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Supposethatandistinctstatesofhealthareenu－  

merated a畠（1，2，・・・，K），WhereK signifi領the  

absorbing state，mean）ng death・h each state  

s，there are available a set ofpossible（fiLite）  

medicaltreatments（inclⅦdingnosllrgicaltreat－  

ment），Called actions，andtheyareenumerated  

鮎（1，2，…，上5）．   

h the MDP setting，the transition probabiL  

ity鴫（f）isassociatedwithnotonlystatesht  
also action a．Itisimporta71t tOCOnSidertime－  

dependenttransitionprobabihtiestoincorporate  

thefactorofincreaBlngage，Sincethemortality  

Ofthehealthypopulationincreasesexponentiauy  

withage［4】・Notethatimplicitin鴫（t）isthat  

the process has no memory of prior actions as 

WeuaBPrlOrStateS．This‘Markovproperty’might  

becontroversialandshouldbeinv窃tigatedbefore  

applied・   

Thereward（orutility）isafunctionoftimet，  

StateSandaetionchosena：rt（s，a）・Itisassumed  

thatγ1（K，a）＝Oandrewardsarediscol皿tedto  

reprESentthefactthatlatereventshaNelessim－  

PaCt than earherones．Theobjectiveis to de－  

termineapolicysoastomaximizetheexpected  

tot．aldiscount．ed rewards：  

1．Introduction   

hl 

Ofdiscrete－timeMarkovmodelsfordetermlnlng  

medicalprognosisand，Sinceth占n，S11ChMarkov  

modelsbecomeamaJOrtOOlinmedicaldecision  

analysis．Markovmodels areparticularlytlSefu1  

WhenadecisioninvoIvesriskthatisongoIJlgOVer  

time，Whenthetimesatwhichimportantevents  

WinocctlrarelⅢCertain，andwhenthoseevents  

may happen repeatedly．A m叫Or deficiency of  

SimpleMarkovmodelsis，however，thattheycan－  

notleadtodecisionmakhgdirectly・   

Tb overcome this，Markov decision process  

（MDP）modelswinbeusefu1anditis theaim  
Ofthispresentation todescribethetlSeOfMDP  

modelsfor determlnlDg OPtimalmedicaltreat－  

mentNPrOCeSSeS．The modelis applied to arte－  

riosclerosis obliterans t．o demonst．rateits11SefuL  

nesswherethereareafewpossibletreatmentsin  

eachMarkovstateofhealth．  

2．The MDP Model  

The theDry OfMDP’sis wen established and  

hasbeenappliedtomedicalproウIems［2，3］・The  

MDP modelprovides an optimalmedicaltreat－  

mentateadlStateand ateachtimeepoch．The  

modela5StlmeS that anindividualpatientis  

WaySinoneofMarkovstatesofhealth，and an  

event．sofinterestaremodeuedastransitionsfrom  

onest．ate to another．   

Thegeneralproblemconsideredhereisthehif＞  

toryofachronicdiseaseandaInedicaltreatment  

forit，Whichcanbevieweda5aSequenCeOfpar－  

tic11lar st，ateS Of healt，h and aJ：t．ions of decision．  

m弧噌佃，輌Ⅳγ？叫（1）   
whereNistheteminaltimeepochandrN（s）  
is the terminalreward．Ⅵatis：nice t．o consider  

（1）isthatthereisavai1ableasimplebute伍cient  

algorithmtosoIveit，Cal1edthebackwardinduc－  

tionaborithm・Notethat（1）isnotquiteaccllrate  

beca11SetheabsorptiontimemayoccurafterN・  
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Ⅱowever，Sincethemortalityincrea5eSeXPOnen－  

tiauywithage，（1）shotlldbeagoodapproxima－  

tionifNisstl伍cientlylarge．  

3．3．Transition Probabilities   

ThetransitionprobabilitiestlSedinthis乱naly－  

sisareabst，raL：tedfromtheclinicalLt．erattuestlCh  

as（6，5】．ThecyclelengthchosenfortheMDP  

modelis one year．Ⅵねemploy the Gompertz  

function tohandlechang皿gmOrtahtyprobabiL  
ities【41：  

J（り＝1一銭p（一（m＋たert））   

Where mis a disease sp∝ific mortdity rate，  

and k and r are the coe伍cients depending on  

the race and sex． OtLr MDP modelis non－  

homogeneotlSOnly throtlghthismortahtypTOb－  

abihty．ThisisbecanlSeWe COuld notfind d？ta  

fortime－dependenttransitionprobabihti饉inthe  

hterattlrebut，ifany，itisasimplemattertoin－  

COrPOrateSuChfactorsintootLrMI）Pmodel．The  

detai1swinbeg）Veninthepresentation．   

3・4・CalculationofQALY，s   

FbraglVenPOlicyofaL：tionsatanthestates，We  

CaneValuateq11ahty－adjustedhfeyears（QAIX’s）  

bythestandardcohortsimulationmethod．The  

utiLtiescomspondingtohealthconditionsIJSed  

hotuanalysisareobtainedふom（7】．Nllmerical  

resultswillbereportedinthepresentation．   
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3．ADetai1edExample   

ArteriosckrosisObliterans（ASO）areadlrOnic  

diseaseand，aCCOrdingtotheDtuopeanConsen－  

SuSDocument，aPatientisclassifiedintoeither  

intermittetLt Claudication（IC）orcritical1egisr  

Chaemia（CLI），姐dtheconditionofthediseaBe  

getsworseinthi80rder．Iftheconditionbecomes  

m11Chworse，thepatiento11ghttotudergoanam－  

P11tation（AMP）．Thisdiseasecoexist岳withcere－  

bralarterialdiseas窃Or Cardiovasculardisease＄，  

WhichsometimescatlSedeath［5】．   

Physicalexerciseorpharmacologicaltreatment  

OfASOmaybeprimary・Concomitanttosurgical  
therapy are either revascularisation or percutaL，  

neotlSCatheterprocedllr窃，Accordingtoamedト  

Caldoctor（privatecommunication），however，r＆  

Peated attemptstounblockthegraftshot11dbe  

avoidedin eadh condition．An AMP should be  

tmdertakenifs11Chstlrgicaltherapieshavefailed．   

3．1．Markov States  

Thkingthecharacteristicsofthediseasemen－  

tionedabove，WedefinetheMarkovstates，Which  

Wiubeshowndllringthepresentation．   

3．2．Actions  

ThesecondsteptoconstrⅦCttheMDPmodel  
istoentlmerateallpossibleaL：tionsineachstate．  

Fbrexample，intheICstate，Stlrgicaltherapies  

arepossibleandweconsiderthTee紅tionsinthis  

anaレsis；PerCutaneOtlStranSluminalanglOPlasty  

（PTA），bypa5SStugery（BP），O一皿OSⅦrgicaltreat－  

ment（NT）・htheweustates，Ontheotherhand，  

the NT action other than phamacotherapyis  

Onlypossible・In thisway，WereCOgnlZePOSSi－  

bleactionsineverystateandthedetaikwiube  

Showninthepresentation．  
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