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ABSTRACT

Theemergencydepartment(ED)playscrucialroleinproviding24-hourhealthcareservicestothe
illwithspeed,accuracy,andsympathy.EDfacestheproblemofpatientwaitingtime,whichleads
topatientdissatisfactionandpatientcrowding.Thispaperpresentsasystematicliteraturereviewof
simulationofEDinhealthcaresystemsfrom1970to2013.Theobjectivesofthisreviewaretohighlight
theimportanceandroleofsimulationstudiestosolvetheproblemofpatientwaitingtimefacedby
theED.Italsodiscusseshowsimulationcanbebetterappliedasatooltosolvetheseproblems.The
authorsfoundthatthesesimulationstudiesfocusimportantinsightsintoEDproblems,buttheyalso
hadsomelimitationsthatshouldbeaddressed.
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1. INTRoDUCTIoN

Theemergencydepartment(ED)isacoreclinicalunitofahospital.Patientsatisfactionandtheimage
ofthehospitalaresignificantlyinfluencedbytheexperienceofpatientsattendingtheemergency
department.Ifthepatientswithseriousillhealtharenottreatedurgently,itcanresultindamage,
permanentdeformityandultimatelythedeath.ThepatientsenteringanEDcanbesavedonlyif
theyarriveattherighttime,attherightplace,receivestherighttreatmentandrightresources.The
aspectofspeed,accuracyandsympathyareimportantintheemergencydepartment(HSHRC,n.d.).
EDfacesseriousproblemofpatientwaitingtimeatvariousstageswhichultimatelyhampersthe
qualityofhealthcareandleadstopatientdissatisfaction.TosolvethisproblemofED,simulation
playsimportantrolefromlastfortyyears.Simulationmodelinghelpsnotonlytounderstandthe
presentsystembutalsotoimplementcorrectivemeasuresandtheirresultscanbecomparedwithout
disturbingthesystem.Simulationmodelinghasbeenusedinvariouscountriestoimprovethequality
ofhealthcarespecificallyintheED.Thesesimulationstudiesarevigorouslystudiedinthispaper.
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OpenAccessJanuary1,2021),andwillbedistributedunderthetermsoftheCreativeCommonsAttributionLicense(http://creativecom-
mons.org/licenses/by/4.0/)whichpermitsunrestricteduse,distribution,andproductioninanymedium,providedtheauthoroftheoriginal

workandoriginalpublicationsourceareproperlycredited.
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2. METHoDoLoGy

Literaturereviewiscarriedoutfrom1970to2013.ItisimplementedasperplanshownintheFigure
1.Weusedatwo-phaseapproachtoidentifysimulationrelevanttoproblemofwaitingtimeinED.
Inthefirstphase,wesearchedandanalyzedthedatabasesofPubMed,Proquest,ACM,IEEE,and
simulationConferences.Thesedatabasesarethesourcesofliteratureincomputerscience,operations
management,healthcare,andengineeringfields.Weappliedthesearchphraseslike‘simulationin
emergencydepartment’,etc.Classificationofresearchpapersarecarriedoutonthebasisofdifferent
EDSimulationforproblemsolvingpurpose.Inthesecondphase,weexaminedthereferencesof
these66researchpapers.Afterthisphase,wehadatotalof52simulationstudies.Mostofthese
studieswereconductedafter1990.Analysisofthesepapersarecarriedonbasisofpatientwaiting
inED,simulationmodeling,objectives,Modelingtechniques,datasources,collectionmethodsand
studyfindings.DifferentresearchpaperswhicharestudiedareshowninFigure2withreferenceto
fiveyearspanandrespectivenumberofreferencedpapersinthatspan.Thenumberofpaperwas
obtainedupto2during1970to1980.Itwasreducedduringspanof1981-1985.Itwasraisedto3
inspanof1986-1990.After1991,numberwasincreaseddrasticallywhichwasshowninFigure2.

3. ANALySIS oF SIMULATIoN STUDIES

Authorsanalyzed the simulation studieswith respect to: (1)Patientwaiting inED (2)Simulation
modeling(3)Objectives(4)Modelingtechniques(5)Datasourcesandcollectionmethods(6)Study
findings

3.1 Patient Waiting in ED
ExcessivepatientwaitingtimeinEDistheexistingprobleminworldwide.Itreducesandhampers
qualityofhealthcareandincreasesadverseeffectsonpatientswithseriousillness(Diercksetal.,

Figure 1. Plan for literature review of simulation studies
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2007;Liew&Kennedy,2003;Pinesetal.,2006;Sprivulisetal.,2006). Itbadlyaffectspatient
satisfaction (Spaite et al., 2002; Taylor & Benger, 2004) and increases the number of patients
wholeavebeforebeingseenbythedoctorsalso(Fernandesetal.,1997;Goldmanetal.,2005).In
manyEDsmajorportionofthepatientwaitingtimewasduetothewaitingtimesatvariousstages,
particularlywaitingtimespentbeforebeingseenbyadoctor,consultationtime,patientwaitingtime
forresultsoflaboratory,averagewaitingtimeatthepharmacyandwaitinginEDafteradmissionare
alsocontributorsofpatient’swaitingtime.

IntheED,everysecondisveryimportantforpatients.Thesetimesmaybedeterminantofthe
intervalbetweendeathandseriousdisabilityorlife(Smeltzer&HandCurtis,1987).Patientwaiting
timeintheEDisoneoftheimportantfactorsinhealthcaremanagementandalsodeterminatefactors
ofpatientsatisfaction,aswellasindicatorsforevaluatingqualityofhealthcareservicesinED(Eldabi
&Paul,2001).Onefindingshowedmainreasonsofpatientdissatisfactionwas67%ofpatientwaiting
timeand19%ofabsenceofeffectiverelationshipinbetweenpatientsandmedicalcarestaff(Choyce
&Maitra,1996).Fromrecentyears,patientwaitingtimeintheemergencydepartmentinEnglandwas
increasedto4hoursandinCanadaupto2hours(AuditCommission,2001).Somestudiesinhealth
caresectorinIranshowedthattheaveragepatientwaitingtimeintheEDismuchhigherandthis
issuecausesmanyproblemsinhealthcareserviceprocessesattheseEDs(Aeenparast,2006).Long
waitingtimeofhealthcareservicesillustratesweakmanagement,nocoordinationandinadequateof
resources(Young&Eldabi,2006).ManystudiesfromrecentyearsinCanadashowthatthenumber
ofpatientsthatvisittheEDincreasedto14millionperyearandinBritaintobeyond15millionina
year(CanadianInstituteforHealthInformation,2005;Lane&Monefeld,2000).

PatientwaitingtimeinEDisseriousandrisingproblemdestroyingthe‘safetynet’ofthehealth
caresystem.Simulationtoolsprovideanimportantmethodtoinvestigateandanalyzepatientwaiting
timeinEDandfindthesolutionstotheseproblems.ThroughsystematicreviewofEDsimulation
literature from 1970 to 2013 focusing on patient waiting time, authors have identified a variety

Figure 2. Year with number of studies
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offeaturesthatthesestudieshaveincommon.Graph1representstheyear(5yearspan)andthe
correspondingnumberofstudies.

3.2 Role of Simulation Modeling
Simulation,animportantsystemsanalysistool,givesgreatflexibilityintestingscenarios,hypotheses,
andspecificallyre-engineeringideasinhealthcaresystem.Itcanbeappliedasresearchtool,decision
makingtoolandforthepurposeofplanningmodel(Matkoetal.,1992).AsperPritsker,(1986)
simulationcanbedefinedasthedevelopmentofamathematical/logicalmodelofasystemandthe
experimentalmanipulationofthemodelonacomputer.

Fromsomeyears,researchershavesuccessfullyappliedsimulationmethodologytoconstruct
modelsof complex systemsandwhichwascarried in real-time (Tavakoli et al., 2008). In these
instances, the gain in system performance as a result of the application of simulation has been
identified.AsEDisacomplexsystem,purelymathematicalmodelssuchas linearornon-linear
programmingandothermethodscannotbeusedforsolvingproblemsofED.Thepreferablemethod
isdiscreteeventsimulation.Itcanbeusedinsolvinghealthcareresourceallocationproblemsbecause
itcandealwithadynamichealthcaresystemandwithcomplicatedinteractionsinbetweenvarious
componentsandprocesses(Weng&Tsai,2011)

3.3 objectives
FewstudiesstatedthattheirobjectivesweretoreducethepatientwaitingtimeinED(Aboukanda&
Latif,2013;Blakeetal.,1996;Blasak&Starks,2003;BrailsfordSally,2007;Bryant,2011a;Cabrera
&Luque,2011;Elbeyli&Krishnan,2000;Evans,1996;Gonzalezetal.,1997;Kırışaetal.,2010;
Laneetal.,2000;McGuire,1994;Mohamedetal.,2009;Pabloetal.,2008;Reidetal.,2005;Reyeset
al.,2012;Shim&Kumar,2010;Tanetal.,2002)ortoreducethepatientlengthofstayinED(Gul&
Guneri,2012;Khareetal.,2009;Mason,Hill,Mönch,&Rose,2008)ortoimprovequalityofhealth
care(Zengetal.,2011).Somestudiesexaminedpatientflows(Takakuwa&Shiozaki,2004)and
bottlenecksinflows(Reidetal.,2005),causesofexcessivewaittimes(Komashie&Mousavi,2005;
Takakuwa&Shiozaki,2004),andpatientthroughput(Cabrera&Luque,2011;Samahaetal.,2003).
Afewstudiesalsodescribedtheeffectsofintroducingfastcareplanforlowacuitypatients(Garcia
&Centeno,1995),Longpatientwaittimesforlowacuitypatients(Blakeetal.,1996;Kırışaetal.,
2010),HighLengthofpatientstayinED(Aboukanda&Latif,2013;Gul&Guneri,2012;Khareet
al.,2009;Komashie&Mousavi,2005;Mason,Hill,Mönch,&Rose,2008;Mason,Hill,Mönch,Rose
etal,2008;Samahaetal.,2003),LackofEDcapacity(Gonzalezetal.,1997;Gorelicketal.,2005),
Highwithdrawalratesofpatients(Gonzalezetal.,1997),Numberofambulancediversionmeans
ambulancecarryingcriticalpatientaredivertedtoanotherhospitalfromEDduetounavailability
ofbedorotherfacilities(Samahaetal.,2003)andIncreasedpatientdissatisfaction(Cote,2000).
Severalstudiesexaminedalternativestaffschedules(Cbarnesetal.,1996;Clark&Waring,1987;
Kırışaetal.,2010;Tanetal.,2002).Fewstudiesassessedtheeffectofdifferentstaffscheduleson
waittimes(Coats&Michalis,2001;Rossettietal.,1999).Asbedsareveryimportantresourceinthe
ED,studiesexaminedcriticalbedrequirements(Lowery,1992;Lowery,1993)andtheimpactofbed
availabilityonwaittimesofadmittedpatients(Elbeyli&Krishnan,2000;Laneetal.,2000),decision
makingaid(Kırışaetal.,2010),toinvestigatepotentialimpactsonperformanceofEDbychanging
theaspects(resources)ofED(Melissa&Erhan,2008).Theseobjectivesofsimulationstudiesare
givenintheTable1undertheheadingsofQualityofHealthcareservices.

3.4 Modeling Techniques
Forthepurposeofbuildingemergencydepartmentmodel,thereareanumberofsimulationmethods.
Therearethreesimulationmethodswhichareevaluatedasdiscreteeventsimulation(DES),system
dynamics(SD),andAgent-basedsimulation(ABS)formodelingafictionalhospitalsystem.
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Somestudiesappliedvarioustypeofmodelingtechniqueincludingdiscrete-event(Blakeetal.,
1996;Coats&Michalis,2001;Komashie&Mousavi,2005;Takakuwa&Shiozaki,2004;Tanetal.,
2002),systemsdynamics(Laneetal.,2000),conceptual(Cabrera&Luque,2011)andmathematical
modeling(Connelly&Bair,2004).Asimulationmodelmaybedeterministic(ifmodeldoesnot
containanyrandomvariables)orstochastic(ifmodelcontainsomeormorerandomvariables)(Kırışa
etal.,2010).Stochasticprocessesaregovernedbyprobabilisticlaws.Theyareappliedtoanalyze
differentaspectsofhealthcaresystemsfrom1950s(Cote,2000).ItisfoundthatmostoftentheED
wassimulatedasastochasticsystembecause thepatient inter-arrival timesandservice timesof
patientsareconsideredrandomvariables.

TheEDwasmanytimes,alsomodeledasadiscretesystem.Discreteeventsimulationhasbeen
usedextensivelyinexaminingpatientflowsandallocationofresourcesinhealthcareclinicsand
wasthemostpopularsimulationtechniqueinthestudieswhichwerereviewed.Queuingmodelsare
consideredasdiscrete-eventmodelswhichareusedtorepresentcustomersqueuingtogainaccess
tolimitedresourcesandhavebeenusedtosimulateunscheduledpatientarrivalsinEDs,operating
rooms,intensivecareunits,bloodclinics,andX-raydepartments.Somediscrete-eventmodels(Coats
& Michalis, 2001; Lowery, 1993) were written in SLAM (Simulation Language for Alternative
Modeling).PegdenandPritsker(2010)developedaprocess-orientedsimulationlanguage.Patients
flowinEDcanbepictoriallyrepresentedbySLAMasanetworkconsistingofdifferentnodesand
branches.Otherdiscrete-eventmodelingtoolsincludeArena(Aboukanda&Latif,2013;Blasak&
Starks,2003;Connelly&Bair,2004;Kırışaetal.,2010;Komashie&Mousavi,2005;Lowery,1993;
Mason,Hill,Mönch,Roseetal,2008;Samahaetal.,2003;Takakuwa&Shiozaki,2004),Extend
(Connelly&Bair,2004;Cote,2000;Kolker,2008),SIMAN(Blakeetal.,1996),andSIMUL-8
(Cabrera&Luque,2011;Coats&Michalis,2001),ProcessModel,Inc,Utah,version5.2.0(Kolker,

Table 1. Objectives of simulation studies

Serial 
Number

Measures of Quality of Health care services Reference number of papers

1 PatientwaitingtimeinED (Aboukanda&Latif,2013;Aeenparast,
2006;AuditCommission,2001;Blake
etal.,1996;Blasak&Starks,2003;
BrailsfordSally,2007;Bryant,2011a;
Cabrera&Luque,2011;Choyce&
Maitra,1996;Elbeyli&Krishnan,
2000;Evans,1996;Gonzalezetal.,
1997;Kırışaetal.,2010;Laneetal.,
2000;McGuire,1994;Mohamedet
al.,2009;Pabloetal.,2008;Reidet
al.,2005;Reyesetal.,2012;Shim&
Kumar,2010;Tanetal.,2002;Young
&Eldabi,2006)

2 Longpatientwaittimesforlowacuitypatients (Blakeetal.,1996;Kırışaetal.,2010;
Young&Eldabi,2006)

3 HigherLengthofpatientstayinED (Gul&Guneri,2012;Khareetal.,
2009;Komashie&Mousavi,2005;
Mason,Hill,Mönch,&Rose,2008;
Mason,Hill,Mönch,Roseetal,2008;
Samahaetal.,2003)

4 LackofEDcapacity (Gonzalezetal.,1997;Gorelicketal.,
2005)

5 Qualityofservice (Aboukanda&Latif,2013;Zenget
al.,2011)
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2008).AnothermodelingtechniqueusedwassystemsdynamicsandAgentbasedmodelingsystem
(ABMS)(Cabrera&Luque,2011).Thesystemsdynamicstooli-Thinkwasusedforsuchmodels
(Laneetal.,2000).Whilediscrete-eventsimulationscanbeusedtocreatedetailedmodelsofsub
systemswithinhealthcare,systemsdynamicsenablesasystemicviewoftheinteractionsofpatient
flowsandinformation.Finally,conceptualmodelingwasusedinsomestudiestocreateprocessmaps
anddocumentation.

3.5 Data Sources and Collection Methods
Thesimulationstudiesutilizedvarioustypesofdatasourceasinputstotheirmodels.Typesofdata
andrespectivedatasourcesaregiveninTable2and3respectively.Thedatacollectiontechniques
includedinterviewswithhealthcarepersonnelandmanagement,observations,historicaldatafrom
EDdatabases,patientcharts,timeandmotionstudies.Hospitaldatabases,patientcharts,information
systems,andmedicalrecordsallplayanimportantroleinobtainingdataonarrivalpatterns,time
spentondifferent activitiesbycareproviders, and inter-arrival timesand lengthofpatient stay,
patient inter-arrival timesandhealthcareservice times(Elbeyli&Krishnan,2000;Kırışaetal.,
2010;Samahaetal.,2003),volumeandmixofpatients(Elbeyli&Krishnan,2000),anddurationof
treatment(Lowery,1993)wereusedtodeterminemodelinputsandoutputs.RPF(RevisedProcess
Form) MSO (Medical Staff Opinion) E (Electronically) (Gul & Guneri, 2012), ERt (Electronic
records)logsandpatientrecordsgroupdiscussionswithsomeofthenursingstaff(Cbarnesetal.,
1996),reviewingthehospitalrecord,questionnaire,Interviews(Aboukanda&Latif,2013).

3.6 Study Findings
Resultsobtainedfromdifferenttypesofsimulationmodelingcanbebroadlycategorizedasresource-
related,process-relatedandaregivenintheTable4.ResourcesintheEDwerehealthcarepersonnel
includingnursingstaffanddoctors,equipment,andspaceresources.Resource-relatedfocusedon
changingnumberofresources,allocation,andreallocationofresources.Process-relatedfocusedon
changingorimprovingprocessesintheED,includinghowprocesseswereperformed,aswellas
whencertainprocessesweredone.

3.6.1. Resource-Related
Byapplyingoptimumstafflevel(Gul&Guneri,2012),averagepatientlengthofstaywasimprovedby
30%andalsopatientthroughputwasimprovedby12.5%.Similarlythesimulationtoolproveduseful
asadecision-makingaid,allowingtheusertoidentifytheoptimaldeploymentofhumanresources

Table 2. Types of data

Serial Number Types of data Reference number of papers

1 Patientinter-arrivaltimes, (Shim&Kumar,2010;Tavakolietal.,
2008;Weng&Tsai,2011)

2 Healthcareservicetimes (Aboukanda&Latif,2013;Blakeetal.,
1996;Cabrera&Luque,2011;Gonzalez
etal.,1997;Kırışaetal.,2010;Laneetal.,
2000;McGuire,1994;Tanetal.,2002)

3 Lengthofpatientstay (Aboukanda&Latif,2013;Gul&Guneri,
2012;Khareetal.,2009;Kolker,2008;
Komashie&Mousavi,2005;Mason,Hill,
Mönch,&Rose,2008;Mason,Hill,Mönch,
Roseetal,2008;Samahaetal.,2003)

4 Volumeandmixofpatients (Tavakolietal.,2008)
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forattendingaspecificnumberofpatients(Taboadaetal.,2012).Patienthavinghigherprioritydue
toseveritywereinitiallydeterminedandthentheirwaitingtimeswerereduced(Kırışaetal.,2010).
Investigationofhighlydesirablepersonnelschedulesfortheemergencydepartmentreducedaverage
length-of-stayofpatientsintheemergencydepartment(Cbarnesetal.,1996).Simulationhelped
inreductioninlengthofpatientstayinED,improvementsinpatientsatisfaction,andcostsavings
(Aboukanda&Latif,2013).Ithelpedtoreduceimagingbottlenecksandaveragetreatmenttimesfor
high-acuitypatients(Connelly&Bair,2004).

Simulationmodelisusedtoinvestigatepotentialimpactsbychangingthefollowingaspectsof
ED(physicallayouts;numberofbeds;numberandrateofpatientarrivals;acuityofillnessorinjury
ofpatients;accesstoradiologyandpathologyservices;hospitalstaffingarrangements;andaccessto
inpatientbeds)(Melissa&Erhan,2008).Ithelpedinimprovementinleftwithoutbeingseen(LWBS),
lengthofstay,doortoroom,doortodoctor,emergencyseverityindex4lengthofpatientstayinED,
emergencyseverityindex5lengthofpatientstayinED(Mason,Hill,Mönch,Roseetal,2008),
reductioninpatientwaitingtime(WT)andlengthofstay(Aboukanda&Latif,2013;Kolker,2008).

Table 3. Data collection sources

Serial Number Data collection sources Reference number of papers

1 Hospitaldatabases (Elbeyli&Krishnan,2000;Kırışaetal.,2010;
Samahaetal.,2003)

2 Informationsystems (Aboukanda&Latif,2013;Gul&Guneri,
2012;Komashie&Mousavi,2005;Mason,Hill,
Mönch,Roseetal,2008;Samahaetal.,2003)

3 Patientcharts (Kırışaetal.,2010)

4 Medicalrecords (Gul&Guneri,2012;Komashie&Mousavi,
2005;Mason,Hill,Mönch,Roseetal,2008;
Samahaetal.,2003)

5 Timeandmotionstudies (BrailsfordSally,2007;Bryant,2011a;Elbeyli
&Krishnan,2000;Kırışaetal.,2010;Mohamed
etal.,2009;Pabloetal.,2008;Reidetal.,2005;
Reyesetal.,2012;Samahaetal.,2003;Shim&
Kumar,2010)

6 RPF(RevisedProcessForm) (Gul&Guneri2012)

7 MSO(MedicalStaffOpinion) (Gul&Guneri2012)

8 E(Electronically) (Cbamesetal.,1996)

Table 4. Categorization of study findings

Serial Number Categorization of study findings Reference number of papers

1 Resource-related (Aboukanda&Latif,2013;Cbarnesetal.,
1996;Coats&Michalis,2001;Connelly&
Bair,2004;Gul&Guneri,2012;Kırışaetal.,
2010;Mason,Hill,Mönch,Roseetal,2008;
Melissa&Erhan,2008;Taboadaetal.,2012)

2 Process-related (Garcia&Centeno,1995;Gorelicketal.,
2005;Laneetal.,2000;Pallin&Kittell,1992;
Samahaetal.,2003;Sanchezetal.,2006)
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The results of discrete event simulation of emergency department activity suggested that 3
additionalnurseswereneededtoensuredesiredclinicaloutcomesandalsoacquisitionofanadditional
computedtomographyscannerisrecommended(Brenneretal.,2010).Simulationstudiesgavestress
ontwomajorresourcesotherthanbeds:humanandequipmentresources.Onecauseofin-efficiency
inEDisthatduetotheirregulardemand,thestaffsareidleattimesandoverworkedatothertimes
(Melissa&Erhan,2008).Hence,severalsimulationstudieswereinterestedinexaminingtheeffects
ofalternativestaffschedulesonwaitingtimesandLOS(Clark&Waring,1987;Coats&Michalis,
2001; Evans, 1996; Pallin & Kittell, 1992; Tan et al., 2002). Rossetti et al. (1999) identified a
schedulebysimulating18attendingstaffschedulesthatdecreasedaveragepatienttimeintheEDby
14.5minutes/patient.Basedonthatsimulation,theyfoundthatthisschedulealsoreducedphysician
utilizationandpercentageoflongpatientvisits.CoatsandMichalis(2001)simulatedandcompared
differentshiftpatternsandfoundthatthedoctorshiftpatternthatbestmatchedthepatientarrival
patternresultedtheshortestpatientwaittimes.Evans(1996)simulatedandtesteddifferentschedules
containingdifferentnumbersofnursingstaffandtechniciansbutthesamenumberofdoctorsasthe
actualsystemandfoundonlya5minutereductioninaveragelengthofpatientstayinED.

3.6.2. Process-Related
Manystudiesstatedthatestablishingafast-trackpathforlowacuitypatientswaseffectiveindecreasing
waittimeswithoutnegativelyimpactingqualityofcare(Sanchezetal.,2006).Samahaetal.(2003)
simulatedfast-tracksystembydirectingallroutinepatientsandfoundaconsiderablereductionin
lengthofpatientstayinED.PallinandKittell(1992)simulatedfast-tracksystembyeliminatingreturn
visitsandfounda50%reductioninnumberofstaffandresourcesduetothefast-tracking.Garcia
etal.(1995)foundthattakingonenurseandbedfromtheEDandusingtheminafast-trackwould
significantlydecreasedpatientflowtimeforlowseveritypatients.McGuire(1994)alsofoundthat
increasingthehoursofthefast-trackprovedtodecrease16-minutesinlengthofpatientstayinED.
Samahaetal.(2003)foundthatpatientbedsideregistrationcouldnotreducelengthofpatientstayinED
andwouldnotbeeconomicaltoimplementbut,arecentstudyprovedthatintroducingbedsidepatient
registrationintheemergencyprocessdecreasedlengthofpatientstayinED(Gorelicketal.,2005).

4. LIMITATIoNS oF SIMULATIoN STUDIES

ThoughthesesimulationstudiesprovidedimportantapproachinsolvingproblemsofED,theyhad
limitationsthataffectedtheirusefulnessinhelpinginsolvingtheseproblems.

First,flowsofpatientswereviewedinthesestudiesinsimplisticandinseriesmanner.Thereare
twocharacteristicsofpatientflowsinhealthcare:clinicalandoperational(Cote,2000).IntheED,
theclinicalandoperationalaspectsofflowsareoftenentangledsincethepatient’shealthcondition
(casetypeandlevelofacuity)typicallydecideswhichtreatment‘stations’theyvisit.Thiscreatesa
largevarietyflowofpatientsintheED.TakakuwaandShiozaki(2004)found70patternsofpatient
flowsfor9patienttypesinasingleED.Intheprocessofmodeling,thesevarietiesofpatientflows
arehardandtimeconsuming.Hence,forthesimplicity,mostflowsweremodeledaslinear,thatis,
patientsmovedinachronologicalmannerfromstationtostation.But,inrealitypatientsmightgo
throughseveralcareprocessesatthesametime.Theseoverlapsandinterdependenciesbetweenmany
componentsofpatientflowswerenotmodeledinthesimulationstudies.

Second,manysimulationstudiesdidnotincludeinformationflowswhenmodelingpatientflows.
Thehealthcareprocesscanbeconsideredasasequentialstepofprocessingofinformationstarting
fromtheinitialdatacollectionofpatient’sconditiontodevelopingahypothesisandcheckingitby
compilationofmoredata(Reidetal.,2005).Theseinformationflowsareacrucialaspectofthe
modelinginanEDbuthavenotbeenaddressedbythesimulationliterature.

Third, the lackofstandardizationofworkflow,patientcarepractices,patientcategoriesand
variety,andpatientflowsacrossEDmakesitdifficulttodesignasimulationmodelofanED.
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Fourth,theobjectiveofdataachievementistoapproximatetheparametersofthesystemand
tovalidatethemodel.Thecost,time,accuracy,andcomplexityassociatedwithcollectingthedata
forsimulationmodelshasbeenachallenge(Valinskyetal.,1975).Thoughdifferentpatientarrival
patternsandpatientdatacanusuallybeobtainedfrominformationsystems,patientserviceandwaiting
timescanonlybeobtainedbyobservationandtimeandmotionstudies.But,placingresearchersin
EDisoftendifficultduetothenatureofpatientflowandtheenvironmentandpatientprivacyissues.

5. FUTURE SCoPE FoR SIMULATIoN RESEARCH

Fromthesimulationstudiesitisfoundthat,therearethreepossiblesuggestionsforfutureresearch
directions.First,humanbehaviorfactorisnotconsideredandanalyzedinthesesimulationmodels.
Simulationresearcherscanbuildhuman–computerinteractiontocorrelatethebehaviorofpatients
andhealthcareproviderstomodelhumaninteractionsaspartoftheED.Second,inmanysimulation
studies,EDwasstudiedandconsideredasanisolatedunit.Thereisaneedtofocusandstressmore
ontheroleoftheEDwithrelatedthelargerhospitalsystemandtheinteractionsinbetweenED
andotherhospital’sunitslikeICCU,wardsetc.Third,manysimulationstudiesfocusedmostlyon
improvingefficiency,optimizingprocessesandresources,andcuttingcosts.Veryfewconcentrated
ondirectimpactonpatientcareorreducingpatientwaittimes,LOS,andpatientdissatisfactionwith
healthcareservice.Therefore,itisnecessarytoincludenecessaryrequirementsforpatientcareinto
thesimulationmodels.

6. CoNCLUSIoN

Patientwaitingtimeisseriousandgrowingproblemdestroyingthe‘safetynet’ofthehealthcare
system.Simulationtoolsprovideimportantmethodstoinvestigatepatientwaiting,excesslengthof
patientstayinEDandinvestigatesolutionstotheseproblems.Throughareviewofthelast44years
ofsimulationresearchfocusingontheseproblemsinED,wehaveidentifiedavarietyoffeatures
which are in common. Though simulation has been useful in identifying critical resources and
processimprovementsthatcanimproveorovercometheseproblems,thesestudiesstillhavesevere
limitationsthatmustbeaddressed.Manyinterventionsproposedbythesimulationstudieshavebeen
EDspecific.Futuresimulationeffortsmustincludeapatientpointofview,theroleofinformation
andcommunicationtechnologies,todevelopsolutionstoEDproblems.Simulationisapowerfultool
thatresearcherscandeploytofacetheseproblemsofED.
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