ambulance cost be cp per vehicle per hour. This includes all the doSts

associated with the vehicle and its crew.

In Chapter 2we indicated

.that these costs account for about 80% of the total cost of providiﬁg‘an

ambulznce service, and so they do represent a reasonable approximation

to total cbst.

We assume that the secondary source gets paid at the fixed réte of

¢, per call answvered,

hours, the average fee to the secondary source per hour spent working iz

c! = ue

] S

Since we know u, it is easy to transfer from ome cost to the other.

Since the average time to service a call is %

u

5.7

From all the assumptions we have made we con now calculate the

expacted cost per hour of operating the system we have modelled:

(1)  The primary cost, irrespective of the number of calls

answvered is simply N.cp per unit time

(11) The expected secondary cost is the prodvct of the expacted

number of calls answered in unit time and the cost per-call,

and equals A.PN.CS (from 5.6)

(ii1) 1he total expected cost per unit time is thereforo:

C =N, + AP,
cp A PN cS

or C =N,e + A-P .c!
~ P u N's

Since'cp and c; are in the same units we can write

*

<

(5.8) {(From 5.7)

????? r is the average ratio of the secondary cost per hour of operation to the

s e
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primary cost per hour. We can therefore finally write equation 5.8 as

€= c [N+ zp Byl | R &)

'::l>-'-

where p =

«

Equation 5.9 has been graphed in Figures 5.1 and 5.2 as a fuhction
of p with the nunher of primary ambulances, N as a parameter. We have
arbitrarily set ;=5. The curves representing equation 5.9 combine to
produce a minimum cost envelope, so that at each value of p it is possible
to ;pecify the number pf primaxry ambulances that result in the minimum

expected cost.

5.3.1 The Value of ¢

The reader should note that unless r is greater than unity it
is always move economical to provide the!hhoie service using only
"secondary' asibulances. Even if r is greater thau unity, there will
be a critical value of p below which it would be more economical to
operate with the secoﬁdary ambulaucés alone rather than to introduce’
a primasry sefvica. We offer the following simple proof of these
atatements:

From equation 5.9, the eupected cost of operation without

a primary gource is simply C = cprp. (PN = Po,= 1, because

there are no primary vehicles.) The expected cost of operation

yith one primary ambulance ic C' = cp + rp Plgp (from equa-

‘tion 5.9) In this case the primary ambulance ;an be in one of

two states: availabie (with prdbébility PO) or answering a

; -103-

FIG. 5.1: COST OF PROVIDING AN E.A.S, WITH PRIMARY AND

f SECONDARY SERVICES (r=5)

7 . N=6/ N=7

g N=0 N=1 N=2 N-3 N4 N+5

7

;é 6

t C=

Expected 5 ,

Cost of N = Number

. ?ew{xjcgt of Primary

I unis -, Ambulances
of ¢ )

p

N= Jol1f2) 3 | a5 ] 6 7
4] ) ! 2 3 4
=y - Demand Intensity ( P )
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call (with probability '21). From equation 5.4 it follohs that
1 1+p . : :
: '
o % Clearly it becomes economical to empley a primary ambulance
zz=z=z :
o : a4~ _ when the expected cost with that ambulance is less than the expected 1
= Q. : . . 1
& kX ' - j cost without it, i.e. when C' < C !
> Z
2 g : 1e & ﬂ rp?
= - v i h > 1+ ;
P : when crp > c_| 1
Z 3 “ £ : P P 1+p Y
O i <t b=t § ] 5 i
c St
no= £8 & 5 SR From the ab find th ; 1
= = -~ E : From the above we find that a primary ambulance should be
o) o £ = = - @ :
z = 25 E = 1 introduced only if r > 1 + =, Theref £r<
. E . : ntroduced only r 0 erafore, 1f r < 1 it never {
> EB = : S
[N} = e :
= N =0 = 3 pays to use priwmary vehicles. The whole service can be more
= = A< i
g — - ’ i~ economically provided by ambulances paid on a pro rata basis.
T = IS i - : 1 . .
=R . = Even if r > 1, 1if p £ -1 it is economical to use only
=" @ o ; , |
-4 n ;: . . i
L= = % L secondayry vehicles to provide the-.-service. Reference to
wn = :
! 0 2
. z N = b Figures 5.1 and 5.2 shows that for small values of p no primary
% f\‘ 1 o~ 5 ambulances are involved.
- \ AN : ‘ 1
1 ) 5 }
= ™ ! T To summarize, if a secondary source can be found that will :
. } . ’
2 S : , , , '
3 I Lo Eoy 4 3 provide ambulance service on a pro rata basis such that r < 1, then
& O I R R ~
f.: S R A there 15 no reason to consider providing additionazl primary ‘E
. } H i . E
O oo ; - ol
= A ambulances. Where the secondary to primary ratio is greater than
} i I 1 R . H [an) ok . $:3
Q ‘ i T
© < o ) <t o - unity (a most probable event), if the demand intensity p is small S
(4N ] g % &
N then 1t will still be economical to operate with secondary vehicles
= 2 . . X
(S B o E ‘ alone. This is an obvious solution to the problem of providing b
‘ 0 B © 25 e . I
O 28 ac.. t emergency service in small towns where the demand is low. 4
(EWR &b Vo JR =it &) i
- A
“r‘
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§ used. From 5,310 it follows that under these cirecumstances
5.3.2  The_Averagq Cost pér call Ratio, k v ; ‘ K> 1 . .k

The ratio r relating primary cost per hour to secondary average ; ' o
. : Calculating values of k from Tigure 5.1 for varicus values of V

cost per hour worked is not a parameter that is casily conceptualized.
P p we find that for r=5, k varies in the range 1-5 - 2:5. Effectively
" The average ratio of the primary cost per call to the secondary cost per
- A e e ; we have constructed a service :in which the secondary source is being

call, k might be more attractive. Unfortunately k iz a function of ;
paid a fee per call that 1s approximately twice the cost per call

p and N, and is therefore not a constant. Nevertheless it is
. : for the primary source. This is a deliberate effort to encourage

ossible to derive a simple general relationship defining k, and
P . ple g P £ 5 participation in the emergency ambulance service by secondary

R from it to drav an interesting result. From previocus work we know: o . g
i . ﬁ sources by making it a financially attractive prospect. ;

" The average cost per call for the secondary ambulances is'c_ ’ 3 . K

5.4 Discussion of the Modsl

T c
2 P

cl

_ .5

c ===
U H

s
. . o o . .é . A major result of the modelling effort is the graph shown in Figure

The average cost per call for the primary ambulances is given by
‘ ‘ : 5.1 (and 5.2) which allows the administrator .of a municipal emzrgency,

-

N ¢ . .
P . ambulance service to allocale specific numbers of ambulances to work

o! =
P A(l~ Py )

§

shifts given some knowledge of the expected demand., A particular example

. _ffg of the minimuw cost envelopc that results from the primary-secoandary  §
c; ‘ é system when r=5 is preéented in Figures 5.1 and 5.2, Along the aBscissa l;
rﬁ(l“PN) v; in Figure 5.1 ve indicate the range of p fof which a particular number
N i of prinhry vehicles affords the lowast cost of system operation. 6&
rp - rpy - N = (k~1)N ’ ' vé : In theory, atmed with graphs like those in Figures’5.l and 5.2 an
- ' | é admipistrator'could allocate the number of primary ambulances needed in
[rp‘éllm(k'l) N from equation 5.9 each ghift to meet the demand (represented by p) at the lowest cost,
P ' b ' ”? ; _ Unfortunately, jugt as in the single  ambulance source situation of
Lo .
k=1 i,ét__ rpc"- ¢ (5.10) % " Chapter 4, the average rate at which emergency calls arrive, A, is
) ) ) P‘M ?“' e e e . "E unlikely to be constant over the duration of the shift. Thereforekany
fﬁéuduahtity“(rp?p;f C) can be obtained from Fig&;g 5.1 and is ;
alvays positive when both primary and secondary sources are
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allocation of vehicles will only be "optimal" for a limited period of
time. in this case, as we shall see below, the consequences are only in
terms of costs and not in terms of the quality of service offered to

emergency viectims.

5.4,1 Advantages of the Dual-Source Sysiem .
There appear to be a number of advantages to the system
proposed in this chapter, which to the author's knowledge have not

been fully exploited in any communities to date.

(1) In gencrai it appears that the dual source system ofifers
much greater flexibility than the single source system
discussed previously. Reasonably wide fluctuations in the
demand rate may be.accommodated withoy;;causing patients
serious delays. Conversely the consequances ¢f an crioneous
prediction in the expected demand in « shift would be less
costly or less serious than in é single~scrvice system. For
ezample,:when p is less than the value for which the alloca-
tion of primarybvehicles was originally made, then the costs
of operation fzll because less use is made of the secondary
vehicles, This is in contrast tnbthe single source situation

where cozts are independent of the nunber of calls answerad.

On the other hand, when p increasas above the level anticipated,

all calls continue to be answered (under the assumption that

ey s ey
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secondary ambulances are never depleted®) in tﬂe duaf-source
case. The costs of the service rise above those for an optimal
alldcation of vehicles at the new demand rate, however the
level of service (07 di;pntcﬁ delay) is maintained. In the
single source situation (Chapter 4), as demand increasés the
level of service declines with a fixed number of ambulances.
Because maintalning a high Qrobaﬁility of dmmediate response
is 'en important criterion, under a system with a fixed single

" source of ambulances, this requitres the allccation of suffi-
cient vehicles throughout the shift to meet the highest demand
rate. This inevitably leads to a low-utillzation, high-cost

service.

(ii) Even more important than flexibility may be the absolute
reduction in costs that result from answering marginal calls
wvith a secondary ambulance, In Figure 5.3 we compare the

costs of providing 3 levels of single-source service with the

“Asgume that there are an infinite rnumber of secondary ambulances
and ¥ primary ambulances. Then the probability of there being k secondary
vehicles busy -at ong time is easily shown to be

.-.pP
k N
(pP) " e

k!

Pr[k busy]} = k=0,1,2,...
Thereforc, the probability that more than one secondary vehicle is busy
at a random time is .

I

X ~pP
Prik > 1] =1~ (1 + pPN)e

~ For the situation when r=5 we can show by checking polnts on Figure 5.1

that this probability is about 6%. We therefore believe that our assump-
tion about inexhaustible secondayy vehicles is valid. ‘
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COMPARISON OF COSTS FOR DUAL AND SINGLE SOURCE MODELS

NO SECONDARY SQURCE

' ‘ K
1% Service 5% Service 0% Service
LEVEL LEVEL l LEVEL

Primary and
Secondary Sources
{for r=5)

i S 1 1

3 4 5 6
"Demand Intensity (p)

(1i1)
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dual-source service in which r=5. It appears that by paying
a secondary source approximately twice as much per call as
the primary source (seec Section 5.3.2) we can provide a
service with no dispatch delay at about the game cost as a
sinzle source operating at a 10% service level., The cost
reduction is most significant for small demand intensity 0.
The reader should keep in mind that we have approximated the
cost of providing the service as a linear function of the

number of'primary vehicles involved.

A final copsideration is that the existence of a secondary
source of ambulances allows the dispatchier sorne discretion
in the vehicle he choosas to dispatch in response to a call.
For example, at a point at which very few prinary vehicles ‘
are free, the dispatcher has the option of sending a secondary

ambulance to a call that he perceives as non-urgent, and of

keeping primary vehicles in reserve for urgent calls. This

‘strategy will in general prove to be more expensive than the

simple system of our model, but it could provide better
service to seriously injured people 1f the secondary service
is of a lower standard than the primary. Alternatively, if

there is an available gccondary ambulance din the neighborhood

of an incident, while the nearest primary vehicle is a con~

siderable distance away, then dispatching the secondary rather

than the primary vehicle would réduce the time the patient

waits for the ambulance's arrival.
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5.4,2 The Existence of Secondary Sources the rescue wagon being unavailable when necded at a2 fire may-le too

So far we have assumed that sgurces of secondary vehicles ig» serious to warrant its use as a sccondary ambulance. i
- g/ :
exist without specifically examining what these might be. Potentially %i ;
the most iﬁportant source would be private ambulance companies ) fi - 5.5 Couclusion i
. ' e ug
engagad in the routine transport of patients between home and hos- gt ' . !
e In this chapter we have developed and discussed a madel of a f
pital, These groups have been at best reluctant participants in | , i
. ' i particular type of municipal emergency ambulance operation. The model 3
the emergency service because of the difficulty of providing high H : . iy
: : ‘ is primarily an aid to decision-making and would be used by administrators 1
quality care at reasonable (to the patient) rates, and the problem ‘ :
. for i
F i
of collecting payment after an emergency call. If the private b , . i
: i (1) Allocating primary ambulances to the dally working shifts, ;
companies could be guaranteed payment by the municipality at o . i
’ B ¢ and updating these allocatlons as demand changes. i
reasonably high rates for each emergency call undertaken, then it .
(ii) Calculating budget requirements for the future operation of
should be possible to persuade them to join the service and to . .
: o - ; - the servica, and waking decisions about the purchase of new
maintain acceptable standards. , *
L e i equipment,
Another set of secondary ambulances to a primary municipal : .
- (i1i) Changinz thie primary operation in response to changes in the
service could be the primary ambulances from neighboring communities.
' ' : fees requirnd by secondary operators.

This situation is more complex because of the interactions among the , . .
' The primary-secondary system explored in this chepter appeals to
communities, and would require regionwide coordination of emergency : . ; - .

’ have the following advantages (revealed in part by the model) over the
services among different coumuntties that does not exist at present.
single--source service:
A third source of seccondary anmbulances are police station-

"

(i) A reduced cost at a higher level of service.
wagons (currently used as primary vehiecles in many communities)

(3i) DMuch greater flexibility, resulting in lover costs when demand
which could be used for less serious emergencies. On the whole '

, . dréps within a wofking shift, and the maintenance of the level
they are unsuitable for emergency work, being very lightly equipped . o .

: : ' - of service vhen demand rises.

and poorly designed for en route emergency treatment. Better ' 3 o ) . T

; . : < (1i1) The specially large cost-reduction over single~source operations
designed and equipped are the fire rescue wagbns attached to the o

.

vhen demand is low, i.e. for small services.

fire departwents in most cities., Unfortunately the consequences of
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(1v) The voluntary incorporation of the private operator into the
community emergency ambulance service, which would encourage
higher operating standards, and would improve coordination
during disaster situations.

One premise of this modelling effért was that an increased use of
already available facilities could produce an improved service. - This
document has ouly considercd better use of ﬁacilities inside. one
community. The next step is to improve the utilization of the facilities
that exist within a region consisting of a number of comnunities. This
too could be aided by a modelling effort that would indicate the alloca-
tion of awbulances to specific communities aund esteblish dacision rules
for inter-community awbulance dispatch and .the relocation of ambulances |
anong commmmitias In response to tho dynamlcs of the demend for emergency

<

sexvicn,
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CHAPTER 6: SUMMARY AND CONCLUSIOW )

6.1 Summary of the Document

In Chapter 1 we outlined the rise of the emer gency ambulancé service
ffom obscurity to somewhat depressing prominence. We pointed out the
greaf diversity of purveyors and indicated the complete lack of any
central respoﬁsibility for the emergency ambulance function. In rural
area; we found that norticians and private'companies provided a service
that in general does éqt satisfy standards set by the medical community
with regard to attendant training and vehicle equipment. We also found
that they operate under great financial strain in their efforts to
collect adequate payment from cﬁergency victims alone., In the larger -
metropolitan areas we saw that the emergeﬁcy ambulance service is morc
gften provided by a municipal agency frec of charg: to the ermergency

victim,
The establishment of legal standavds of’ambulance operation helped
to define for the operator what soma aspects of a gogd service might be.
like, without contributing significantly to their atﬁainmcnt; The firs£
responsc to the promulgation of these gtandards, and to the rise‘in
ambulance atte;dant salavies was the exédus frcﬁ ﬁhe emergency service of
the morticians and some of the privatevcompanies. This in turn led to
the recognd tion that’éhe emergency ambulance ”proplem" was, at least in

part, a financial one. Furthermore it became apparent that in order to

-115-
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improve the quality of the service dedicated professional attendants
needed to be attracted. It w%s quite clear that the migimum wage was
not going to be sufficient inducenant.

Through the literature a new awareness of the importance of the
emergency ‘ambulance service arose. There were positive responses from
municipal governments to medical pressure for improved services. This
then gensrated a new dilemma: how did one go about designing an improved
éervice, and how much would it cost to operate? Standards had been set
specifying attendant training, vehicle design and equipment, and first-
aid procedure. Personnel, who were apparently qualified to make good
ambulance attendants, notably army madical corpsmen, were évailable and

could be attracted into the service at the right salary. The problenm

facing the administrator was haw mauy of these relatively tigh-cost

* *

ambulance-~attendant units should be allocated to which parts of the

city to provide the most cffective emergency service.

Our approach to the prcblem began with the divisicn of the emergency

ambulance scervice system into three component sub-systems: communications,

medical services aua transportation. Isolating the Jast resulted in the
proposition of tﬁe arbulance response time as a measure of system per-
formance. The division of the respomse time into two corponents, the
dispatch delay aﬁd fhe travol delay, allowed us to develop mathematical
models that related the number of ambulances assigncd to the city, and
their location, to the expected response delay. A number of assumptions

that qualify the valuec of these nodels had to be made and these are

discussed in Chapter 4. Nevertheless, it is a relatively simple matter

R N i S T N
S R D S R R
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for an anbulance service administrator armed with data cn the average
rate 6f call generation, mean service times, and ambulance speeds -
to estimate the mean response time to an emergency call for a specific
number of ambulances. The procedure in Chapter 4 gives order of magni-
tude estimates of the minimum expected respons; time for a gpecific
number of anbulances allocated to various regions in the city when Sc
inter-region dispatching is congidered., Alternatively the procedure
allows the estimate of the minimum budget réquired to attain a particulay
low cxpected response time,

Estimates of the utilization of the ambulences in scrvices providing
reasonably low response times are found to be very smalli - an inevitable
characteristic of a service in which a high probability of imediate

I X

respouze is desived. Low utilization of ambglances iwplies & high cost»
to the user and a consequent fee that may appear to be disproporiicnately
largze for the service being provided.® This was one of the major causcs
of the financial difficulties under vhich private cowpanics labored, and
efforts to cut costs were at least partially responsible for the poor
service provided., Tortunately a large number of coumunities, most of

the big cities included, have realized that the benefits of an émergcncy
ambulance scrvice with the capability of immediate résponse are indlrectly

received bykeverybody in the community, not just by those who have the

#Assume that the mean service time is 30 minutes, that two attendaats

are required per ambulance, and that they are paid $5 per hour (the same

salary as policemen and firemen). If attendant salaries are 80% of total
cest, and the ambulance operates at a 25% utilization, then the fee per
4 100

patient to cover costs is 5 x 2 X5 X Tgy = $25, We recall from Chapter

2 that this is a good approximation to actual costs.
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need to use 1t. Therefore the emergency ambulance service is increasingly

: ‘ reason to believe that the secondary vehicles should necessarily i
belng provided at community expense, or at least heavily subsidized by ‘ :

comz from private companies, they appear to offer the best alterna-
the community. P P s Yy app

, ‘ .. ) tive in terms of the quality of service they could provide. Other ;i
With emergency ambulance utilization rates in the range 25-35%, ' !

, cost-reduction strategies that need to be researched are:
there would scem to be ample room for improvement. In Chapter 5 we

atthpted on the one hand to produce a more realistic model of the (1) Matching Response to Demand: Ideally we should like to

sorvice, and also to examine a nmethod of reducing costs by making better assign just those ambulances needed to meet the demand

use of existing resources. We saw that by using existing private for service. In practice aSsignments are made for the :

awbulance companies as secondary souncen of emergency vehicles, the cost duration of a shift. Since the demand varies among $

off providing the scrvice could be reduced over that when no secondaries shifts the staffing level will vary at different shifts.

arae aynd 1 hat 4 IR + s Filas <k . : A
were aveilable, end that in addition a higher level, more flexible In order to accomplish an equitazble workload, a schedule

scrvice rosulted.  Effectively we eliminated the Dispatch Delay of will need to be developed that ambulance attendants find

L3

Chapter 4, 2lthoagh the Travel Delay reowmains, and ambuvlance allocations
«

would hiave to be made subject to accepizble Travel Delays.

acceptable. This apparently simple problem is yet to be

resolved by police departrents in this country.

(i1) Assigning Priorities to Emergency Calls: DBecause of the

6.2 Aveag of Yuture Reserych

great range in the urgency of calls reeeived by the

Research in the emergency ambulance field will not unreasonably be emorgency scrvice, and because of the high cost of pro-

dirzcted toward the irmproveuent of the care delivered to the patient by viding immediate response, it would be a great boon to

it P B

Fi ¥4 £ ) € TN O . L P W -8 o A TRt r o1y 4 vt p ~ 3 ] ) 2
eacl: of (he componzat evb-gysteas of tha service, and to the reduction system operation if low priority calls could endure a

of ecosts. Let us begin by reviewing quickly a few strategies by which

¥

non-crucial delay when the service was close to satura-

costs wight be raduced. . tion. Ve saw that the provision of secondary ambulances i

gave the dispatcher the option of sending one of these
6.2.1 Cost-Raduction Strategies ,
5 ‘ .
We have already investigated onc cost-reduction strategy, that

vehicles to a call that he suspected was of low priority.

y There needs to be developed a set of options for the

r

of introducing a secondary sourcoe of ambulances. While there 1is no

s

‘ ) i

oo
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All of the above places a heavy burden of

L]

dispatcher in responding to calls of different priority : i responsibility on the dispatcher whose task has been

+€., send primar u - s ary ambu g . . .
G ’ P y ambulance, send secondary ambulance, § compounded by a larger region, a possible increase in
nd police station~ i1, dela se Q. »
send police station-wagcn, delay response, etc.) and a his response options, and possibly a changing set of
set of guidelines that rel nature T
t guldeli L ate the nature of the response | ambulance locations.
to the state of the systew. , ‘ '
(1ii) Combining Services: Figure 4.4 indicates that the } 6.2.2 Other Areas of Research
. X " - . " 14 -
utilization of ambulances (and hence the efficiency of i In addition to some of the areas of research outlined above,
system operation) imercases as the demand intensity : there are at least three other important problems on which attention
il [ - U 3 - - NERY]
increases. This suggests that we might try to aggregate d should be foucussed which do not relate to costs:

. ) 1. . 3 s v

the demand rate in some fashion. One method might (1) The collection of data and the execution of scientific
volve combining the emergency sl sexrvice wili . ' : o ;

involve conbining the emergency wrbulance service with experimontztion to explain the goneration of emargency

Fd 850 ar . i1 sV e o ) \ : B

the fire rescue arm of the fire secrvice. A second patients. Therc are wide variations inm the number of ;

L
alternative would involve the combination of a nuwber of f emcrgency ambulance paticnts per capita gemerated in
Lrgen a3 Lol .
local independent emargency awbulsnce services into one ' ' - . .
ocal independent emergency awbulence scrvices into one different cities (sea Chapter 2). This is only partly S

*

reglcnal emergency service. This approach alleows, in

explainad by accounting procedures., There are soclo~

" -3 » g 4 . ". . i N 1 1 . . P vapm fe
addition, the use of helicopters and special duty economic and other factors involved, and by understend-

vehic Jiose cost v d 1bit incorporatd . s ohanad v
ehicles whose cosl would prohibit their incorporation ing these, and perhaps by providing move comprehensive

tnta ore small service. A prerequisite for this type of . preventive health cere through public hospitals some

e, o g R i Bt
SOl A

T 3 A . “alig £ g 3K ; ‘ i
service would be the cstablishment of a regiorwide people may be spared the opporiunity of becoming

emergency communications network, and a vary careful emergencies. In addition, the move data that exists

analysis of the points at which the emergencey vehicles describing the generation of émergency calls the better %

would be located. If the region were particularly large, can be the allocation of ambulances to respcad to these,

8 I E Y et g i

there might be an advantage to relocating awbulances The following is a list of data that might be

collected for each emergency call answered by the -
rate. , ! ‘ ' . §

during the day in response to spatial changes in demand

© s At e,
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ambulancé service:
Location of the call
By whom was tne call reported
Time at which the call was received
Dispatch delay
Travel delay ,
Distance travelled by the ambulance
Time spent treating the patient at the scene
Time spent transporting the pationt to hospital
Hospital to which the pntient'was taken
Ambulance dispatched: primany or secondary, local

or othar

Number of asbulancer available when the call arrived

EEY
.

Nature of the cinirgency
Ultimate disposition of the patient
The improvamagt of wedical services at the scens of the
emargaucy , mainly through the uvse of more advanced
comnini cations techusology. ’The installatiocn of a
communicaﬁions,systcm that allews a verbal exchaugé

between hospital and awbulance aud also tha mbnitoring

Ao

of the patient's condition at the scene by doctors some

distance amvay (for example, taling an elcctrd—cardiograph),

t

will allow drastic treatment (for example, defibrillation)
appropriate to an emargency situation but currently

coufined to a hospital environment.
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(1ii) The further development of analytical models,.espécially

those related to vehicle location, as a cheap and quick
aid to the assignment of vehicles in an urban environment.
The data collection suggested under (i) could be used to
validate, utilize and.extend‘the models proposed in this

document.

6.3 Conclusions

In this document we have examined three analytical models related to
one aspect of the emcrgency ambulance service. lie Dispatch Delay, the
Travel Dolay and the Dual Awbulauce Source Moduls all relate to the

Transportation component of the Erlergency Awbulance Systew. The primasy

purpose of tLhe document was to investigate th

©

feasibility of us.iug the
modelling and analytical procedures of operations research in a "public

¥

system’ like an ambulance sevvice. Clearly the modelling procadures ane’

useful, offering both fairly specific results (e.g. the superiority of
the dual source system; the service timé distribution) and more general
insights (e.g. the loew utilization of ambulsences; the high cost of
answering the marginal call). Because of the scavcity of data we have
not validﬁted these models sagisfactorily, and therefore more work
should be doune in this direction.

| From the point of view of the ambulénce service administrator the
a;st’interésting,output of this document is the procedure recormended

for making allocations of ambulances to different parts of a city. This’

is the work of Chapters 4 and 5, and we summarize it briefly here.
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(1v)

‘available the situation becones somewhst complicated.
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From data gathered in a similar basis as that described

in Section 6.2, map out the rate at which calls are

generated in different parte of the city at different

times in the day. From this "map,” divide the city into ’

v

reglons across each of whieh the call rate is approxi-

mately constant.

Record the mean call arvival rate, mean vehicle specd,
and the mean service time in each region for every working

*

shift in the week,

If there are no secondary ambulances available, calculate
for each shift the Expected Response Time in each region
for different nunbers of’ambulanccs.quhcn use the
methods of Section 4.4 to allocate aﬂbﬁlances to’each
region such that the city-wide Expacted Respoase Time i=
minimized, or séme other criterion satisfied (c.g. aégu
ional expected response times below a specified minimum).

In the more likely cvent that sccondary & bulances ars

v

Allocate to each region the nurber of primary ambulances

that minimizes operating cost in the region (Figure 5.2).

Calculate the Expected E?avel~Timcfin'each region. ' If

.thesc. are satisfactory, then the solution is acceptable.

A -
‘

If, on the Othﬁrihauds there are some regions in which -
the Expcetud Travel Time is unacceptably large,

i

(v)
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« »
additional anbulznces will need to be added to these

regions,. Depavture from optimality necessitates a
search for @ Pareto-optimal solution in which the
allocations to each region may change, so that accept-
able Expected Tra&el Times are produced at minimum cost.
Because of the number of.alternatives the search might

best be carried out by computer.

Implement the suggested allocations and test for eberra-
tiohs~produced by. particular conditions in the city not

accounted for by the model.

45 the cities and tcwns in the United States prepare to provide

better equipped, rapldly responding emergency anbulances seyvices, one

of the first problems will be to prepare a detailed plan of systen

oparation and anticipated costs. The nodelling procedurcs described in

this docuisent can be tsed as a frawework within which to describe

altcvnative system configurations, to prepare budgets and thereby to

remove some of the curreont obstacles. to action,




APPENDIX A:  AMBULANCE SERVICE TIMES

A.l Introduction

In Tigure 3,2, page 47 we defined a number of tha parameters undep-
ine . oamh P ' :n - ey T ‘ ‘ |
Iying the ambulance transport operation., One of those is the Service

»

- . s e M
Timz, the time between the ambulance bejug dispatched and ies eventual

return to duty after the paticnt has been delivercd to the care of a

r Y ¥ o - $ - « oy - » . :
hospital. Service Time is an wportant component of the models used in

this documunt, but we have treated it in & ecurso

rsoxy fashion, mainly becausa

1t doay uot lend itself to simple mathematical treatment.
In this appendix we shall cuplesa one possible model of the Servica

Tiwma, It wi : i j
t 11 dnvolve a nutber of si mplifying ossumptions, soms of

. . .ﬂ‘ . - i e e . x . . . . '
which vill restrice the rodel's epplicahility td citdes with particulaciv

Qo o B e W P -
regulan strect plans Coup =roo subulancee operatiops in New

Wi H

J
m
!
d
e
n
~
o
:
U
_‘,
-
NS
o
3

o &

Yorr City suegoat that despite the azswiptions the modsl is not au

o ~1 N g Ay o - . P .t 2 N
unraasonchla c,p;ochh to describing the actusl Service Tina patterng of

T LappToY g1 TSI of 13 do v Vi 137 ] :
Ov ‘pprqqch Ufll L# to cousidar the Service Tius as the sum of

‘three compcicnts. These ave:
(1)  The tirz to tvavel to the scene of the emerserncy

(14) The tine to treat tha potient at the s sceus,

LI ) L34) 3 - )
(iii) The tire to travel {rom the scene to the hospital.

By assuming that the ambulance is located zt or near a hogpital and that

it traﬂqpor-“ the patlcnt to that hospital, wekmay‘combine (1) and (141)-

~126-

- positica of an incident by (xi,yi), where x, ‘and y, are independent of it
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above into Total Travel Time., The Service Time is now the sum of two .,

independent timas: Total Travel Time and Treatment Time. The Service

Time distribution is then simply the convolution of the distributions of :

the two compenent times. We begin by modelling the distribution of the
distance between an emergency and the ambulance when it is dispatched.
We can then find the time taken to travel to and from the emergency
Finally we add the

(Total Travel Time). assumption that the time taken

to treat the patient is distributed as the negative cxponential,

A.2 Travel Distance

the region is a2 rectangle with side m and n distance uvnits long, parallel

“to the siraat grid.“Locatiug the origln of a Cartesian coordinate system

. o 0 (PR |

The context of our ‘model is a city in which streets are laid out in

the form of a grid. Emergency calls ocecur in the city and are distributed

randoily in gpaen. Thoere are a number of hospitals located rendomly

throvﬂhout the city., Emnevgency ambulance gervicee s providad by vehicles

&t

-

located af or ncar thege hospitals, vhich respond to calls occurming in

a2 region around the hospital (sen Appoadix 1) We shall assume that trips

out of the region correspond to a negligible fraction of Lh& torel numbery i

"]

of ambulance dispatches. The asbulences transport patieunts back to the o e

hospital assceisted with the region. For simplicity we can assuma that
‘ \

in the bottom left~hand corner of the rngon, ve can rep*euunt any'

location by its x and y components. ([See Figure A.l(a).]

.

2

Let the Jlocation of the hospital be at (XH’yH We can denote the 'Q
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' each other, and are uniformly distributed over n and m respectively
]
[Figure A.1(b) and (c)]. Approximating the travel distance between the
hospital and the incident by the sum of the North-South and East-West
distances, we can write:
Travel Distance, d = !xH—xil + [yH~yi|
Setting X, = [xnmxii and Yp = lyH-yi' .
@*h&ﬂ;lnddeﬁ& ‘ N
! .
! ; d=x_+y, (A.1) 0<x <nm
!
Hoggital ! ' K 0c< <m
> Do in mie v - e e J W E' —— y i
Y (x‘*":.ﬁ\) . T |
A little thought will c¢onfirm that the density functions fy (y) and
oo S b2
N ’ : ' fx (%) are as showun in Figures A.2(a) and (b), and that the joint density
() ] r
- , unction £ (x is degcribe Figure A.2(c). ecifically we can
, £ i fx ¥ (x,y) is d ibed by Fi A.2(e). Specificall
rr
“write thet .
e (s ’ | ) 4 0<x <x 0y <y
. e\ | p— SFE 2R S Y 2 ¥y
0 < x_ <. ¥y £y, < Ty
A H=Ypr = 1
y . £,y Co¥) = 2 Food 1= : (A.2)
§ " T e 02yp 2y, Xy S % 20y
o ‘ mTTY S : ; . o ' 1 ¢ < pex | .
L "X . ' o fm S Fp S TTEy Yy ¥y 2wy
() ) o e

We cau use Laplace Transform wetheds to shaw that the density

function for the Travel Distance is:

FIQURE AL THE LocaTion OF AN INCIDENT | ’ 4 | 5 : g
.. 9 5o — - D —preese - —_ : ‘ I
fd(do) = [4 2u_l(do ku) 2u_1(d0 n)ﬁu), 2u__l(d0 yu) /
' ; o o - 2u;1(do—m+yﬁ) + “JI(do”XH-yH) - U_l(do—n+xH-yH)
+ u—~1(do"m+yH-XH) + u__l(dc—m—n-Fxﬁ-'ryH)] (A.3) . S
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¢ The expected value of d, which is quite easily obtained from the Laphl‘acc
1 g L3 ' ’
2] Transform of fd(do), is found to be :
. v : : E[d] = ma Z§-+ fé-— X, = (A &)
A _— ‘ : T2 m n  “H-VH )
{
}
o .
A < M A ; Lef: us now consider a few special cases of the sbove equation:

(1) A.4 1is a minimum when the hospité,l is in the center of the

Hl : region at (-le, —r-;). In this case E[d] = % {mn) (A.5)
Woa= s CX0) .
W The resulting density functlon may be dewived from A.3 and is
2/n . .
depicted below:
£ S
i
: ‘ l’do n m,’ mt
- o = n
© ' iy n-y Xy . fd(do) = T (1- u--l(do N 3) - u—l(do - —?j) + u—l(do B --_2_,)] (8.6)
(& | o
. ~ . J. Fd(c‘-c)
Y - o T ’
s . SRS
| ' |
{
| i : Far m>n
Fl(x"’%f =£?\ : %z—"ﬂ&;‘}: 'Ln : :
1 { r
olo : ! !
Yolmm oo e e : o A LY T
@0 ‘ : v 2 2 z o
} ; ; E
. l
?.}:“"E‘s =i { &(x“":\*%ﬁa
} ,
: , 1 . ’ ' : ;
© Xy Ty X T (11) If the region is a square (L.e. m=u), the A.4 becomesn
: L Curdl = S G
| E(d] = n+ 2 G+ yy) - 5 - yy .
FIGURE A2 DISTANCE - S |
' S'A.\NC%— BETWEEN /\-N < If we assume further that the hespital is centrally located,
NCADENT AND T ' | |
\ EN ND THE HOSPITAL .then E{d] = 92-, and the resulting density function is triangular

in shape:
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) Fd(dc)
B i it

|
:
|
|
t

! i
[
|
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(113) XIf the ambulance were not located at (xn,yn), but instead at
sonz point uniformly distributed over the region, 1t would be
necesgary to take the expectation of A.4 ovar the ﬁusqible
pesitiens (x,y). Therefore, with a randomly located anbulance

A4 becowmes

E[d] . (rstn) (A 7)%

w

If the region is a square A.7 reducos o

E{d] = %-n

Or if we defime the area of the region as belng equal to A,

o

eqiation A.7 cen be comvenicntly written ss

.
-

Efd] = ':2; fA (A.8)*

e

*These are the same as results derived by Larson in Reference 12.
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A.3 The Time to Service an Emargency Call ' ¢

*
«

The total time Lo service an cmergency call consists of three
components mentioned at the beginning of the chapter and depicted in the
diagrom bzlow. These are:

(1) The time to travel to the scen. of the cmergency, t

1
(11) The time to administer tirecatment at the scene, L
(1ii) The time to travel from the scene to hospital, t,.
tl
Hospital Incident L

\\\\\\\\\\\N‘\ L,

FIOURE A2 @ AMBULANCE SERVICE TIWE

The total service timo to is the sum of thouse thice tincs. Wherdos t

can be cgstiad to Lo dndapendent of the other tyo ting

]
o

s bhooo are

certainly not independent of each othcr. If we accume that the ashulance

is located at the hospital and that traffic conditions largaly deternine
travel speeds so that the time to travel to the scepne is-the sane as the
|

tine to return, we can deriva the distribution of thz Total Travel Time,

t
X

»
of

t; + £, from the results of the previous section.

If the tfavel'speed is v distance units per hour, then the

2d ;
travel time can be related to trzvel distance by tr = ;r~hours., From 4.6
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in (1) of Section A.2 it follows that

2

2 A’ n m mn
, ; <
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(A.10)
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The Laplace Transform of A.Y i3 glven by:

2 N
fT (S) = _.9}’,.. [1 - e"'nS/V - e-—rms/v " e_(m_{,n)s/vl

t A
ro {{te ]

(A.11)

Turning our attention to the time to administor treatuent to the
patient at the scene (tt)’ we shall assume that it is exponcntially

. P ) ,
distributed with mean <~ hours. We have the following characterization
t i

of this distribution:

£ HeE
¢ (t) = gc e t>0

t
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. 1 "
E[t ] = ~—
t ut
, A (A.12)
Var.(t, ) = i |
t 2 ]
ut |
Laplace Transform: f. (s) = ~13L- ‘ (A.13)
ap t £, (s) ke . |

. t

Now the total service time, t, is the sum of the independent random
variables t. and te- The Laplace Transform°of"ft (t) is given by the
., o ' )
product of A.1l and A.13. Evaluating this product and inverting gives

the desired result

2 -t ' - :
AR S - Ly . . min
f‘o(t) =——= [t ™ (e vl g_l(t B Ty le =0y Fu (e - =) ]

-

. 5w : ‘ ' t 2_ 0 . (Ao l[;>

Invoking our independenceassumption it foilows»from A.JO0 and A.12 that

- 1, mEn
‘hanut+7ﬁ
, . (A,15)
2, 2
Var.(t)) = 3 + 230
e 24 v .

Equation A.13 has been plotted in Figure A.4 for four different regions,

A assuming'%- = 15 minutes and v.= 20 m.,p.h. For any reasonably large

t
region there is a considerable deviation from the negative exponential

distribution. It 1s therefore inappropriate to use that distribution in

models of emergency ambulance services,



- FIG. A <4 PROBABILITY DENSITY FUNCTION FOR AMBULANCE SERVICE TIMES
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A.4  Comparison with Real Systems p

]

I; New York City the emergency ambulance service is provided under
conditions somewhat gimilar to those of our ﬁodel. Selecting two very
different hospital districts, St. Vincent's on Manhattan Island and
King's County in‘Brooklyn, we may compare actual service time distribu-

tions with those predicted by the model. In both cases we assume a mean

. b

treatment time of 15 minutes. In Brooklyn the speed was assumed

(7]

to be 15 m.p.h. in accordance with a Study in that region  °, and in
Manhattan theiﬁéééqfﬁéé'éﬁgﬁﬁgﬁlE§f§§”TG‘@.p.hﬁ':ﬁgfa.oﬁtéinéd'
from Peference Né. 3 is com@ared with,modél predictlons in Figure A.5,
The agreement ié-particularly good in the case of St. Vincent's Hospital,
_and the discrépéné§ in the case of‘Ring‘s Couinty Hospital is probably due
to the concentration of demand at one end of the region resulting in an
unusually large travel component in ﬁhe gervice time. |

The very laow mean speeds assumed'iﬁ the ﬁodél are not unususi for
city travel., Very similaryapeeds,éfe encountered S} the émiice 1n'
Boston - see Reference No. 12, page 85. The effect of mean speed on the-
Expected Service’Time is gfaphicélly illustrated in Figure A.6., It is
clear tﬁat in congested urban aréas the travsl component may dominate the
service time. | | ’

A result from the theory of siﬁéié—seryer queues with Polsson

: - o .
arrivals and general service times is that the Expected Walting Time 1s

[20] We assume that a

proportional to the variance of the service time,
somewhat similar result holds for more than oﬁe server, Since we should

like to keep the waiting time (called the dispatch delay in Chapter 4) as




FIG. A~5(a): ST. VINCENT'S HOSPITAL, MANHATTAN
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. . ‘ small as possible, we should like to minimize the variance in A.1l4, Not
: ) . u# :
c e R surprisingly this involves increasing the speed and reducing the
(=] (=] c | ond i '32!' N e o4 s e 1
> o 2 8 ‘ b
? ? g; g‘; - dimensions of the region. For any given area and speed, the square region
o @ L ' :
_— = QO Q :
EE T —é : minimizes the variance.
o g . — ; ;,
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APPENDIX B: HOSPITAL DISTRICIS

B.l Introduction

In thie document'we have'concentratec.ou the events preceding the
arrival of the ambulance at the scene of the emergency. We have aesumed
that the journey from the scene to the ho$p1tal i3 mnot particularly
critical. Whereas this 1s true in general, there have been situations
in which patients have been transported to a distant rather than a nearby
hospital, with consequent adverse effects. These unnecessari}y long
journeys are apparently the result of habit on the‘pert of‘the ambulance
driver, or of a‘relationship existing between a few hospitals and the
ambulance service.

In the next few paées we outline a simple brocedure that allcws us’
to relate an emergency at a partxcular location with the nearest hospital.
In brief, we describe around each hospital a region such that an incident
occurring inside one particular region is nearer to the hospital in that
region than to'any“other hospitzl., While it is unnecessary and inappro-
priate ‘to insist that every patient be taken‘to~the’nearest hospital,
discouraging iong end someyhat unnecessary journeys may: ’

éi)”b‘improve the chances for recovery of some patients;

11) increase ambulance availability by reducing travel times;

(114) reduce the grossly disproportionate sharing of emergency

‘patients among the hospitals in some towns and cities.
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B.Z2 The Travel-Time Model

’

We assume as before that we have a city or town with strzets laid
out in the form of a rectangular grid. Thoere are N hospitals particlpat—
ing in the cmergency service, and we shall creste N mutually exclusive
=nd collectively exhaustive regions in the city, each assoclated with
one hospital. Using the procedure adopted in Chapter 4 (see Figuxe 4.5)
and Appendix A we ‘can ‘identify each point in the city by x.v ccordinntns.

The distance between an incident at point (xi,yi) and a hospital

located at (Xé’y&) is:

d = Ixﬂ”xil + ‘yH-yi‘
We can associate with each of the N hospitals a distance d {rom the
incident at (xi,yi). Alternatively we can conqider that subset of =al
the points ia the city which are closer to (xn,yﬁ) than to anv of the
wé begin by examining the situaticn when tiere

remaining N-1 hespitals.

are only two hospitals in the city.

B.2.1 Two Hospitals
With only two hospitals in the city, there are tio reglions to -
be‘definee. Incidents occurring in Reglon 1 are cloger to hospital
1 [at (xﬂl’yHl)] than to hospital 2 [at (tz,sz)] ‘The boundary

betwecn the regions must be defined by the equation

(3.1)

Iﬁfﬁ|*hmwﬂ=|ﬁfﬁl+bmwﬂ

There are three possible configurations'that must be

eonsidered. First, referring to Figure B.1{a), we note thal:
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FIG. B.1: HOSPITAL DISTRICTS WITH 2 HGSPlTALé
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of equaiion B.1 in areas 2, 5 and 8 are easily

1 1
[x, - Flota) ) * ly; = 30pvu?? 7O

1
vy = 5 Oyt * (ypp =%y ]

1
In avea 8 ¥4 = STyt - (ryp~¥yyy) ]

These three equations define the boundary
A

B.1(b)} between Region 1 and Region 2.

An alt

one so that:

The solution for this situation‘i
. and giveé rise to the boundéry NN' shown in Figure B.1(c).
_special case when (ynz—yﬂl) = (XHZ_xﬁlj’ inc

l‘and 9 are egui

All possib

{nto onc of the three simple cases mentio

exrative'configuration of hospita

Xy < a2

Y1 < Yu2

S T (xy2™ %41

1o arrangements of the two ho

M shoun in Figure

distant from the two hospitals.

ned above.

1 lccation could ba

Hence it is

s derived in the same way as above.

In the

$dents located in areas

spitals can be fitted

-
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*

possible to describe around each hospital a region so that incidents

" in Region j are closer to Hospital j than to any other hospital

(j=1,2) .

B.2.2 The General Case, N llospitals

The extension to more than twe hospitals is achieved quite
simply by considering the boundaries between each pair of hospitals
in turn, I# theory it should.be,neces§ary to consider Eig:il
boundaries for the creation of N regions. In practice the number
of boundaries that are candidates for Inclusion in the composite
boundaries is considerably less, Many can be eliminated by inspec-
tion, and it is usﬁally only necessary to consider neighboring
hospitals in constructing boundaries.

As an example we include in Figure B.2 the regional pattern

resulting from the division of an area among fiVe hospitals.

Subsequent work, which is beyond the scope of this appendix, has

shown that metricsyother‘than the one used here ({.e. the sum of

Region 3
Region 4

the X~ and Y-component distances) give very similar results,

FIG. B.2: REDISTRICTING A HYPOTHETICAL REGION

B.3 Application to the City of Boston

The police department providss the emergency ambulance service in
- Boston. ﬁecause of conditions that existed some years ago, a tradition
 has been created whereby some 60% of the emergency victims are trans-

ported to two of the~city's hoépitals, ‘This practice creates conditions

of serious overloading in the emergency wards of the two hospitals, while

o
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other hospiﬁals in the city have under-utilized emergency facilities.
In addition patients have to undertake unnncessarily long rides in
police ambulances.

Using the minimum distance criterlon described above, the clity caa
be divided into eight regions assoclated with the elght major hospitals
in the area. Although Boston streets do not follow a rectangular grid
pattern, the coordinate system from which the regions were drawn was
located so that it paralleled the largest number of streets. These
regions, shen in Figure B.3, are not necessarily the "best' in any '
sense, They do, however, represent a re€alistic approéch to impreving
tﬁe quality of care received by emergency victims in the ecity, by reduc-
ing the time a patient spends travelling to hospital, and balancing the

distribution of patiéhts among the city's emergency wards.
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APPENDIX C

THE COMMONWEALTH OF MASSACHUSETTS

DIVISION OF HOSPITAL FACILITIES

RULES AND REGULATIONS

RELATIVE To

AMBULANCES

April 1968
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MASSACHUSETTS DEPARTMENT OF PUBLIC HEALTH
DIVISION OF HOSPITAL FACILITIES ' « %

Rules and Regulations Relative to Ambulances

I, Definitions
’"Amgﬁlance" is defined as any aircraft, boat or motor vehicle,
however named, whether privately or publicly owned, which is specially
designed, constructed and equipped for the purpose of transporting
patients, It shall not includgja hearse.

"Patient" shall mean any individual who is sick or injured. An

¢

" injured person shall dinclude a disabled person.

"Person' shall include any individual, firm, partnership, association,
corpotatioh,.trust, foundation, company or any group of individuals,
hovever namgd, concerned with the operation of an ambulance service.
"Perspn” shall also inciude‘any governmental agency other than the
Federal Government,

"Awbulance Service" shall mean regularly engaging, within the-
Commonwealth, in the transportation by ambulance of the sick or
injured.

A qualifiecd attendant shall mean an individual at least 21 years of

age, certified es having completed the standard and advanced American

Red'Croés First Aid Course or have eguivalent training approved by

bthe Division of Hospital Facilities.

"Commonwealth” shall mean the Commonwealth of Massachusetts.

“Department” shall mean the Massachusetts Department of Public Health.

"Division of Hospital Facilities" shall mean the Massachusetts




A,

 General Law,, Chapter I1I, 8B,

=152~
S Definitions {Cont'd. )
Department of Public Heaith.

" 3
Division of Hospitalwfacilities" shall mean the Massachusetts
)

Department of Public Health, Division of Hospital Facilities.

1 1)
Registered Motor Vehicle" shall mean a motor vehicle currentlv

:egistered by the Commorwealth of Mocsachusetts, Registry of Motor

Vehicles,

v ; »
An Ambulance Certificate of InSpectioﬁ" shall mean a "Certificas
< te

£ 3] 5
(o] Invpect:ion" issued by the Department of Public Health to an
applicant for a period of one year in accordance With the RULeg and

Regulations, prezcribed and established under the authority of

it . s N
Origiral Certificate“ cshall mean a certificate issued for an

‘ambulance not previously certified, or a certificate issued for an

a
mbulance in which there has been a chanae in ownership or location

"Disinfac "
ection” shall mean any process, chemical or physical, by

means ‘ i :
ns of which pathogenic agents or disease-producing microbes are

destroyed.

" ~
Sanitiz " : ‘
itization'" shall mean a process whereby o*ganlgws presext on an

"
S
terilization shall mean any process by means of vhich all forms
of microbial life are killed.

11, Ambulance Cgrtificate of Inspection

p ! g ’

conduct
, X malntain or profeos by advertisiug or otherwise to operate

$ =153~

“II. Ambulance Certificate of Inspection (Cont'd.)

conduct and maintain a business for transporting patients upon any
wvay or place of the Comminwealth, unless he holds a current Ambulance

Certificate of Inspection for each.ambulance issued pursuant to

these rules and regulations. Said Certificate of Inspection shall

be framed and conspicuously posted in. each ambulance and no efficial

.

éntry inade upon an Ambulance Certificate of Inspection shall be

defaced,‘removed or obliterated.

An Ambulance Certificate of Inspection shall not be required for a

motor vehicle which:

1. 1Is fendering assistance to certified ambulances in the case of

a major catastrophe or emergency.

2, 1s operated from a2 location or headquarters outside the Common-
@

wealth, and is tranSporting patients to locations within the = .

However, no such outside ambulance shall trans-

o

Commonwealth.,

port patients from one ‘area to another within the Commonwealth,
unless there is compliance with these rules and regulations.
- An Anbulance Certificate of Inspection shall be issued for a

specific ambulance and shall not be transferred to another arbulance,

Representatives of the Division of Hospital Facilities are anthorized

td enter and examine any ambulance, to determine if sdch vehicle is
properly étaffed, maintained and équipped in accordance with these
rules énd régulatidns;k Anfkattempt to prevent aﬁy such representa-

tive to enter and ex anine any such ambulance or garage, or to examine

records as required shall be punishable in accordance with "XIV

 Penalty" of these Rules and Regulations,
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III. Application for Ambulance Certificate of Inspection

Applications for an original or renewal Ambulance Certificata of
Inspection shall be made ih writing upon forms provided by the
Department and shall contain: .

1. Name and address of .the applicant and of the owner of the
ambulance.

2. Trade or other mame, if any, under which the applicant dces
business and/or proposes to.do business.

3. Training and‘experience of the applicant and.attendants’in the
transportation and\Sfre of patients. -

4. Description of each ambulance, including the make, model, year
of mapufacture; vehicle identification number; current
Massachusetts registration number; and fhe color, insignia,
‘namae, monogram or othe? distinguishing characteristics, 1f any,
to be used to designate applicgnt's ambulghce\

5. Location of’the place or places from which it is intended to
operate, | |

6. Such information as is necessary'for the Department of Public

Health to carry out its responsibilities under these rules and

regulatimns,

IV, Change in OWnership‘

1

Upon change of ownership, an Ambulance‘Certificate of Iuspectién
shall terminate and the new ownér shall be required to file an
application for an Ambulance Certificate of Inspection, in conform-

ance with all the,requiremsnts’fgr an original or renewal Ambulance

kCg;tifiCatc Of'Inspection,'herein set foith.

o S e vl it e g e e ST HL N S-S
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IV. Change in Ouwnership (Cont'd.)

o

When a registered or certified notice is received by mail by the

t

Division of Hospital Facilities that a .change of ownership of an

ambulance has occurred or a new ambulance has been acquired, such

notice shall have the effect of an ambulance certificate of inspec-~

tion for a period not to exceed thirty days.

V. Certification Proce&ure

The Director of the Division of Hospital Facilities upon receipt of
an application fér an Ambulance Certificate of Inspection shall

cause to be inspected, the ambulance, equipment and premises desig-
nated in eacb application hereunder to determine compliance with

the rules and regulations.

The Department shall issue an Ambulancé Certificate of‘Inspection_for

a specified ambulance to be valid fot a period of one year.

VI. Revocatlon of Ambulance Certificate of Inspection

The Departmenﬁ may revoke an Ambulance Certificate of Inspection
issued hg?eunder for cause. Failure of a holder of‘an Ambulance
éértiﬁicaté oé inspection to comply with the rulgs and reéulatioﬁs
of the Department prémuigated hereunder, shall be sufficient cause

for revobation,‘after a public héaring held in accordance with

_ General Laws, Chapter 30A.

WII, “Refurn of Ambulance Certificaté of Inspection

Each‘Ambﬁianée Ceflificate of ;nspection‘shall be returned to the

~Division of Hospital Facilities immediately by registered »r.

’
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VII.

certified mail upon:

ll

Each amhulance and 1ts equipment shall be maintained in a sanitary
manner and in good operating condition.

Each ambulange shall be equipped with the follewing:

Each
equi

1.

il : - =156~ - =157~

Return of Ambulance Certificate of Inspection (Cont'd.) VIII. Ambulance Equipment (Cont'd.)

3. Two or more padded 15 inch by 3 inch wood. or cardboard splints, «

Lxpiration of certificate," ' for fractures of the forecarm.

Revocation of certificate. 4. Short and long spine boards with accessories.

Change in ownership of ambulance, 5. Oxygen tanks with regulators and single use disposable masks of

Change of name of ambulance service. assorted sizes.,

Discontinuance of use of vehiéle aé an ambulance 6. lland-operated bag-mask resuscitation unit with adult, ch1ld and

infant size masks, capable of being attached to oxygen supply.

VIII. An 1
Anbulance Equipment 7. Simple suction apparatus with catheter.

8. Mouth to mouth, two-way resuscitation airways for adults and
children.,

9. Oropharyngeal airways.

Twe-wzy radio communiaation system. 10. Mouth gags.
Recording Tachometer, " 11. VUniversal dressing '
Siren. . ) 12. Sterile gauze pads.
Flashing Red roof 1light, 13 l; 2 ond 3 inch adhesive tape.
»Fire extinguisher (Underwriter's Laboratory) approved. 14. Six inch by 5 yard soft roller type bandages.
Explosion proof flashlight, 15, Triangular baAdages-
ambulance shall be equipped with the following equiprcnt or its 16, - Safety pins, large size.
valent whan approved by the Division of Hospital Facilities: :" N 17. BHBandege shears.
Hlugeé half~ring lower extremiﬁy split with &eb straps for ankle :{,‘ L 18. Cecllapsible stretcher with étraps.
hitch. S . - | | | }} BT 19, Two éandbagé;[
Two or more padded boards 4 1/2 feet'long and 3 inches wide, and “ D.  Linen and Patient Equipment:
twvo or more 31nilar padded boards 3 feet ‘long by 3 inches wide, = {?, 1. At least two pillews with removable washable protective covers.
of matcrial comparable to four~p1y wood for coaptdtion Qplint- ‘ 1‘ | S 2. A winirun of °ix individually packaged pillow cases), preforably

ing of fracturc of leg or tbigh. . ey disposzble
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Storage Facilities

1.
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VIII, Ambulance Equipment (Cont'd.)

A minimum of six Individually packaged sheets, preferably ?E
dispaosable, o

Sufficient towels to protect the patient's head and face; as

indicated.

A sufficient number of washable blankets in accordance with
seasonal requirements, oo :

A sufficient supply of laundry bags, preferably disposable,
including a specilal color*or suitable identification for rre~
caution linen.

A sufficlent supply of tovels, tissues and paper bags.

Emesgis basins, preferably disposable.

Sznitized wrapped bed-pan,

Sanitized wrapped urinal,

There shall be adequate*étorage facilities for:
a. Clean supplies and equipment,

b. Clean 1inen.

¢. Soiled linen.

d. Waste.

IX. ‘Standards for Ambulance Certification

Each ambulance shall cont“in equipment coaforming with the rules and

regulacions provided for herein and shall be:

1.

Staffed at all times with a minimum of two qualified attendants,

one of whom may be the driver.

=159~ -

IX. Standards for Ambulance Certification (Cont'd.)

2. Maintained in such a manner as to insure the health and rafety*
of the patient.

3. Used exclusively for the purpose of transporting sick, injured
or disabled persons.,

When not in service, an ambulance shall be protected in such a manner

that it does not become unsanitary.

X. Records
fecerds of service rendered shall be maintained and stored in a
satisfactory manner for a minimum of two years.
Record content shall includa the following:
1. Date and time of arrivel to transport patient, time of arrival
at destination,
2. Name, address, age and sex of patient.
3. Transported: From -~ = To -~ =
4, Name of attendants,
5. Filrst aid administered with date, time and signature of prrson

administering same.

Personncl Records

;. A personnel file shall be maintained for attendants and shall
include their qualifications and training.

Records required hercin shall be available for inspection by rerre-

scntatives of the Division of Hospital Facilities,
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10. Sanitized wrapped urinal,

Storage Facllities
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VIII. Ambulance Equipment (Cont'd.)

3. A minimum qf,six individually packaged sheets, preferably
disposable,

4. Sufficient towels to protect the patient's head and face, és
indicated.

5. A sufficient number of waghable blankets in accordance with

~seasonal requircments. B :

6. A sufficient.supply of laundty bags, preferably disposable,
including a special color or suitable identification for pre-
caution linen.

7. A sufficient supply of towels, tissues and paper bags.

8. Emesis basins, preferably disposable.~

9. Sanitized wrapped bed-pan.

1. There shall be adequate-gtorage facilities for:
a. «Clean supplies and equipment,
" b. Clean linén.
€. Soiled linen.

d. Waste.

IX. Standards for Ambulance Certification

Each ambulance shall contain equipment. conforming with the ryles and

regulations provided for herein and shall be:

%. Staffed at all times with a minimum of two qualified attendants,

. one of whom may be the driver.

‘=161~
XIV. Penalty (Cont'd.)

Certificate of Inspection, as set forth in these Rules and Regulations,“'
or whoe;er being a holder of an Ambulance Certificate of Inspecticn as
required herein, violates any provisic of theseARules and Regulations as
established by the Department in accorﬁance with General Laws, Chapter
III, Section 8B, sﬁall be punished by a fine of not more than $500.00 for
any particulér offense. A separate and'disginct offense shall be deemed
to have been committed on every day during which the violation continues
after written notice thereof by the Department té the authority to whom

the Ambulance Certificate of Inspection was issued.

XV. Separability

If any section, subsection, sentence, clause; phrase or portion of
;hese Rules and Regulations is for any‘reasén held invalid or unconstitu- .
.gional by any court of competent‘jurisdiétion, such portion shall be
deemed a separate, distinct and independent provision and such holding

shall not affect the validity of the remaining portions hereof.

XVI. ' An Emergency Situation

These rules and regulations shall not preclude the reasonable
omission of any of the foregoing requirements when a law enforcement

officer or a representative of a fire departrment determines an emergency

exists.
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XI. Personnel

A. Ambulance Attendants

1. The ambulance attendants shall be well groomed, appropriately

attired in uniform, and shall practice good personal hygiéne,

including handwashing.

.

XII. Sterilization, Sanitization épd Disinfection

Equipment and supplies requiring sferilization shall be processéd by

’ methods approved by the Division of Hospital Facilities.

Written poli01es for the routine disinfaction of the interior of the .

ambulance, and for the disinfection and sanitization.of. all, equipment
¥

unless disposable,.shall be established and enforced.

C. All equipnent, unless disposable, shall be properly cleansed and

sanitized after each use,

D. When an ambulance has been used to transport a/patient known to hsve
a communicable disease, the interior of the ambulance shall be
disinfected before the next patient is transported.

XIII. Linen
A.  Linen, unless disposable, shall be laundered after each use
B, |

Disposable linens shall be discarded after each use.

C. Soiled lipen, including,disposable linen, shall be handled in such

4 manner as to avold contamination of equipment and personnel

X1v, Penaltz‘

oey, is¢ :
Wh e:er‘advertlses, announces, establishes or maintains an ambulance

and/og ambulance sexrvite, as defined herein, without the required Ambulance
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