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INTRODUCTION
ii !I.

The term system has very manY,meanings.' There are systems iof

numbers and ofequations, systems ofv~luesand of thought,. system$.of .law,

solar systems, rnartagement system~lelecironic systems, even the New York

Central System. All of these terms ha-lrethe common meaning of havi~g "a
i, 1group of interacting elements under the influence of related forces."

i ,:

The state of a health services system is defined by the value of
I

the variables that describe its elements (e.g., prevalence of a particular
;¡ '1'

I

disease, or available hospital beds, etc.) as well as by the transfórmation

process in thesystem whereby inputsare translated into outputs. i

The elements of the health services system are grouped in sub-

the compositio~ of which depen1s on the criterion for the ~OUPing.. {

cri terion is type of care (e.g ~, prim~y care, hospital care, etc.)

then the termssub-systems is interchangeable with the term state of caree

In this sense, states are functionallevels of care within the health
'Ij . :~

services system. The elements that aré grouped at each state of care are

called units, e.g., several hospitalS(1.¡1nits)constitute the hospital care

state.
11INSERT FIG8RE I

:jThe input into each state is T¡leasuredby the number of "eptries,"

Le., persons or conditions as determined by the actual "demand" for services,

e.g., a patientwho tW,fce visits a cbn~ultant specialist because of!lotitis
i
'1media constitutes an entry to the consultant care state with two visits for

that entry into' that state. If need i$ preferred to actual demand, ..the input
in the model can be changed to a desired potential demando Such a shift

1
i
I¡
.J
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a.ssumes that need, i.e., the submerged part of the i<.eberg, can be translated

into demand.2 The conceptual distinction between these two approac?es has

been discussed somewhere else.3 The parameters that define this input will

depend on the criterion chosen to define disease, disability, dissatisfaction,

and discomfort.4

The output of the different states is measured by the numb~r of
I
¡

discharges from each. Possible out comes are dead/alive, diseased/healthy,

disabled/fit, dissatisfied/satisfied, uncornfortable/comfortable.

The throughput represents the movement of patients through successive

states of the system. Movements within the system can take place between

two units belonging to the same state Of care, i.e., a transfer, orl to two

different states, i.e., a referral.

Transfers and referrals document the movement or flow of people

within the health services system and illustrate the dynamic relationships

among its different states and units. The series of referrals anditransfers

experienced by each patient defines his utilization experience and reflects
5the utilization strategy employed. :hus, the throughput of the whole

system can be defined as the totality of utilization strategies for all

patients.
INSERT FIGURE II

SYSTEMS APPROACH TO PLANNING
Planning of personal health services can be basedupon analysis of

the performance or the structure of tqe system. The difference between the
I

itwo is that, while the latter deals with the internal relations among the

I
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prenatal care one will save Y children's lives.

The absence of objective measurement of the relationship between

systems and performance explains the u~e of subjective measuremen~s, such
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system's parts~ the former refers to the acquisition of inputs and their
6transformation into outputs. In the performance methods the required

resources are determined by the amount and type needed to achieve a defined

output~ measured in terms of performance such as reduction or contról of
!1 I~

death, disease, disabili ty, discomfort., etc. ~ whereas the methods based on

thé system structure the output is given in terms of number of services

provided. Effectiveness is the relationship between input and outPu~ in thej (1
-'system performance method; efficiency; is this relationship in the I¡lystem i.'

structure method.

Unfortunately, little is known about the effectiveness of different

health services systems. Most analytical studies of health services have

been concerned with productivity, expressed in terms of efficiency, but not

with effectiveness.

The paucity of effectiveness ~tudies is due to present limitations

in knowledge of methods to measure the different variables involved in the

output as well as in the input of the systemand their interrelatiopships.
!

Except in a few instances, relationships between the system and its .

performance are not known; even less is known about methods of quantifying

them. There is no evidence~ for example~ that by providing X units of

IJ
Jl

ti
h .. f t h . f h . . 7,8as t e op1n10ns O exper s or t e exper1ences o ot el'areas or countr1es.

Most productivity studies ofhealth services in the system:
I

structure methods have been limited to considering utilization of uhits at

different states of the system as measured by counting the number of services

provided by each unit or state. Onlya few studies have extended tneir



lIi analysis of utilization to include an,analysis of the functional relation-

ships arnong the units or states.9,lO ~They have been concerned witq both the
"number of entries into or departures frorn each unit or state and with the

preceding and subsequent states.

'. Planning for personal health services frequently has been based

on the first type of producti vity studies. 'They have
il
'1different states of care, i.e ., plann:~ng for hospital

dealt separately with
I

.1 .serv2ces, nurs2ng

hornes, etc., without considering the ~utual dependency among the several
i

states of careo The planning rnodel d~scribed below has a holistic' approach.

It plans for the different parts or sub-systerns of the total, taking into con-

of productivity studies and requires 'inforrnation describing

sideration their interdependency. This rnodel is based upon
l'
¡i

,1

the second type
'1
,1
I

intern~l relation-

ships arnong the states of the system and therefore requires data not only
- "on the number of services provided at: each state but also on the functional

relationship arnong the states of the ~ystern defined by the referral and

transfer movernent within the whole systern.

A MARKOVIAN PLANNING MODEL
11 12. '"This model is based upon the Markovian process, , 2n whlch the

health services states are postulated' and the probabilities of going from

probabilities, deterfuine the
~ -!

throughout tirne.l3 The postulated

one state to another, called the tran$itional
" 11

:¡

number of people in the various states

1- hea1 th se1',,:i.ceos
;l

states can hé chosen to meet any desired criteria. The ones
,

shown in Figure 111 have been chosen ~bitrarily.

INSERT FIGURE 111

The number of heal th services:!states can be extended depen~ing on
the complexity and comprehensivenes~ ~esived and ~hp availabilities of
l1sable information. IPrimary medical fare, consultant medical careo hospita1

_._ ... i!....-_ •. _ _ __- -~._-~~._--
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care, nursing home care and domiciliary care states contain people receiving

these levels of care respectively. The state Population Not Under Care

includes all persons not in any of the othe~ states. It includes sick

persons who are not under care in any of the other states as well as healthy

persons. The population of the region chosen can be defined according to any

desired demographic and epidemiological parameters. In the present applica-

tion the assumption' is made that every person in the population of;a defined

geographical region'at any point in time is characterized as belong to one,
'r

and only one, of several mutually exclusive states of a health services

system.

If n. is the number of persons at a given morr.entt, in state i, and
1.

k is the number of states, the total population of the defined region at

that moment equals Nft).

[1] N(t) =
k
E

i=l
n. (t)

1.

In other words n.(t) is the number of persons in state i at a given
J.~

momento It is denoted by the census.in that state at moment t~

The fraction
n. (t)

1.

N(t) denotes,the proportion of the population in

state i at time t, and is expressed by P.(t).
1. .

[2] P. (t)
1. =

n. (t)
J.

N(t)

Therefore,~ by .definition

[3]
k
E

i=O
P.(t) = 1

1.

In the Markovian process the fractions of the population in different

health services states at different time periods, P.(t), are deter~ined by
1.

~...
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the transitional probabilities of going from one state to another during

the chosen periodo These transitional,probabilities indicate the pr¡obability

that a person who is-in one state at the beginning of the defined period

will go to another state during that periodo If n •. is the number orpeople, ~J

who during a fundamental time period go from state i to state j, and ni is

the number of people in state i at thebeginning of that period, then the

transitional probability for that periód of time equals

[4] P .•
~J =

n•.
~J
n.

~

P ••• '
~J

This transitional probability'denotes the probability that a person

in state i at the beginning of the time period chosen will go to state j

during that periodo

P .. defines the movement of people within the system and reflects
~J

,the functional relationships among its 'state; in other words, it translates

the organizational structure of the system. P •. determines the utilization
~J

patterns of the different states in the, system in different time pe~iods

P.(t) and thus, the type and number ofjresources required.
~

It is worthnoting in this codtext that the Markovian assuIl)ption

implies that a patient's future utilization history depends only on his

present position; thatis, the transitional probability of going ~om state

i to state j is taken to be the same for all people in state i rega~dless

of how they happen to have arrived in state i. Hence, the number of people

considered should be large enough so that the average is minimally influenced

by extreme values. In formula [4] ari increase of the denominator w!ll

increase the precision and reliability'of P ..-
1J



- 7 -

P .. is considered as known in~his modelo Its value is cal~ulated
~]

as follows:

Let
q •. be the probability of golng from state i to state j during a
~] .

time intervalof one day~
q .. be the probability of remaining in state i during a time

~~

interval of one day,
a ..(T..) be the probabili tieso of going from state i to staté j
~J 1.J.

during the time interval T .•, l.e., the empirical estimates which are the
~J

input to the Markovian models,

then
[5]

[6]

q .. = a •.(cr:;) for i F j~J J.]J.] Tij'

q .. = 1 - 1: .q..J.J. .~. J.]J 1.

Let matrix Q be defined by

q12 qlI

q22 q2I
Q = (T .. = 1 day)

J.]

qI2; qrr

Matrix T i5 then given by,

[7] T = Q365

where
P12 P1I

P22 P2I
T = .... ...

PI2
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and P .. is the p~ebability ef geing from state iat the beginning te state
1.J

j at the end regardless of the intermediate states.

The transitional p~obabilities, P •., have be en estimated from1.J

empirical sources such as published data onreferrals, or data fromwhich

data on referrals could be estimated.lt would be possible, however, for

those populations were such data are available, to.relate P .. as the de-. 1.J

.pendGnt variable in a multiplle,,:regréssi,on.anaJ.ysis, ct!lnsidering aS.determb.

nant variab'les those variableswbichcondition utilization from the .stand-

póint.of the persons., of the. system, .'ánd of enabling factors.

CALCULATING RESOURCES REQUlREMENTS

The number of resources, manpower and facilities required. at each

health services state would depend on !he fractions of population in the

different health se~ices states andthe productivity of these resoúrces

defined by given parameters.

Knowing the health services state fractions P.(t), the manpower
1.'

(MD = physicians) and facilities (BEDS) requirements are calculated from

formula [8] and [9].

[8]

where,

P.(t).N(t)
1.------ x y. x 365

R. ( ) L. 1..-~D. t = 1.
1. e ""l..

P. (t)
1.

N(t)

is the required nurr£er of physicians for state i (as a
function of time t),;

is the fraction in 'state i at time t,

is the size of population base, at time t, and determined
by the rate of population growth,

__ ;__J
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L.
~

is the average length of stay in health services state i and

is'equal to the fractiori q ../{l - q ..), (q .., daily~~ ~~ ~~
probability of remaining in state i), and

is the number of visits per entry at state i.

¡

P.{t).N{t)
~ is the number of ehtries to stkte i per day:L.

~

It m;:!.yhelp to clarify thisformula if P. (t) .N{t) is considered to
~

be prevalence.Prevalence is the, equal to number of entries, i.e.; incidence,

per day multiplip.d by the average length of stay.

P.{t).N{t)~ ,. .Altogether the nurnerator L ...x y. x 365 ~s the number of
• 1.
~

visits required for state i per year. 8., the denominator, is the average
~

physician load factor or the number of'visits at state i per physician per

year.

Similarly, the requirements fer beds is calculated with formula

[9].

where,

[9] ~EDS. (t) =
1.

P.(t).N(t)
~

F.
1.

F. is the occupancy desired at state i.
1.

APPLICATIONS OF THE MODFL:

PREDICTION
rT'edi.~ticn2.8 1:he ordinary statistical problem of forecasting,

which at the simplest level involves extrapolation of past experiences into

the future. Mathematically, if P.(O)represents the fraction of the
1.
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population in state i at the present time (t=O), P.(-t) is the fraction in
1 _

state i, t years ago, and P.(t) is the fraction expected t years hence, then
J.

the prediction pt'oblem is to determine, P .(t) ,,j when t = O, 1, 2, ••• ~ given
1

sorne of the values for P.(-t), when t = O, 1, 2, ••• If only prediction
J.

is r~quired then mere extrapolation is,sufficient.

In the Markovian model if the:transitional probabilities for P ..J.J

are known, then the prediction problem is solved by knowing only P.(O).
J.

If t equals one year (t::l),for instance, the fraction of the

population in state i at the end of the year will be equal to the number of

people staying in '::hatstate during the year plus the new entries fXÍ'omthe

other states.

For
[10]

where i = 1, 1, denoting the total number of health service states ás 1,

i.e., the probability of being in state i at time 1 is equal to the prob-

ability of going from state 1 to state i during the time interval multiplied

by the probability of being in the first state at time O, plus the prob-

ability of going froro state 2 to stat8 i during the time interval multiplied

by the probability of peing in the sccond state at time O, etc.

In roatriK notation, expres<.Íon (la) is given by

where

[11]
.-,.+ _._ ...,,"
P ( l) = P <. o )T'

P(l~ = [PI(l), P2(l),. •.•• ,P1(l)]

P(O~ = [P1(O), P2(0), ••••• 'PI(O)]
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T = i

\
\

\

P21 P22

P1r \

\
\

P2I )
..... I

I
Prr I

Simi1ar1y

[12J

where

Thus, given P. (O) and P .., one may ca1cu1ate P. (t) using the
~ ~J ~

Markovian assumption.

In summary then, prediction invo1ves ca1culating the fractions of

popu1ation P.(t) expected to be in the various hea1th services states i at~

different future time periodst, and the resources ~D. (t) and ~EOS.(t) that
~ ' ~

wi11 be required in the states i in those time periods. The inputs of the

model in prediction are the known currentfractions P.(O) in state i and~

the transitiona1 probabilitY,matrix {fij} ref1ecting the dynamics of the
",

system. The outputs of the model are the estimated'future fractions of the

population at each state i, atdifferent time periods t. When thepro-

ductivity of current resources (given'by 'Vi' ei, Li, and Fi) is knówn the

estimated manpower and facility requirements in different time period can

be ca1culated.
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B. SIMULATION~,
Simulatibn' implies studying changes in the health services system

and the repercussions that these changes have upon present and future

utilization and resources. The inputs of the model in simulation are the

present fractions of populatibn P. (O) 'and a new set of transi tional prob-
1.

The multiplicationsimulated changes in thesystem.

by the new matrix {P~.} yields the outputs: the new_ 1.J

patterns of utilization pO(t), being determined by the changes. If the pro-
i .,

ductivity of the resources is known, the {P~(t)} can be translated into a
1.

new set of resources, ~D(i) and R~EDS(i). The variables which define the

ab.l". pÓ fl .1.1.t1.es .. reect1.ng
1.J ~

of the vector pO(t-l)

productivity of the system can be the same as in prediction or can he

different (y~ ,'e~, F~, and L~), indic~ting a simulated change in i~s

efficiency.

C. GOAL SEEKING
Goalseeking involves calculating the alternative referral pattern

{P~.} which will minimize such an objective function as "cost" or "change in
1.J

current resources" in such a manner as to reach in a given time period t,

specified utilization patterns, P.(t), or require a desired amount of
1.

resources, ~D. (t) or RBEDS• (t)
1. 1.

The input s of the Markovian model in goal seeking are: the present

fractions of population, P.(O), the desiredfuture steady state fraction in
1. ,,.

state i, P.(t),(or the desired number ofresources in that statei), and
1.

the chosen objective function (cost limitation, change limitation, etc.) that
1the chosen alternative {P ..} must meet. The problem is to choose theloJ
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alte1'native defined by a transitional .p1'obability matrix~ which will minimize

that objective function. Actually thé1'e will be an infinite number of

alte1'natives of dynamic change to ~each the desired goal~ but only one

alte1'native will minimize the chosep objective function. ror instance~ if

,the obj ecti ve function were "cost" ~_.tlÍenthe alte1'native chosen would be the

one which would minimize costs. Another objective function might be "limit

in change" and~ in that case~ the chosen alte1'native would be the one which

would 1'equire fewest additional resources for each state i at different

time pe1'iods. Thep1'oblem solved in goal'seeking is to minimize "change"

subject .,'to reach the desired goa1. This minimizing change is embodied

in the selectionof the objective function in a mathematical quadratic

programo The p1'oblem solved is:

[13] minimize
11
E E

i=l j=l
1 2

W•• (P •• -P •• )
~J ~J ~J

sUbject to P(a>~= P.( a> J {P:.}
1J

If W.. = ClO ~ no changeis allowed,
1J

The const1'aint P (<lO J = P( a>r {P: •}~ as sumes that the solution ~
~J

~efe1'ring patte1'n {P~.}~ has the desi~ed steady state of health services
_ 1J , .

1utilization. Theminimization involves finding that 1'eferral pattern {P ..}1J
,

which comes closest (in the sense ofweighted distance) to a given actual

referral pattern {P •.}.1J

The size of weight W .. represents the ease 01' costliness with which
1J

the given 1'efer~al pattern may be c~anged.
1and P. . P ..,reflecting an infinitecostliness in altering a current refe1'1'al
1J = 1J

rate P ... In the case all W .• = l~ the incremental cost of changing any
1J 1J

1'eferral patte1'n equals the incremental cost of chaning any othe1' one.

i
,~
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Figure IV represents graphically the three applications of the

Markovian modelo
INSERT FIGURE IV

PRACTICAL EXAMPLES
The present example illustra~es the applieations of the described

Markovian model intheplanningof pe~sonal health services at the levels

of primary medical care, consultant medical care, hospital care, núrsing

home care and domiciliary care for a hypothetieal region of two million
• _ o •

people with an annual populati~n increase rate of 1.2 percent. In aprevious

study this model wasapplied to the planning of personal health services for

patients with eardiovasculardiseases at different regional levels.14

INSERT TABLE 1

Table 1 shows the transitional probability matrix representing all

possible movements of people among the health services states in this

example. The transitional probabilities are given in different fundamental

time periods, due to the difficulty of obtaining data for the different

states for the same period of time.

INSERT 1'ABLE 2

Table 2 presents the empirical estimates of the initial fractions

of the total population in eaeh of the health services states.

The empirical estimates have'been adapted from different
15,16,17,18 h . . . d ...sources. T e data ~s merely ~llustrat~ve an no s~gn~f~cance

should be attaehed to the particular numbers used.

_____________ __..-- .1 _
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INSERT FIGURES V AND VI

The broken lines in Figures, V and VI show the predicted manpower

and facility requirements at different states calculated from the fractions

of the population in these states; it is the output of the prediction modelo

SIMULATION
As an example of simulatioIl,'suppose that a health services

administrator responsible for the health of the population in this region is

interested in discovering the impact that a new pOlicy of promoting more

comprehensive care in nursing homes w9uld have upon the whole systém. It

is estimated that this new policy will produce a change in the daily transi-

tional probability of going from hospital care to primary care services

from .051 to .049 and in the daily prbbability of going from hospital care
¡to nursing home care from .001 to .003. The health services administrator

may ask for an estimate of the repercussions this change will have on the

r~quirements for resources at the several health'services states at different

time periods.

The unbroken lines in Figure,s V and VI reflect the new manpower

and facility requirements as a result of the simulated situation.

In these tables it is seen that the new policy would require the

same nuínber of physicians for consUltant and domiciliary care, but a decrease

in the nuínber of physicians requiredfor primary careo By the second

year, for instanqe, the nuínber of primary care physicians needed would be

ten less than were initially needed.'
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On the facility side, the new policy would require the same number
,; ;1 "

" -'!; :1, J:; , :1

of hospital beds :every year and more;n,ursinghomes. By the second 'year,
: i¡ 11

15,995 more nursing home beds would b~ required.

,GOAL SEEKING
Goal seeking\ consists in cai6ulating the best alternative ¡iforthe

chosen constraintto reach a desired- goal. The health services adtÜnistrator

m,entioned could take as his ten year goal a reduction in hospital care

utilization by 28% while at the same time increasing nursing home utilization
} l

by 100%, domiciliarycareutilizationiby 2.l5¥Óandconsultant utiliz~tion by

12%. He mightalso plan to incI'ease the efficiency of the nursinghomes,
~ -, L!

by reducing average length of stay frem 474 to 430 days, and to incI'ease the

efficiency of the domiciliary service', by reducing ;the average length of stay

in this state from 50 days to

per person from 1.5 to 2.5.

30 an4by increasing the number of home visits
; :!

Furth~r,!ithe healthservices administbator
"

knows that he has to reach the desire:d goalwith minimum change in"current
,,'1

~
resources. Thequestion he might ask is how these resources shouldbe

that would minimize the nuIDbeI'of additional resources required.

utilized at different time periods te)'reach the desire objective, in a way
i

The output of the

at different time periods,

in current resources.

\>~;¡
IJ'

modelwouÚbe the optimumutilizationst:ra;~. \ '1
to reacn the specified goal with minimum change ~

~

The dotted line in Figures V and VI shows'the manpower aJa facility

requirements at different timep~ri6gs, in order to meet the goaldefined

above.



¡

r
I,

'~

f:.

OTHER APPLICATIONS

This ~arkovian rnodel can be~xpandéd to include two new states,
,! • 1:

death and birth, and different transitlonal probabilities matrice~per each.
! ,1

age group and thus,consider the diff~rent utilization rates of pé~~onal

'.

I! !¡ ..~health services by different age groups. With this expansion, thérnodel takes

into account: first, changes in size}and age structure of the population

1 :

and second, the different utilization,experiences ofthe differentage.... ';

'!19groups.
j'

,l'
,¡ SUMMARY CONCLUSION

~Plannimetrics in health services is in the incipient stagés.

Planning is still

presents a rnethod

J.

an intuitive rather:than a factual.process.
'¡

j ,j

directed towards re~ersing'!this situation.

This paper

The::described

model is used to predict résource requirernents., to calculate changes in

these requirernents in sirnulated situations abd to estimate the,best alter-
': - - -. " '! -. ; ;

, 'ii
." _ ij _, • _ .!i •native for reaching a, desired goal In,the presence of a defInedco~straInt.,

The method allows the maxirnumof flexibility to the planner to fa ce the
" j'

cbntinuously changing heal th servicés¡¡systern'.

;1'

. ~.
'2

J.

'.' :.1
I f

.•.. "._-_.-.._------- --~----------
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