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A MATHEMATICAL MODEL FOR A DECISION PROBLEM IN
MEDICINE

Luciana NEAMTIU

Abstract. The paper presents s methematical model snd a solution for a medical
decigion problem about prioritising interventicns for & number of individual surgicnl pa-
tients.

The necessary armount of money for all peeded intervention excesd the allotad budger.
Lhe problem is how to choose the putients for surgory. The list of demands contains for
sach patient: the healts state, the life expectency, the cost of surgary, the job, the family
condition and if the patient is guilty for the dizeass.
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L. Introduction

An important problemn in health economics is to decide how to spend « Hmited bud-
gel. Usualy pharmacneronomics wses costeffoctiveness analysis, coet benefit analveis, coss
minimization analysis or cost-utility analysis.

Az an example we have a budget of 7000 moau (monetary units] and the following
CASEE:

Case 11 Mr.Harper, a 68 venr ald retived tool-maler with twe grown up children, has prastale
cencer and lis consultant has suggested surgery Mr, Harpar will live for 10 ¥y
I a health state of 0,9, With surgery, Mr. Harper will live for 13 veara, but due
t0 problems of incontinence and iImpotence sssociated with surgery, his lwwlth atace
will be rated as 0.6, Cost of surgery: 3,200 m.n.

Casse 2 Mrs. Patel, aged 38, cares for Tier 2 year ald grapd-daughter works and alan Jooks
after her hushand and two grown-up sons who live with her, She will five: for 20
achiliticnal years whether or not she receives o hip replaceinent, The hip replacement,
will, hewever, limprove her qualivy of life by & factor of 0.2 for those 20 vears. Ciost
of surgery: 410 maL

Caser 3 Mra, Hargreaves, aged 9, a non-smaking widow with 1o children, wrill die withon:
cardiac surgery, With surgery, she will live an additional ten yoeara in & hiealeh state
ratenl w5 .7 of perfect health. Coest of aurgery: 6,900 mou,
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Crse 4

Marta, & 25 year old secretary, has a cattoo on her neclk with 8 Hower azying. "Thian®
b Ul mmiclcdle, This i the name of an abusid boyfriend whom Marta has escaped by
moving town, She save the tallon s pevehologically damaging and has affected her
emplovment opportunilies and she roces her health slatbe as 0.5 She gays her healll
state would improve o [ull health if the tatton were removed, Marce is expectid o
Lve until age 70, Cost of surgery: 3.100 m.u.

Case G Javinder, 0 7 vear ald with cvslic Abrosis, is expecied Lo live for nnother & months

lnze i

Cage T

without a heart and lung Lransplant ins health state rated v 0.3 of perfect Tealih,
With a transplant, he can expect to live for 10 yenrs in s health atace rabed as 0,7,
Cost of aurgery: 7000 ma

Palricl, u 33 year old anestletist, hod a vassctomy 8 years ago during his first
marnage and has oo children, e bas now venarried snd e and his wile, aged 37,
are extremely keen to heve children. He wanes a vasectomy reversal cperation, Hia
health stute, currently rated as perfec, is unlikely to be affectod by whether or oot
L hay che operation altheugh his doctor considers that his wite may be st risk of
depresgion if she is unable to have chiklien.  Patrick’s life expectancy is 75 yeara.
Coat of aurgery: 900 moa.

Mr. Moss, & divarced manual worker aged 48 whe hns smoked A0 :"ih?lr!-\:l:t_,;u& a ey
for the last 28 wears but hes now atopped, hos one teenaged chilid at home ' and
ancther whom he i= supporting in her college studies, He hos already had one
severe myocardial infarction sl neods a covonary artery bypass graft (CABG). He
15 likely to die withaoiil surgery will live for 10 vears with a health stave rsted ge (5
of parfect health. Cost of surgery: 5300 w.u, We have to decide which of these
interventions to fund. First we consiler o cost-utility approach,

I we cadeuluse the (JALYS gained (QALY: gained = QALY : with aurgery - QALYE

with

et surgery, where (QALYs — heslch state x live yeursl, we obtain
Kame ol case Linnk | ".j.-‘-";fl';!l"ﬂ Cost of | (Al per ALY
g | Eained | intervention gained

Mr Harper ™ | 7 1,2 3200 wan. | 2666 wm. [ QALY
Parrick 3] 1 W0 um | = B}
Marta I3 15.8 11| 3100 u'in. 106
M Mo 2 BT sa00 wm. BE2
blrs'Hargreaves |3 77 GO0 @m. L
Jivinder T [F .83 00 023

| Mrs Patel 5 g 100 1025 '

A vost-utificy analvaiz seeks tomecdmise (he overal] qumber of QALY =ained and

minimize the eoat per QALY geined. Thia table would definilelv counsel against Mr
Harper (proatate eancer), as he would not only result iy o luss of CRATY S bt would
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cust money into bargain. The table would alse suggest no benefit in treating Fatricl
(vasdctommy || since no QALYS mn be gained but agen costs swonild be incarred.  The best
value would appear to he offered by Marta{tattoo removal), who would gein 15.8 QALYs
AL A very ]'EE.EIJT."':'I-'IJI.U -_:||_ﬂ;|I while Xrs E".gl.fl;'] I;I‘Ii|| I.‘P'l_.'r].&l:E]:l:l.El'lt-_l 'I'«"I.!'IJ]IIE AL Lo D'EEBI 't]]l.!
highest coat par QALY gained.

This analyaia does not talo ko account issues such-as the nole of peticots in supporting
athers, the vontribution that indisiduals may have made e Ueeir problems by cheir own
lifestyle (e, hy samoking or agreeing 1o have & tattoo), We are not satistied for the cost-
wtility solution - paving Lhe surgery for the talloned person. She was ot abliged to ke
heer 11 tattoo and in other distribution of the founds ‘A life could be saved. We proposs
to meperalise the problem, to allach & mathematice] model to sobve snd b analyee the
solution for the particular case prosente] ahoe.

% Mathematical moddel

We have o sum 3 of money which can be apent for a number of surgery. We also
have n» demands for surgary for patients Py, Py, ..., By The prehlem i hew to choose the
patient. to be operated. For each patient Iy wee know:

e are b

o ol of che aurgery o,

& the modification of the quaelity of life after the surgery oy,
» il the surgary is vital oy = 1, or mot w =0,

s if the patient supports persons who has not ineoms other then the patient's salary
or pension and there number,

w il the patient looks afler athers membors of the family and there number,
# if the patient P i3 guilty for the disease,
e if the surgery menlifves other person qualily of lite.

Knewing all these dati we'll give a mathematical model for the problem introducing
& varinbles snene Lype as quality of life:

a social cosficiend =,
o puilty eoefficient g, wnl

s responsibility Tor other persons coefficient v
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The guilty ¢ and the responsibility r are mensured on 8 seils fror (to 1, For tie social
contficient we have olher 2 "subjective" varinhles {sipporting grade 2, and albendams:
krade d, which are also measred frorn O ko 140

0if the patient has no dne to ok afier,

L0 2f the petient has no other ineome and san't ta fend for oneszdf},;

If the patient Elipporta o persens with responsibilit grade &y, g, and looks
after vy parsnns with responsibilicy grade oo, iy, theg

L] .,
& = E i F E ik,
k=1 k=1

Let us introduce the variables «,, ; ¢ 1w}, which con benly 0 o 1
® #.=1 means that the pacient £, is chosen for SUCEETY ;
® &= 0 mwenns that the pacient P iz not chosen for aurgery.

Lzt che Munctions:

mn

H:{0 1" =R, filz) == un:.. for each - = {1, -En) € {0,1]",
ae=
nl
_fg : ':lil.l}“' — R| _f-;{n:} == LS;I& for wach »'= |:;.!'_|,...|:J'.":| = 'Iﬂ__I:"-J:
=1

Fad0, 3= h R, falz) = ZL‘E.‘.'.'.,-_ torench s = (@il pa) e {yd}m,
$m1

ted
LA = R, fal=) = 3 "riry, for each = {21, ..., 25) € {0, 1}",
I ]

fi {0 11 = R, falx) = Zm for each = = (&), ...2. ) e {0l 1)

i=1
it

Fe {01} — R, ez = Zgr;:.-:,_ for snch & = (21,0 20} € {1
{1
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Thes, the problem comes back to ehes Tellowdng toullicriteria programrming problem

'S-':"__l gyl T 1TMAX

S s — mux

et D

T mZ — Max

=
T gl ek

L=l

o2 o
rJ"""I Y T InAN
L 5
y . @iy — min

anth conditions

n ”
il E

ey = 5,

w, £ 41,0], for eachi {1,...n}k

Using 1w pounds method pod having the pounds Ap, Az, As, Ae Ass As with Ay = U,
for i'e {1, 0.6} and 59 a1 any solution of the proldem

\ glr) — mex
ey { e X
where g {0,11* — R, s given by
plel = E A fle) — hgfelx), for all =€ 0,1},
i=1
sl i
Xisdut = {myin )8 [ 137 Z_Gﬁl'-g < 5},
ot ¥

can be considered as a solution of the multicriceria problem.

3. Exampla :
We reconaidar the initial exsmpls and w1l aobve the problem wsing our method.
W hawa:

e =320 1 =0 =-L2. =077~ 0, 8 =10

g =AM, v =0 p=4 u=Uhre=0,8=3
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0y = G0,y = 1: 3 = T.| 25 I:ll T =, 5y =l

g = 4 00 vy = |:.-|: gy = L, F' B 1,7y =11, 54 =1L

o= T.000, vy = 1, g5 = 6,85, g5 =Thrs = 0, &y =10,

g = 400, v =1, g =11 gg 1, =020, &g =

ey =530, 1w=1lg=8gm=117 {0, 57 = 14,

Thloing,
1
A=A 7 A=A .EA:'=!'1£'=§:

function g i& given by
1
glry., 2. I 5I: (¥, 43y 4 13wy + LExy +32. 8xy + 17, Tzs + 1, 2eg + 40rr ).
The optime] solution of problem (0} is
x = (0,0,0,0,0,1,1).

Hence Mr Moas and Patrick are chosen for surgery.
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