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ABSTRACT

Clinicaldecisionsupportsystemsaremeanttoimprovethequalityofdecision-makinginhealthcare.
Artificialintelligenceisthescienceofcreatingintelligentsystemsthatsolvecomplexproblemsatthe
leveloforbetterthanhumanexperts.Combiningartificialintelligencemethodsintoclinicaldecision
supportwillenabletheutilizationoflargequantitiesofdatatoproducerelevantdecision-making
information to practitioners. This article examines various artificial intelligence methodologies
andshowshowtheymaybeincorporatedintoclinicaldecision-makingsystems.Aframeworkfor
describingartificialintelligenceapplicationsinclinicaldecisionsupportsystemsispresented.
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INTRoDUCTIoN

Asfarbackastheearly1960’scomputertechnologyhasbeenappliedtohelpsolvehealthcareissues
(Saba,Johnson,&Simpson,1994).Startinginthe1970’s,intelligentcomputerapplicationstoimprove
healthcareproblemsolvinghadarrived(Schwartz,1970).WhileSchwartz(1970)incorrectlyimplied
thatcomputerswouldeventuallyreplacephysicians,manyoftheotherforecastsontheimpactof
computer technology in healthcare, such as improving data availability and improving decision
making,havebeenrealized.Nearlyfourdecadeslater,healthinformationtechnologyprofessionals
continuetoadvocateforfurtherdevelopmentofinformationsystemstechnologiesinhealthcareto
createanationwideinfrastructureforsharinghealthinformationtoimprovepatientoutcomesand
reducemedicalcosts(Chopra,2009).

Theadventofelectronichealthrecords(EHRs)andhealthinformationexchanges(HIEs)have
certainlyprovidedameansformorerapidandreliableaccesstopatientinformationtoimprovethe
qualityofcare(Topazetal.,2013).EHRsareutilizedworldwidetoimprovehealthdeliverysystems
(Wager,Lee,&Glaser,2013).

However,EHRsstill experience resistance touse fromphysiciansandstaff (McAlearneyet
al.,2015;Wangetal.,2015).DespiteimprovedinformationflowaffordedbyEHRsandHIEs,this
resistancehasresultedininformationoverloadandtheneedtofindbetterwaystoextractreliable
information(Huangetal.,2015).Forinstance,Pickeringetal.(2013)demonstratedthatphysicians
usearelativelysmallamountofinformationavailableinEHRswhendeterminingwhichpatients
toadmittoanICU,indicatingthatoftentoomuchinformationisavailablefordecisionmakingand
leadingtoinformationoverload.
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Althoughthereisstillalongwaytogobeforetheubiquitousacceptanceofhealthcareinformation
technologies(HIT),healthcareisbecominganevermoreinformationbasedandinformationdependent
science(Ikram,Ghani,&Abdullah,2015).Advancesininformationandcommunicationtechnologies
haveledtotheavailabilityandgenerationofvastamountsofdata(Esfandiarietal.,2014),especially
inclinicalmedicine(Bellazzi&Zupan,2008).

Clinicaldecisionsupportsystems,whicharedefinedas“computersystemsdesignedtoimpact
cliniciandecisionmakingatthepointintimethatthesedecisionsaremade(Berner&Lande,2007,
pg.3),”areprovidingmechanismsfordeliveringclinicalinformationinausableformattodecision
makers(Bellazzi&Zupan,2008).Improvingratesofacceptanceofclinicaldecisionsupportsystems
maybedueinparttotheconcernofphysiciansandothermedicalprovidersaboutthequantityof
informationneededtoprovidehighqualityhealthcareandtoavoidcostlyandlife-threateningerrors
(Musen,Shahar,&Shortliffe,2006).

Researchhasshownthatutilizingartificialintelligencealone(Miller&Brown,2018)orwith
EHRtechnologycanimproveclinicaldecisionsupport(El-Sappagh&El-Masri,2014).Thereisa
tremendousneedforincorporatingartificialintelligenceintoclinicaldecisionmakingtoimprove
clinicaloutcomes(Park&Han,2018).Artificial intelligence,whichisbasedontheprincipalof
makingmachinesintelligentsothattheycanperformatexperthumanlevelsorbetter,enablesthe
rapidassimilationoflargeamountsofhighlycomplexdataintomulti-criteriadecision-makingmodels
thatcanheuristicallydetermineoutcomestoclinicalandotherhealthcarerelatedproblems(Callahan
&Shah,2018).Appliedresearchinmedicineandhealthcareisalreadyshowinghowtouseartificial
intelligencetoimprovedecisionmakingfordetectinganddiagnosingdiseasesorotherhealthcare
issues,planningtreatment,allocatingcriticalhealthcareresources,andschedulingandmonitoringof
patients.PandeyandMishra(2009)documentforthefieldofmedicine:56knowledge-basedexpert
systems,33artificialneuralnetworkapplications,and41geneticalgorithmorfuzzylogic-based
systems.Otherliteraturereviewresearchofartificialneuralnetwork,geneticalgorithm,andfuzzy
setmethodsappliedinmedicinefoundover1000reportedapplicationsfrom1995through2007
(Yardimci,2009)andforintelligentagentssolvingvarioustreatmentandmonitoringproblems20
differentapplicationsarereported(Isern,Sánchez,&Moreno,2010).From1994through2014across
14specializationsofmedicineandhealthcaremanagement,Ghaherietal.(2015)reportedon72
differenthealthcareinformationsystemsapplicationsofgeneticalgorithmsorgeneticalgorithmsused
incombinationwithartificialneuralnetworks.Asanindicatorofthegrowthofartificialintelligence
researchandpracticeinmedicine,asearchconductedonEBSCOusingthesearchtermsartificial
intelligence,artificialneuralnetwork,expertsystem,knowledgebasedsystem,machinelearning,
geneticalgorithm,andfuzzysetcombinedwiththesearchtermsmedical,medicine,doctor,physician,
hospital,andhealthcareandlimitedtoacademicjournalpublicationinEnglishfromJanuary2010
toDecember2017yielded138,688resultsandanidenticalsearchontitlesandabstractsinPubMed
produced7,670articles.

Clearlyartificialintelligence-basedapplicationsresearchinmedicaldomainsisprevalentand
continuingtogrow.However,knowledgemodelsinmanyclinicalandmedicaldomainsarelacking
andnewknowledgemodelsarestillneeded(Bohada,2012).Diagnostic,treatment,andprognosis
problemsinthefieldofhealthcarearequitecomplex(Nealon&Moreno,2003)andconsequently
lendthemselvestoartificialintelligencesolutions.

HISToRICAL PeRSPeCTIVe

Interestinapplyingartificialintelligencetomedicaldomainproblemshasexistedforatleast30years.
Theearlydaysofartificialintelligenceinmedicineprimarilysawknowledge-basedorexpertsystems
applied tosimulatephysicianexpertise indiagnosisand treatmentofvariousmedicalconditions
andautomatethereasoningprocessrequiredinmakingcomplexmedicaldecisions.Thesesystems
usedSocratic-likereasoningmethodstoprovideoraclelikeresults(Miller&Masarie,1990).One
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