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A Review on the Contribution of 
Emergency Department Simulation 
Studies in Reducing Wait Time
Basmah Almoaber, University of Ottawa, Ottawa, Canada &King Khalid University, Abha, Saudi Arabia

Daniel Amyot, University of Ottawa, Ottawa, Canada

ABSTRACT

Background:Becauseoftheimportantroleofhospitalemergencydepartments(EDs)inproviding
urgentcare,EDsfaceaconstantlylargedemandthatoftenresultsinlongwaittimes.Objective:To
reviewandanalyzetheexistingliteratureinEDsimulationmodelinganditscontributioninreducing
patientwaittime.Methods:AliteraturereviewwasconductedonsimulationmodelinginEDs.Results:
Atotalof41articleshavemettheinclusioncriteria.Thepaperswerecategorizedbasedontheir
motivations,modelingtechniques,datacollectionprocesses,patientclassification,recommendations,
andimplementationstatuses.Realimpactisseldommeasured;onlyfourpapers(~10%)havereported
the implementation of their recommended changes in the real world. Conclusion: The reported
implementationscontributedsignificantlytowaittimereduction,buttheproportionofsimulation
studiesthatareimplementedistoolowtoconcludecausality.Researchersshouldbudgetresourcesto
implementtheirsimulationrecommendationsinordertomeasuretheirimpactonpatientwaittime.

KEyWoRDS
Emergency Department, Literature Review, Modeling, Simulation, Wait Time

INTRoDUCTIoN

Anemergencydepartment(ED)isconsideredthemostimportantpartofanyhospital.Itisresponsible
forprovidingcaretopatientswhoneedimmediatebutunscheduledhealthcareservices,24hoursa
day,7daysaweek.However,becauseofanED’simportantroleinprovidingurgentcareforillor
injuredpatients,EDsfaceaconstantlylargedemandthatoftenresultsinlongwaittime.Duetomany
factors,suchasinsufficientstaffing,budgetconstraints,poorinpatientbedturnover,unscheduled
arrivals,andgrowingandagingpopulations,EDservicesareseriouslyaffectedandpatientwaittime
hasreachedacriticallevelinmanyhospitals,whichinturncausesserioushealthconsequencesand
addsaneconomiccostforbothpatientsandsocieties.Inthiscontext,manyhealthcareorganizations
andresearchcentersarewonderingwhethertheanalysisresultsofEDsimulationmodelscanhelp
reducepatientwaittime.

Background on Patient Wait Time
WaittimeisusuallyknownasthedifferencebetweenthetimeofarrivalintheEDandthetimethe
patienthascontactwithaphysicianforthefirsttime.Othersdefineitasthetimeapatienthasspent
waitingfordiagnostictests(e.g.,X-rayorbloodtest)orwaitingafterreturningfromexternaltesting
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togettherapy(Chin&Fleisher,1998).AccordingtotheCanadianInstituteforHealthInformation
(2012),fourrelevantmeasurescancontributetopatientwaittimeintheED:

• ED Length of Stay:Timefrompatientregistrationtodischargeoradmission;
• Time Waiting for Initial Physician Assessment:Timefrompatientregistrationtothemoment

aphysicianfirstassessesthepatient;
• Time to Disposition:Timefrompatientregistrationtothemomentthedecisionistakentoeither

dischargeoradmitthepatienttoahospitalbed;and
• Time Waiting for Inpatient Bed:Timefrompatientadmissiontothemomentthepatientleaves

theEDtogototheinpatientunit(insidethehospital).

Differentorganizationshavedefinedtargetsthatgiveamaximumtimeapatientshouldspend
intheED.Forinstance,inOntario(Canada),provincialtargetsfortheEDlengthofstayareeight
andfourhoursforthehighacuityandlowacuitypatients,respectively(OntarioMinistryofHealth
andLong-TermCare,2015).InQuébec(Canada),thetargetedprovincialaveragewaittimeforED
lengthofstayis12hours(MinistèredelaSantéetdesServicesSociauxduQuébec,2011).Inthe
UK,thetargetwaittimeissettofourhoursfromarrivaltoadmission,transfer,ordischarge(NHS
Choices,2015).

Unfortunately,inmanycases,hospitalscannotmeettheirtargetsandpatientswaitlongerthan
expected.Suchlongtimecausesnegativeeffectsonthepatientsandtheservicequality.Patientsmay
experiencedelaysinthetreatmentofpainorsuffering,higherdissatisfaction,andhigherrisksof
strongerormorepermanentdamage.Somepatientsevendecidetoleavewithoutreceivingtreatment.
On theotherhand, the efficiency and stress level ofphysicians andnurses can alsobe affected
negativelybysuchlongwaits(Waldrop,2009).

SincelongpatientwaittimeisoneofthemostimportantissuesinED,andduetoitsdirect
impactonthequalityofhealthcareservicesandthesatisfactionlevelofpatients,ithasattractedmuch
attentionlately.AvarietyofsolutionshavebeenconsideredtowardshorteningEDwaittime,such
asbetterresourceallocationstrategies(Day,Al-Roubaie,&Goldlust,2013;Xu,Roger,Rohleder,&
Cooke,2008),improvedstaffworkingsystems(Kuo,2014;Kuo,Leung,&Graham,2015;Wang,
McKay,Jewer,&Sharma,2013),andseparatecareprogramsforminorinjuries(Khadem,Bashir,
Al-Lawati,&Al-Azri,2008;Maulla,Smarta,Harrisb,&Karasnehc,2009;Rasheed,Lee,Kim,&
Park,2012).However,becauseEDisadynamicsystemwithcomplexinteractionsamongdifferent
componentsandprocesses,thechallengewithmostofthesuggestedsolutionsisthat,inadditionto
thepossibilityoffailure,suchsolutionscostmuchmoneyandtimetobeimplemented.Inthiscontext,
hospitaldecisionmakersneedeffectivetechniquestohelpthemtestproposedscenariosandpredict
resultsbeforetheactualimplementation.Simulation,whichisusedtoimitateinanabstractwaythe
operationofareal-worldprocessorsystemovertime,isacandidatetechniquethatcanlikelyhelphere.

ED Simulation overview
Simulationisnowadaysperceivedasaneffectivetechniqueforassessingorganizations’efficiency,
searchingformoreefficientprocesses,andtestingrecommendedchangesandimprovementsina
rapid,accurate,lowcost,andlowriskmeans.Simulationmodelingapproacheshavebeenadapted
toEDbecauseoftheirabilitytoanalyzepatientsflow,predictdemandforservices,addresscurrent
problems in ED, and evaluate various interventions. They also help hospital administrators and
practitionersexaminemany“what if”scenarioswithanEDcomplexsystembymakingchanges
inthesystemwithinauser-friendlygraphicalinterface,withoutjeopardizingpatientcare(Friesen,
McLeod,Strome,&Mukhi,2011).

SimulationmodelsareusedinEDtoeithersupportstrategic(long-term)decisionmakingorto
supportoperational(day-to-day)decisionmaking.Theformertypeincludesimprovingtheprocess
byhiringadditionalphysiciansornurses,orchangingtheEDlayoutorprocesses,whereasthelatter
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typefocusesonnearreal-timedecisionssuchascallingforadditionalstaffordivertingambulances
towardsotherhospitals(Bahrani,Tchemeube,Mouttham,&Amyot,2013).

AnumberofsimulationapproacheshavebeenusedtomodelEDssuchassystemdynamics
(SD),discreteeventsimulation(DES),oragent-basedsimulation(ABS).

Thegeneralsimulationmethodology,foreveryED,containsfivemainsteps:

1. Collectingtherequireddataincludingarrivalratesanddifferentservicetimes
2. Analyzingthedata todevelopstatisticaldistributionsandthenfeedingthemtoasimulation

modeloftheED
3. RunningthemodelusingthecurrentstateofthemodeledED
4. Verifyingandvalidatingthesimulationmodel
5. Evaluatingdifferentalternatives/scenariostomitigatepatientwaittime

ThetypicalpatientflowthroughoutanEDispresentedinFigure1.Thisflowstartswiththe
patient’sarrivaltotheEDentranceeitherbyambulanceorbywalkinginandendswhenthepatient
iseitherdischargedfromtheEDoradmittedintothehospitalforfurthertreatment.Inbetweenthese
endpoints,threestagesareinvolved.First,inthetriagestation,patientacuityisdecidedbyanurse
andhigherpriorityfortreatmentisgivenforpatientswithacuteconditions.Second,thepatientis
movedtothewaitingareaorexaminationroomuntilseenbyaphysician.Finally,thepatientisseen
byaphysician,whodecideswhethertodischargeoradmitthepatient.

Literature Review objective
TheobjectiveofthisreviewistostudyandanalyzetheexistingliteratureonEDsimulationmodeling
anditscontributioninreducingpatientwaittimetoanswerthefollowingresearchquestion:Howwell
hasthesimulationapproachsucceededinachievingwaittimereductioninemergencydepartments?

Thereviewraisesawarenessaboutthegapthatexistsbetweentheuseofsimulationsforoptimizing
EDsandtheimplementationofthesimulationrecommendationsinrealenvironmentstomeasurethe
concreteimpactoftheserecommendationsonwaittime.Thisreviewisimportantasmosthospitals
aroundtheglobethathaveanEDsufferfromwaittimeissuesandarecontinuouslytryingtominimize
patientwaittime.ThereviewisalsotimelyastherenowexistsabodyofEDsimulationworkthatcan
beanalyzed.Inaddition,Scerbo(2016)reportsontheincreasinginterestintheuseofsimulationin
healthcare,beitforeducation,research,oroperationaloptimization,aswellasonmajorinvestments
inspecializedsimulationcenters.

The paper is organized as follows. The literature review section provides details on the
methodologyusedtoconductthereviewandthenreportsonthefindings.Next,thediscussionsection
usesthefindingstoanswertheresearchquestionandhighlightimportantlimitationsofcurrentstudies.
Threatstothevalidityofthereviewitselfarethendiscussed.Finally,conclusionsbringfinalthoughts
anddirectionsforfutureresearch.

Figure 1. Typical patient flow in an ED
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LITERATURE REVIEW METHoDoLoGy
Toachievethereviewobjectiveandanswertheresearchquestion,asystematizedliteraturereview,
inspiredbyKitchenham’ssystematicliteraturereviewapproach(Kitchenham,2004),isconducted.
Kitchenham’spopularapproachhasprovenitsvalueinguidingtherigorouscollection,selection,
andevaluationofresearchpapersrelatedtoinformationtechnologies.Systematizedreviewsaredone
inthreestages:

1. Searchingasmuchrelevantpublished(peer-reviewed)evidenceaspossiblethroughasearch
query

2. Evaluatingtheretrievedpublicationsagainstinclusionandexclusioncriteriatoonlykeepthe
mostrelevantstudies

3. Synthesizing knowledge and conclusions by aggregating and interpreting the findings from
individualstudies

Thespecificdetailsofourreviewprotocolarepresentednextaccordingtothesethreestages.
Thesedetailsare important for thereaders tounderstandhowthepaperswereselectedandhow
knowledgewassynthesizedfromthem.Suchdetailsalsoenablethereproducibilityofthereview.

Searching Stage
Inthisfirststage,threecomplementarydatabaseswereusedtoidentifyrelevantpapers:

• Scopus®inordertocoverboththetechnologyandhealthliteratureaboutsimulations.Scopus
alsocoversthejournalsfromIEEEandthoseincludedinPubMed/MedlineandEmbasesince
1996.Scopusclaimstobethe“world’slargestabstractandcitationdatabase”,withmorethan
60millioncitations.

• IEEEXplore®DigitalLibrary tocover the technical literature related toEDsimulationnot
alreadycoveredbyScopus(e.g.,conferencepapers).Xploreincludesover4millioncitations.

• PubMedtocoverthebiomedical/healthliteratureaboutEDsimulationsnotalreadycoveredby
Scopus(e.g.,conferencepapers).PubMedcomprisesover26millioncitations.

Groupsofkeywordswereusedtolocatepotentiallyrelevantpapers.InScopusandIEEEXplore,
the following query was used simulation AND model*ing AND “wait* time” AND “emergency 
department” AND healthcare.InPubMed,MedicalSubjectHeadings(MeSH)wereusedtosearch
for“computer simulation[MeSH Terms] AND emergency care[MeSH Terms] AND waiting list[MeSH 
Terms]”.

Scopuswasthemainsourceformostoftheretrievedpapers.Then,IEEEXplorecamenext
(mustofthereturnedpaperswerealreadyfoundedbyScopus).Finally,PubMedwasusedbutwas
notsoeffectiveinlocatingadditionalpapers.

Evaluating Stage
Inthesecondstage,theresultswereevaluatedagainstinclusioncriteriatoonlyincludepaperswith
thefollowingconditions:

• Source Type:Conferencepapersandscholarlyjournals
• Language:English

Additionally,thetitlesandabstractsoftheretrievedpaperswerereadtoonlyincludepapersthat
satisfythefollowingselectioncriteria:
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• Thepaperdiscussesanapplicationofsimulationmodelsinemergencydepartments;
• ThesimulationmodelconsidersgeneralEDandnotonlyspecificdepartments;and
• Areductioninthepatientwaittimeisoneofthesimulationgoalsorresults.

Synthesizing Stage
Afterevaluatingthepapers,thefulltextofeachselectedpaperwasretrievedandanalyzedtoextract
therequireddata.Theextracteddataincludesdetailsabouteachstudy’sreference,location(country
andhospital),objectives,simulationtool,andimplementationstatus.

RESULTS

Theliteraturereview,conductedinthespringof2016,hasresultedin41papers.Theyhavebeen
analyzedwithrespectto1)projectmotivations,2)modelingtechniques,3)datacollectionprocesses,
4)patients’classificationsandflows,5)recommendations,and6)implementations.Table3inthe
Appendixpresentsageneralsummaryoftheselectedpapers.Foreachpaper,Table3providesdetails
onthetargethospitalanditscountry,theobjectivesoftheEDsimulation,thesimulationtoolused,
andwhetherornottherewasanactualimplementationofthesystemfollowingthesimulation-based
analysis.

Project Motivations
Themotivationsofreviewedpaperscanbebroadlycategorizedasto1)increasepatientsatisfaction,
2)increaseservicequality,3)improveEDprocesses,or4)improveresourcesmanagement.Table3
includestheobjectivesofeveryproject.

To increase patient satisfaction and increase service quality, many projects worked towards
reducingwaittimeastheirmaingoal(Al-Ajeeletal.,2015;Dayetal.,2013;Duguay&Chetouane,
2007;Eskandari,Riyahifard,Khosravi,&Geiger,2011;Wengetal.,2011),andtowardsalleviating
bottlenecks(Eskandarietal.,2011;MacDonaldetal.,2005;Venugopal,DanielOtero,Otero,&
Centeno,2013).Anumberofprojectsexaminedpatientflowsandintroduceddifferenttracksfor
differentpatients’acuitylevels(Chonde,Parra,&Chang,2013;Friesenetal.,2011;Konradetal.,
2013;Zeinali,Mahootchi,&Sepehri,2015).

DifferentprojectsevaluateddifferentproceduralchangestoimproveEDprocesses.Forinstance,
changesincludedintroducingseveraldischargingplans(Crawford,Parikh,Kong,&Thakar,2014),
reducinglabturn-aroundtime(Storrowetal.,2008)andaddingaseparatetrackforpediatricand
lowacuitypatients(Kim,Delbridge,&Kendrick,2014;Chondeetal.,2013).

Oneoftheprimarymotivationsofsomeprojectsistoimprovethemanagementofresources
suchasstaff.Severalprojectsconsideredchangingstaffsizing(Al-Ajeeletal.,2015;Cabrera,Luque,
Taboada,Epelde,&Iglesias,2012;Cockeetal.,2016;Dayetal.,2013;Eskandarietal.,2011;
Komashie&Mousavi,2005;Zeinalietal.,2015)andevaluatingdifferentstaffschedules(Holm
&Dahl,2009;Kuo,2014;Venugopaletal.,2013;Wengetal.,2011;Xuetal.,2008;Yeh&Lin,
2007).Otherprojectsexaminedphysicianbehaviors(Lim,Worster,Goeree,&Tarride,2013;Wang
etal.,2013)andheterogeneity(Y.H.Kuoetal.,2015).TheeffectsofEDlayoutwerealsoexamined
in(Khademetal.,2008).

Modeling Techniques
Discreteeventsimulation(DES)is themainmodelingapproachthathasbeenusedinalmostall
reviewedpapers,eitheraloneorcombinedwithotherapproaches,exceptforonepaperthatusedan
agent-basedsimulation(Cabreraetal.,2012).ThehighpenetrationlevelofDESinEDsimulationsis
duetoitsabilitytomodelcomplexnon-linearsystemswhiletakingintoaccountpatienthistory,staff
scheduling,andmultipleresourceconstraints(Duguay&Chetouane,2007).TheDESapproachhas
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beenusedtoexplainpatientflowsthroughaseriesofqueuesandactivitiesindiscretetimeintervals
andtorepresenttherelationshipsbetweendifferententitiesintheEDsystem.

SomepapersintegrateddifferenttechniqueswithDEStogetabetterrepresentationoftheactual
EDsystem.Forinstance,Kuo(2014)introducedtheuseofsimulatedannealing(SA).Kuoproposeda
simulation-optimizationmethod,inwhichsimulationisintegratedasasubroutinetocreaterealizations
forevaluatingsystemperformances,andatthesametimeusedasimulatedannealingalgorithmto
searchforagoodsolutiontodevelop.

Ahmadetal.(2014)usedhybridsimulationmodelsthatcombineDESandsystemdynamics(SD)
inordertogetabetterrepresentationoftheactualsystemthanbyusingeithermodelingparadigm
solely.

AnothermodelingpossibilityistheuseofaColoredPetriNetmodel(Salimifard,Hosseini,&
Moradi,2013),whichisfirstdevelopedtoanalyzetheperformanceofED,andthenemployedina
DESmodeltocapturepatientsflowandcareprocesses.

Inaddition,Zeinalietal.(2015)combinedbothsimulationandmetamodelstodesignadecision
supportsystem.Theyusedametamodel-basedoptimizationtoobtainaconfigurationofresourcesto
reducethetotalaveragewaittimeofpatientswithconsiderationofbudgetandcapacityconstraints.
TheirmainideaistouseDEStoevaluatetheEDperformance,andthenuseametamodeltoallocate
resources.

Wengetal.(2011)mixedDESandDataEnvelopmentAnalysis(DEA)toevaluatepotential
bottlenecks,maximize throughput flows,andreducewait time.TheDEAmodel isdeveloped to
calculatetheefficiencyofdifferentEDoperationalternativesthathavebeengeneratedbytheDES
modelsubjecttotheavailablebudget.

InYehandLin’swork(2007),ageneticalgorithm(GA)isutilizedincombinationwithsimulation
toadjustnurses’scheduleswithouthiringadditionalstaff.Theyfirstdevelopedasimulationmodel
tosimulatethepatientsflowthroughtheED.Then,theyappliedGAtofindanear-optimalnurse
scheduleminimizesthepatients’queuetime.

Eskandarietal.(2011)proposedanewframeworkthat integratesthesimulationmodelofa
patients’flowprocesswiththegroupAHP(AnalyticHierarchyProcess)andTOPSIS(Technique
forOrderPreferencebySimilaritytoIdealSolution)decisionmodelstofirstidentifybottlenecksof
theEDandthentoevaluateimprovingscenarioswiththelowestpossibleexpendituredevelopedfor
overcomingthesebottlenecks.TOPSISdecisionmodelstaketheweightsofperformancemeasures
fromthegroupAHPandthevaluesofperformancemeasuresfromthesimulationmodel,andranks
theimprovementscenarios.

Asmentionedbefore,alargenumberofreviewedpapershaveusedDESmodelsinEDstudies.In
contrast,Cabreraetal.(2012)believedthatusingABStomodelEDsismoreappropriatethanDES
becauseofthenatureofhealthcaresystems,whicharecenteredonhumanactionsandinteractions.

Awidevarietyofcommercialsimulationtoolshavebeenusedtobuildthemodels,including
Arena(themostpopulartool),AnyLogic,CPNTools,eM-Plant,FlexsimHealthcare,FORTRAN,
MedModel,NetLogo,ProModel,Simio,SIMISCRIPT,andSIMUL8.Table1givesareferencefor
eachtool.

Data Collection Processes
Datacollectionisoneofthemostchallengingissuesinmanysimulationprojects.Thequalityand
availabilityofthedataplayanimportantroleinprovidingaccuratesimulationresults.Toconduct
avalid simulation for an emergencydepartment, severaldatasets are required.For example, the
requireddataincludesbutisnotlimitedtoi)patternsofpatientarrivals,ii)timestampedeventssuch
asarrival,registration,discharge,andtransferlocation,iii)thecapacityofeachworkstation,iv)the
numberofhealthcareprovidersavailableateachworkstation,v)staffworkschedules,andvi)acuity
levels.Thenumberandtypeofcollecteddataaredifferentfromonemodeltotheotherbasedoneach
ED’settingsandthemodelgoals.Thenatureoftherequireddataalsodependsonthesimulation
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goals.Forexample,ifthemodelisbuilttoevaluatedifferentstaffschedules,thenthefocuswillbe
oncollectingallthedatarelatedtothestaffsize,salaries,andschedules.

Thereviewedpapersuseddifferentsourcestoobtaintherequireddata.Historicpatientrecordsare
themostpopularsource(Cockeetal.,2016;Coughlanetal.,2011;Eskandarietal.,2011;Friesenet
al.,2011;Holm&Dahl,2009;Khademetal.,2008;Konradetal.,2013;Kuo,2014;Kuoetal.,2015;
Rasheedetal.,2012;Shim&Kumar,2010;Wangetal.,2013;Weng,Cheng,etal.,2011;Xuetal.,
2008).Openinterviewswithphysicians,nurses,andotherstafftakethesecondplace(Ahmadetal.,
2014;Al-Ajeeletal.,2015;Duguay&Chetouane,2007;Kangetal.,2014;Komashie&Mousavi,
2005;Konradetal.,2013;Kuo,2014;MacDonaldetal.,2005;Salimifardetal.,2013;Shim&Kumar,
2010;Xuetal.,2008;Yeh&Lin,2007).Thethirdplaceisoccupiedbyobservationandmonitoring
data(Duguay&Chetouane,2007;Khademetal.,2008;Khurmaetal.,2008;Komashie&Mousavi,
2005;Konradetal.,2013;Maullaetal.,2009).Additionally,othersourceswereusedsuchassurveys
(Al-Ajeeletal.,2015;Holm&Dahl,2009;Khademetal.,2008),time-motionstudies(Kangetal.,
2014;MacDonaldetal.,2005;Rasheedetal.,2012),andhospitaladministrativedatabases(Limet
al.,2013).Inadditiontohospitalregistersdata,somepaperscollectedanduseddataaboutspecial
eventstoevaluatehowtoreducewaittimeduringthoseevents.Forinstance,Malavisietal.(2015)
useddatacollectedduringthe1994NorthridgeearthquaketosimulatetheseismiceventinED,and
Al-Ajeeletal.(2015)collecteddataduringbothnormaldaysandduringsandstormdaystosimulate
theEDduringasandstorm.

Patients Classification
Thereviewedpapersstatedthatthepatients’degreeofacuityaffectstheirwaittime.Forinstance,
patientswhoareclassifiedasurgentbutnotcritical,thelargestgroupofpatients,havethelongest
waittimeinsomeED(Dayetal.,2013;Duguay&Chetouane,2007;Friesenetal.,2011;Khurmaet
al.,2008;Konradetal.,2013;Kuo,2014;Kuoetal.,2015;Limetal.,2013;MacDonaldetal.,2005;
Rasheedetal.,2012;Salimifardetal.,2013;Zeinalietal.,2015).Thereasonisthatcriticalpatients
preemptallotherpatientswhereasnon-urgentpatientsaretreatedanddischargedimmediately.With
thisissueinmind,differentprojectscategorizedpatientsalongdifferentdimensions.Themostpopular

Table 1. Simulation tools references

Tool Reference

Arena ArenaSimulationSoftware.https://www.arenasimulation.com/

AnyLogic AnyLogicMultimethodSimulationSoftware.http://www.anylogic.com/

CPNTools ColoredPetriNetsTools.http://cpntools.org/

eM-Plant PlantSimulation(formerlyeM-Plant).https://www.simplan.de/en/software/tools/plant-simulation.
html

FlexsimHealthcare FlexsimHealthCare.https://healthcare.flexsim.com/

FORTRAN FortanProgrammingLanguage.http://fortranwiki.org/fortran/show/Fortran

MedModel MedModelPatientFlowandProcessImprovement.https://www.promodel.com/Products/
MedModel

NetLogo NetLogo.https://ccl.northwestern.edu/netlogo/

ProModel ProModelBetterDecisionFaster.https://www.promodel.com/

Simio SimioForwardThinking.http://www.simio.com/index.php

SIMISCRIPT SIMSCRIPTModelingandSimulationTools.http://www.simscript.com/partners/partners.html

SIMUL8 SIMUL8ProcessSimulationSoftware.http://www.simul8.com/
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dimensionisbasedonthepatients’levelofacuity/urgency.Inmostcases,patientsareclassifiedinto
oneoffivecategories:level1(critical),level2(emergency),level3(urgent),level4(lessurgent)
andlevel5(non-urgent)(Cockeetal.,2016;Dayetal.,2013;Eskandarietal.,2011;Wengetal.,
2011).Basedonthesecategories,somepapersreclassifiedthepatientsintoothergroups,forexample,
admittedanddischargedpatients(Chondeetal.,2013;Kangetal.,2014),orhigh(levels1and2)
andlow(levels3,4and5)acuity(Komashie&Mousavi,2005;Limetal.,2013).Otherprojectsput
category5patientsintocategory4becausetheyhavethesameflowandpriorityinrealpractice,
andthereisonlyasmallproportionofcategory5patients(Kuo,2014;Kuoetal.,2015).Inaddition,
othermodelsconsiderdifferentcategoriesforthelevelofacuity:acute,sub-acute,andminor(Wang
etal.,2013),orsimplyred,yellow,andgreen(Khademetal.,2008).

Moreover,dimensionsofcategorizationmayincludeage(eitheradultorpediatricwithacutoff
ageof18)(Ahmadetal.,2014;Coughlanetal.,2011),themodeofarrival(arrivingbyambulance
orarrivingbywalkingin)(Ahmed&Alkhamis,2009;Coughlanetal.,2011),oracombinationofa
modeofarrivalwithalevelofacuity(Al-Ajeeletal.,2015;MacDonaldetal.,2005).

Recommendations
Simulationmodelsarebuilteithertodiagnoseprocessissuesortotestperformanceimprovement
ideas. The reviewed papers have tested different scenarios to improve the ED process and then
presentedtheirrecommendationstoreducepatientwaittime.Mostoftherecommendationseither
suggestchanginglevelsandallocationofresources(resourcesallocation)orsuggestchangingtheED
processesthemselves(processimprovement).Notallrecommendationsarefeasible;someofthem
arecostlyandcannotbeimplementedduetobudgetconstraintsinsomeEDs.

Processes Improvement
Oneof themostcommonrecommendations is to introducedifferentqueues fordifferentpatient
classificationssuchasacuitylevel,oradmittedordischargedstatuses(seethetypicalpatientflow
inFigure1).

Chondeetal.(2013)suggestedusingtwopatientflowmodels:VirtualStreaming(VS),which
introducestwovirtualqueuesforadmittedandfordischargedpatients(seeFigure2),andPhysician
DirectedQueuing(PDQ),whichintroducesafasttrackPQDareaforlowacuitypatients.Figure3
summarizesthePDQprocedure.

Mostofthepatientredirectionsarerecommendedforlowacuitypatientstosavetimeandresources
forhighacuitypatients.A“fast-track”strategy(Figure4)allowsfortherapidassessmentandtreatment
oflessseriousinjuriesandillnesses(Khademetal.,2008;Maullaetal.,2009;Rasheedetal.,2012).

Figure 2. Flowchart for virtual streaming (VS). Adapted from Chonde et al. (2013).
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Kimetal.(2014),suggesteddividingpatientsintotwogroups,adultsandpediatricpatientswith
acutoffageof18,andusingaseparatepediatricEDwithitsownpatientflowmanagementand
medicalresourcesinordertoprovidebetterqualityemergencycaretothetargetgroup.

Friesenetal.(2011)alsorecommendedchangingpatientflows.Theysuggestedredirectingthe
patientstowardsotherEDsinordertobalanceEDloadsusing“crowdinforming”,inwhichpatients
withnon-urgentconditionsconsultawebsiteorasmartphone-basedservicethatprovidesinsight
intothe“busyness”ofanEDbeforedecidingwhichonetoattend.

Thesplit-flowprocessofKonradetal.(2013)isanotherexampleofpatientredirection.Lesssick
patientsaresplitofffromthetraditionalEDprocessflow,whichisthenreservedforhigheracuity
patients,andredirectedtoacontinuouscarearea.

Anotherprocess-relatedrecommendationispresentedbyCrawfordetal.(2014).Theauthors
suggestedusingtwoproactiveinpatientdischargestrategiestoreduceEDwaitingandboardingtimes.
ThetwostrategiesdifferinhowtheyestimatetheoccurrenceofEDcrowdingtostartdischarging
inpatientsbasedontheirestimatedreadmissionrisk.Theproactivestrategy-waiting(PS-W)considers
thenumberofpatientswaitingforanEDbedposttriage,whereasproactivestrategy-boarding(PS-B)
considersthenumberofpatientsinanEDwhoarewaitingforaninpatientunitbedaftercompletion
oftreatmentintheED.

Inaddition,Storrow(2008)showedthatdecreasinglabturnaroundtimeresultedinareduction
in the total numberof diversiondays, averagediversionhoursper day, percentageof dayswith
diversion,andaverageEDLOS.

GivingprioritytoEDpatientsinneedoflimited/expensivemedicalequipmentsuchasadvanced
scannersovernon-EDpatientswasrecommendedbyEskandarietal.(2011)toreducepatientwaittime.

Figure 3. Flowchart for physician directed queuing (PDQ). Adapted from Chonde et al. (2013).

Figure 4. Example of “See and Treat” Model. Adapted from Maulla et al. (2009).
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Resources Allocation
Manypaperssuggestedaddingoneormorephysiciansinordertoreducewaittimeandincreasethe
numberoftreatedpatients(Duguay&Chetouane,2007;Khademetal.,2008;Konradetal.,2013;
Salimifardetal.,2013).Addingaphysiciantothesplit-flowareacanreducethelengthofstayfor
loweracuitypatients(Konradetal.,2013).Thesameresultisobtainedwhenaddingaphysician
andmid-levelproviderintriage,absorbingfast-trackpatientsintotriage,anddischarginglow-acuity
patientsdirectlyfromtriagewheneverpossible(Dayetal.,2013).Doanetal.(2014)recommended
theadditionofphysicianassistants(PAs)toreducetimewithoutincreasingcosts.Hungetal.(2007)
recommendedtheadditionofahospitalvolunteerandasecondtriagenursetoreducepre-triagewait
timeandtheproportionofpatientswaitinglongerthan30to60minutesforpre-triagetomanagethe
increaseinpatientarrivalratesinthewinterseason.Cockeetal.(2016)foundthatincreasingstaff
by25%ofthecurrentscheduleisthefeasiblesolutiontohandletheupcomingyearlydemandintheir
newEDfacility.Incontrast,Holm&Dahl(2009)foundthatnosignificantchangeinpatientwait
timeresultsfromreplacingthenursetriagewithaphysiciantriageduringbusyhours.

VaryingthelayoutoftheEDbyaddingorremovingroomswasalsorecommendedinsome
papers.Examples includeaddinganadditional triage roomandcombining receptionwith triage
(Khademetal.,2008),settingupanewshort-staywardforpatientswhoneedtobefurtherobserved
andmonitoredforlessthanaday(Shim&Kumar,2010),addingaseparateloadreliefareaforlow
acuitypatients(Rasheedetal.,2012),addingfivemobilebedsintheinpatientward(Eskandariet
al.,2011),andestablishingaRapidAssessmentandTreatment(RAT)area(MacDonaldetal.,2005).

Other recommendations suggested considering physician behavior to reduce wait time, for
example:

• Variationinphysicianserviceratescanhelpreducingwaittimebecauseemployingmoreefficient
physicianscanspeeduptheoverallconsultationtime(Kuoetal.,2015).

• Basedontheideathatthespeedofphysicianassessmentvariesconsiderablyatthebeginning
andendofashift,eight-hourshiftsshouldstarteveryfourhours,sotheshiftbeginningandshift
endingperiodsoverlap(Wangetal.,2013).

Inaddition,thesimulationresultsofKuo(2014)suggestedthat:

• Thebeststaffinglevelhasasimilarprofiletothepatientarrivalrate,butshifted1.5–2hours
behind;and

• Staggeredshiftsarealsohelpfultomatchphysicianswithpatientdemand.

Other Recommendations
Afewpapersconsideredreal-timedecisionsandnear-futureforecasting.Forexample,Hootetal.
(2008)developedaForecastEDsimulationtopredictnear-futureoperatingconditionsinorderto
managetheproblemofEDcrowdingproactively.

Furthermore,theworkdonebyTanetal.(2013)recommendedtheuseofreal-timeinformation
tomanagedemandsurgesortoreleasedoctorstothebackroomoperationsduringlowpeakperiod.
Theauthorsproposedanintelligentmodel toadjust thenumberofdoctorsbasedoncurrentand
historicalinformationaboutthepatientarrivalintheED.

Implementations
Most of the papers’ recommendations to improve ED processes and reduce wait time are only
theoreticallyproposedbymodelersandhavenotbeenimplementedintherealworld.Toexamine
theimpactofthechangesrecommendedbythemodeler,recommendationsmustbeimplemented
andevaluated.Fromthe41reviewedpapersinTable3,onlyfour(i.e.,lessthan10%)havereported
theimplementationoftheirsuggestedchangesTable2.
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ToanalyzetheimpactontheEDwaittimeofmovingfroma“triageandtreat”strategy,where
patientsaretreatedinthetriageareaanddischargedwithoutreachingthemainEDarea,toa“see
andtreat”strategy,Maullaetal.(2009)constructedandimplementedaDESmodel.Theresearch
wasstructuredintothreephases.Phase1wasthemodelcreationandvalidationbasedonEDdatato
representthecurrentprocesses.Phase2involvedusingthemodeltoassesstheimpactofa“seeand
treat”strategyonwaittime.Threescenarioshavebeentestedinthisphase.Lastly,Phase3compared
pre-andpost-implementationperformanceswiththepredictedresultsofthemodel.Thecomparison
wasconductedbyanalyzingthreedatasets:theactualpre-implementationperformance,pre-and
post-implementationpredictionsderivedfromthesimulationmodel,andtheactualresultsobtained
fromapost-implementationanalysis.Theresultsofthecomparisonshowasignificantreductionin
patientwaittime,from13.2%ofthepopulationwaitinglongerthan4hbeforetheimplementation
to1.4%aftertheimplementation.Theauthorsunfortunatelyhavenotmentionedthehospital’sname.

Dayetal.(2013)hadadifferentobjectivewhenimplementingtheirsimulationmodel.Theiraim
wastoassesstheaccuracyofthesimulationinpredictingthemagnitudeoftheproposedchanges.
Theysuggestedaddingaphysicianandamid-levelproviderintriage,andconsolidatingtheFastTrack
intotriagetoreducetheaveragelengthofstay(LOS)andtheproportionofpatientswithover6hours
ofLOS.Theassessmentwasdonebycomparingthetwosimulations(beforeandaftermodels)with
thereal-worlddatabeforeandaftertheimplementation.Theresultshowednosignificantdifference
betweenthepost-interventionstatesinthesimulatedandreal-worldED.

Konradetal.(2013)introducedtheideaofusingthesplit-flowconcepttomanageEDprocesses
bysplittingtheflowofpatientsaccordingtopatientacuity.Theycomparedseventeenscenarios,
regarding Door-to-Doctor time and length-of-stay for different patient acuity levels, to estimate
the likely impact of a split-flow process redesign, including staffing level changes and patient
volumechanges.Finally,theyrecommendedaddingaphysiciantothesplit-flowarea.Thehospital
managementaddedadditionalphysicianassistantsbasedonthisrecommendation.Theimplementation
resultedinsignificantimprovementsinDoor-to-Doctortime,totallength-of-stay,arrivaltobedtime,
andthenumberofpatientsleftwithoutbeingseen.Thesuccessoftheimplementationwasevaluated
bycomparingtheperformancemetricsfromthreedifferentsources:1)SaintVincenthospitaldata
priortosplit-flowimplementation,2)SaintVincenthospitaldataaftersplit-flowimplementation,
and3)benchmarkmetrics.

Asimulation-basedmetamodelingapproachwasusedasanoveldecisionsupportsystemto
improve thepatients flowandminimize theaveragewait time in theModarresHospital, in Iran
(Zeinalietal.,2015).TheideawastofindtheoptimalnumberofEDresourceswithintheED’s
budgetandcapacityconstraintsandthenimplementthechangesthroughthreesteps:first,develop
asimulationoftheEDinordertoevaluatethemeasure(totalaveragewaittimeofpatients)foreach
configurationofresources;second,usedifferentmetamodeltechniquesandchoosetheonewiththe
maximumefficiencythroughacross-validationtechniquetoreplacethecomputationallyexpensive
DESmodel,andfinally,usetheproposedmodeltominimizethetotalaveragewaittimeofpatients.
Thepaperdeclaredthattheproposedmodelhasbeenimplementedandhasresultedina48%decrease
inthetotalaveragewaittimewithoutanyfurtherdetails.

DISCUSSIoN AND LIMITATIoN

Discussion
Simulation models were introduced in the reviewed papers as a decision technique to help ED
managementexploreoptionstoimprovepatientwaittimewithoutthetypicalfinancialorphysical
risksthatmayresultfromimplementingthoseoptionsinarealED.Afewhospitalshaveimplemented
theproposedsolutionsandachievednotonlyasignificantimprovementintermsofreducingpatient
waittime,butalsogoodpredictabilityofthesimulationmodels.

Asexplainedintheintroduction,manymetricsareusedinthedifferentmodelstomeasurewait
time.Inmanycases,thehospitals’historicalrecordsdonotincludedataaboutthestartandendof
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activities.Moreover,therapidchangeindemandsandthevarietyinacuitylevelsaffecttheaccuracy
ofmeasuredwaittime.AlmostallthepapersconsidertheaveragewaittimeasameasureofED
capacityandqualityofserviceprovidedexceptChin&Fleischer(1998),whoproposedtheuseofthe
maximumwaittimebecause,insomecases,themaximumtimecanbemuchgreaterthantheaverage.

ThetrendamongthereviewedpapersistomodeltheEDinisolationfromotherdepartments.
Theyfocusoninternalfactorsthatcausethelongwaittimewhileinrealitythereareotherexternal
contributingfactors.Forexample,commonfactorsincludethedelayintransferringadmittedpatients
tootherareasofthehospital,andlabsturn-aroundtime.Ontheotherhand,thefocusontheEDalone
canaffectotherdepartmentsbypushingthebottlenecktootherhospitalunits.

EDovercrowding, inwhichthenumberofpatients inthewaitingareaexceedstheavailable
resources,hasbeenintroducedasamainreasonforlongpatientwaittime(Friesenetal.,2011;Konrad
etal.,2013;Kuoetal.,2015;Rasheedetal.,2012;Salimifardetal.,2013).Alleviatingovercrowding
inEDhasahighimpactonimprovingpatientflowandreducingwait time.Severalpapershave
produced solutions that improve wait time indirectly by solving the overcrowding problem. For
example,Friesenetal.(2011)suggesttheuseof“crowedinforming”todivertincomingpatientsto
anEDduringbusyperiods.Inasimilarmanner,Kuoetal.(2015)foundthatphysicianheterogeneity
hasagreatimpactinEDovercrowding.VariationinphysicianserviceratescanhelprelievetheED
overcrowding,whichinturnreduceswaittime.

The“seeandtreat”strategyprovidesapromisingsolutiontolongwaittime.Manypapershave
evaluatedtheideaof“seeandtreat”andtheresultssuggesttheimplementationofthestrategy(Day
etal.,2013;Duguay&Chetouane,2007;Khademetal.,2008;Konradetal.,2013;MacDonaldet
al.,2005;Maullaetal.,2009;Rasheedetal.,2012;Salimifardetal.,2013).Sincelowacuitypatients
representalargeproportionofEDpatients,themaingoalistodischargelowacuitypatientsdirectly
fromtriagewheneverpossible.Addingaphysiciantothetriagesucceededinreducingwaittimeandin
increasingthenumberoftreatedpatients(Dayetal.,2013;Duguay&Chetouane,2007;MacDonald
etal.,2005).Onepossiblethreatofusinga“seeandtreat”strategyisthatitsfocusonlow-acuity
patientsmayaffectpatientswithhigheracuity.

Somepapersshowedconcernsaboutpossibletrade-offswhenapplyingcertainchanges.The
dischargestrategysuggestedbyCrawfordetal.(2014)mayresultinanincreaseinthenumberof
patientreadmissionsbecauseitsmainfocusisonreducingthecrowdingbydischarginginpatientsearly.

Papers Limitations
Thereviewedsimulationprojectshighlightedanumberofusefulsolutionstoreducepatientwait
time.However,theyhavesomelimitationsthatcouldreducetheireffectiveness.

First,EDsettingsvaryfromonehospitaltotheother.Allthereviewedmodelswerebuiltto
representaspecificEDwithspecificsettingsthatmaynotbegeneralizabletootherEDs.

AnotherlimitationisthatmostofthesimulationmodelshaverepresentedtheEDinisolationfrom
otherdepartments.ED,inreality,ispartofawidersystemwheredifferentservicesareinteracting
togetherinordertoachievetheirgoals.Thesimulationmodelsneedtorepresenttherelationships
betweentheEDandotherunitsofthehospitaltocapturethebigpictureandincludeallthepossible
factors,internalorexternal,thatmayleadtolongwaittime.

Table 2. Hospitals names and locations where simulation recommendations have been implemented

Reference Country Hospital Name
(Maullaetal.,2009) UK N/A

(Dayetal.,2013) USA St.LouisVeteransAffairsMedicalCenter
(Konradetal.,2013) USA SaintVincentHospitalinWorcester
(Zeinalietal.,2015) Iran ModarresHospital
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Thethirdlimitationisrelatedtothedatacollection.Acquiringtherequireddataiscostlyand
timeconsuming.Sometimes,itmaybeimpossibletoobtaincertaindatasuchastheservicetime
orthedatarelatedtothepatientsorphysicians’behaviorvariation.Inthatcase,modelerstendto
makeassumptionstoclosethegaporuseasmallsampleofpatientstodrawconclusionsonsystem
performance,whichhasanimpactonthefinalresults.Otherconcernsrelatedtothedatacollection
arethatthedataarecollectedduringashortperiod.Inthiscase,someusefuldatasuchasseasonal
peakvariationswillbeoverlooked.

Otherlimitationsarerelatedtosomecommonassumptionssuchasconsideringequalqualifications
andefficiencyforallhealthcareprovidersandmodelingEDsinstablesituationswithoutconsidering
externalfactorssuchasdifferentseasonsandcatastrophes.Also,fewpapersactuallydiscussedthe
highcostofsomesolutionssuchasaddingphysiciansornurses.

THREATS To VALIDITy

Validityreferstothedegreeofwhichcorrectconclusionscanbeinterpretedaccuratelyandconfidently
fromthe resultsof research.Thevalidityof this review issubject tomanyexternaland internal
threats.Thefollowingsubsectionsaddressthosethreatsandtheextenttowhichtheyweremitigated.

Internal Validity
Internalvalidityreflectstheextenttowhicharesultedconclusionisjustified.Inthisreview,notall
papersthatconsiderthewaittimeprobleminEDmayhavebeenretrieveddueto:

• LimitingthesearchtoonlyEnglish-language
• Limitingthesearchtoonlythreedatabases
• Notconsideringreferencedpapers
• IncludingonlypapersthatconsiderthegeneralEDandexcludedotherpapersthatstudiedspecific

(sub-)departmentswithintheED

Thatbeingsaid,asampleof41relevantpapersislargeenoughtomakeinterestingobservations
andreachacceptableconclusions.Thethreedatabasesselectedarealsoquitegeneral,complementary,
andcomprehensive(andactuallyScopusitselfalsocoversmanyotherdatabases).

Internalvalidityalsoconsidersbiasfactorssuchasthenumberofreviewers.Inthisreview,the
retrievedpaperswerereviewedbyasingleresearcher(thefirstauthor);thisincreasestheriskof
biasinselectingpapersandextractingdata.Havingmorethanonereviewerforeachpaperwould
havehelpedbutwasimpossibleduetoresourcelimitations.Tomitigatethisthreat,previousrelated
reviewshavebeenconsideredtoverifytheresearchstrategy.

External Validity
Externalvalidityreflectstheabilitytogeneralizetheresultsconfidently.Fromtheconductedresearch,
itisconcludedthattheproportionofimplementedsimulationsislow.Apossiblereasonisthatthe
reviewedpapersarelimitedtojournalsandconferencesinwhichthefocusisonthetechnicalsimulation
designandnotcontributionstoEDs.Consideringthegrayliterature(magazines,government/hospital
reports) may produce different results. Also, the conclusions here are limited to EDs; the ways
simulationsareusedinotherhospitaldepartmentsmightbedifferent.

CoNCLUSIoN

Fromthe literaturereviewed,anumberof importantconclusionscanbedrawnaboutsimulation
modelinginEDanditsimpactonwaittime.

First,simulationmodels,especiallyDES,haveattractedmanyresearchersinEDbecause:1)
simulationsenableresearchers tomodel theuncertaintiesandvariability thatare involvedinED
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systems,2)theyfacilitatetherepresentationofthecomplexityofEDsystems,and3)theyassistthe
communicationbetweenmodelersandstakeholders.

Second,theuseofseparateflowsforpatientsbasedontheiracuitylevelhasbeenproposed,
evaluatedandappliedinrealEDs.Thisrecommendationhasshownasignificantcontributionto
reducingwaittimeforlesscriticalpatients.Theadditionofphysicianstothetriageareatotreatand
dischargepatientshasalsoshownagoodresultinreducingthewaitinginmostcases.However,it
isstillnotclearifthoseapproacheshavehadanegativeimpactonthewaittimeofcriticalpatients.

Third,resourceallocationhasbeenexaminedextensively.Inhumanresources,theinteresting
ideaofemployingotherstafflikehospitalvolunteersandphysicianassistancetohelpphysiciansin
treatinglowacuitypatients’needsmoreinvestigationtoverifyitsvalidityandevaluateifthiswill
affectpatientreadmissionrates.Conversely,theexpansionoftheEDandtheadditionofmorerooms
didnotleadtowaittimereductionunlessaccompaniedbyadditionalstaff.

Fourth,thenumberofreportedimplementationsoftheproposedrecommendationsislow.Without
animplementation,someoftherecommendationsarejusttheories,andthereisnoevidenceoftheir
actualimpactonrealsystems.ItwasexpectedthatnotallEDsimulationpaperswouldcontainan
implementation,butamere10%ofimplementationsissomewhatdisappointing.Therearemany
factorsthataffectthedecisiontoimplementrecommendedchangestoanED.Oneobviousfactoris
thatnotallchangescanbeappliedbecauseoftheircost;somechangesrequirehiringanadditional
physicianoraddinganewroomtotheED.Salimifardetal.(2013)havestatedthatalthoughtheresults
ofthealternativeswerepromising,EDmanagementmaynotimplementthemforunknownreasons:
“AlsoEDstaffreactiontoourworkwaspositive,andtheyhelpedusthroughtheworkbutduetothe
reluctanceofEDmanagers,wefailedtoimplementtheproposedchangesinreality”.

Backtotheresearchquestion“Howwellhasthesimulationapproachsucceededinachieving
waittimereductioninemergencydepartments?”,withthelimitednumberofimplementedsimulation
models,itmaybedifficulttoassesstheactualcontributionofsimulationinreducingpatientswait
time.Onegoodnewsisthattheimplementationsreportedactuallyledtopositivecontributionson
reducingpatientwaittimeinEDs.However,asresearchersandjournalshaveatendencytopublish
morepositiveresultsthannegativeones,theremightexistimplementedrecommendationsthatdid
notleadtopositiveimpactsonwaittime,butsuchresultswouldnotbepublishedeasily.

In the future, to improve the literature on simulations in EDs, researchers should budget
appropriateresources(time,money,andaccesstodata,EDs,andexperts) inordertoimplement
therecommendationsresultingfromtheanalysisofsimulationmodelsandtoassesswhetherthere
isevidenceofimprovement.Thetimeandeffortspentonsuchresearcharehugeandshouldnotbe
wastedwithincompletevalidation.Thereisanopportunitytostudywhatfactorsactuallycausethe
gapbetweenthenumberofmodeledsimulationsandthenumberofimplementedones.

Intermsofresearchdirections,futureEDsimulationapplicationsshouldfocuson:

• ModelingEDaspartofalargerviewofahospitalsystembyincorporatingtheinteractionsbetween
EDandotherunits.AlthoughEDwaittimecanbeaffectedbyexternalfactorssuchaslabswait
timeorinpatientadmissionprocesses,mostcurrentstudieshavemodeledEDasanisolatedunit.

• Modelingreal-timedecisionmaking.Severalstudieshaveconsideredstrategicdecisionsbut
onlyafewhaveconsideredreal-time,operationaldecisions(atthepatientlevelratherthanat
theprocesslevel).Forecastingthenumberofexpectedpatientsanddynamicallyadjustingthe
numberofEDstaffbasedonreal-time(e.g.,hourly)demandisapromisingapproachtoimprove
waittimewithoutmucheconomicburdenonhospitals.
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APPENDIX

Table 3. Summary of the 41 selected papers

Reference Country Hospital Name Objectives Simulation tool Imple-mented?

(Chin&Fleisher,
1998)

USA Anurban,
university
affiliatedpediatric
teachinghospital

Toquantifytheeffectofpatient
arrivaltimeandphysicianpracticeson
physicianidletimeandpatientwaittime

FORTRAN NO

(Komashie&
Mousavi,2005)

UK Hospitalin
London,noname.

(1)Tomodelthesystemforbetter
understandingofoperations,(2)
Todeterminetheimpactofcritical
resourcesonKeyPerformance
Indicators(KPIs),and(3)Toprovide
acost-effectivemeansoftesting
variousscenariosforpossiblesystem
improvement.

Arena NO

(MacDonaldetal.,
2005)

USA TheUniversity
MedicalCenterin
Tucson,Arizona

Toproposerecommendationsthatwould
alleviatebottlenecksinthepatientflow
processoftheED.

Arena NO

(Duguay&
Chetouane,2007)

Canada Dr.Georges-L.
DumontHospital
inMoncton

Toreducepatientwaittimeandto
improveoverallservicedeliveryand
systemthroughput.

Arena NO

(Hung,
Whitehouse,
O’Neill,Gray,&
Kissoon,2007)

Canada BritishColumbia
Children’sHospital
(BCCH)

TodeterminewhataspectsofPED
(PediatricED)activitycouldbe
modifiedtoimprovepatientflow,reduce
patientwaittime,andincreasestaff
efficiencyandmorale.

Arena NO

(Yeh&Lin,2007) Taiwan Show-Chwan
MemorialHospital

Toappropriatelyadjustnurses’schedules
withouthiringadditionalstaff.

eM-Plant NO

(Hootetal.,2008) N/A Noname. Toforecastnear-futureoperating
conditions,andtovalidatetheforecasts
usingseveralmeasuresofEDcrowding.

StandardC
programming
language

NO

(Khademetal.,
2008)

Oman Apublichospital,
noname.

(1)Improvingpatientsatisfaction
throughminimizingpatientwaittime,
and(2)Expandingthecapacityofthe
ED.

MedModel NO

(Khurma,Bacioiu,
&Pasek,2008)

Canada Noname. Toincreasetheflowthroughoutthe
EDbyintroducingLeanandprocess
improvementmethodologies.

ProModel NO

(Storrowetal.,
2008)

USA Noname. Todeterminetheeffectofdecreasing
turnaroundtimesonemergencymedical
services(EMS)diversion,EDpatient
throughput,andtotalEDlengthofstay.

N/A NO

(Xuetal.,2008) Canada TheFoothills
MedicalCentrein
theCalgary

TotestdifferentEDphysician
managementstrategies,workpractices,
andalternativeshiftschedulesto
determinetheirimpactonpatientwait
timeintheED.

Arena NO

(Ahmed&
Alkhamis,2009)

Kuwait Agovernment
hospital,noname.

Toevaluatetheimpactofvarious
staffinglevelsonserviceefficiency

SIMISCRIPT NO

(Holm&Dahl,
2009)

Norway Akershus
University
Hospital

Toestimatetheeffectreplacingnurse
triagewithaphysicianonpatientwait
time.

FlexsimHealthcare NO

(Maullaetal.,
2009)

UK Noname. Toevaluatetheimpactthatafast-track
strategyinEDhasonpatientwaittime.

N/A YES

(Shim&Kumar,
2010)

Singapore TanTockSeng
Hospital

Reengineeringemergencycareprocess
toimprovepatientwaittime.

SIMUL8 NO

(Coughlan,Eatock,
&Patel,2011)

UK Adistrictgeneral
hospitalinWest
London

Todeterminetheimpactare-
prioritizationstrategyhasonthe4-hour
target.

SIMUL8 NO

(Eskandarietal.,
2011)

Iran Agovernment
hospital,noname.

Toidentifyandovercomebottlenecks
thatleadtolongwaittimesofdifferent
patienttypes.

Arena NO

(Friesenetal.,
2011)

Canada Differenthospitals. Toinvestigatetheapplicationofexisting
availabledataandemergingdatafeeds
towardsdevelopinganauxiliaryED
processcontrolstrategy.

N/A NO
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Reference Country Hospital Name Objectives Simulation tool Imple-mented?

(Weng,Tsai,etal.,
2011)

Taiwan Largeteaching
hospitalcenter,no
name.

Todevelopanddeployamixedmethod
incorporatingDESand
DEAtoevaluatepotentialbottlenecks,
maximizethroughputflows,andidentify
solutionsinreducingpatienttimein
theEDwhilealsoincreasingpatient
satisfaction.

Arena NO

(Weng,Cheng,et
al.,2011)

Taiwan Amedicalcenter
inTaiwan,no
name.

ToimprovetheflowoftheEDby
increasingthequalityoftreatment.

SIMUL8 NO

(Cabreraetal.,
2012)

Spain TheHospitalof
Sabadell

Toidentifythecombinationnumbersof
staffmembersofEDthatoptimizeits
performance.

NetLogo NO

(Rasheedetal.,
2012)

Korea Hospitallocatedin
Seoul.

ToassesstheeffectsofanEDloadrelief
areacreationonEDeffectivenessand
servicequality.

Arena NO

(Chondeetal.,
2013)

USA Noname. Toimproveresourcemanagement
strategiestocombattheincreasingcosts
ofhealthcareandoverutilizationofEDs.

Simio NO

(Dayetal.,2013) USA St.LouisVeterans
AffairsMedical
Center

(1)Todeterminetheeffectsofaddinga
providerintriageontheaveragelength
ofstay(LOS)andproportionofpatients
with>6hLOS,and(2)Toassessthe
accuracyofcomputersimulationin
predictingthemagnitudeofsucheffects
onthesemetrics.

AnyLogic
Professional

YES

(Konradetal.,
2013)

USA SaintVincent
Hospitalin
Worcester

Toevaluatetheimpactonpatient
throughputarisingfromdifferentsplit-
flowconfigurations.

Arena YES

(Limetal.,2013) Canada Noname. Topresentanalternativeapproachwhere
physiciansandtheirdelegatesintheED
aremodeledasinteractingpseudo-agents
inadiscreteeventsimulationandto
compareitwiththetraditionalapproach
ignoringsuchinteractions.

Arena NO

(Salimifardetal.,
2013)

Iran Ageneralhospital
inthecityofYazd,
noname.

ToimproveEDprocesses,inorderto
solvethecrowdingproblem.

ColoredPetriNets NO

(Tan,Tan,&Lau,
2013)

Singapore LocalHospital,no
name.

Tointelligentlyadjustthenumberof
doctorsbasedoncurrentandhistorical
informationaboutthepatientarrival.

N/A NO

(Wangetal.,2013) Canada St.Mary’sGeneral
Hospital

Tostudytheimpactofphysician
behaviorsontheEDwaittime
performances.

Arena NO

(Venugopaletal.,
2013)

USA Amajor
emergency
departmentin
Melbourne,
Florida.

TounderstandtheEDsystem’sbehavior
underdifferentalternativestaffing
solutions.

Arena NO

(Ahmadetal.,
2014)

Malaysia Agovernment
Hospital,noname.

Tostudypatientflowsandthecomplex
interactionsamonghospitalresourcesfor
EDoperations

AnyLogic NO

(Crawfordetal.,
2014)

USA Genericmodel
ofanacutecare
hospital

Toanalyzetheeffectofdischargetiming
onseveralEDrelatedmeasuresandthe
numberofreadmissions.

Arena NO

(Doanetal.,2014) Canada BritishColumbia
Children’sHospital
(BCCH)

Tocomparetheeffectonkeypediatric
EDefficiencyindicatorsofextending
physiciancoverageversusadding
PhysicianAssistantswithequivalent
incrementalcosts.

Arena NO

(Kang,Nembhard,
Rafferty,&
Deflitch,2014)

USA HersheyMedical
Center.

Toinvestigatetheeffectofadmission
processpoliciesonpatientflowinthe
ED.

Simio NO

(Kimetal.,2014) USA Noname. Toexploredifferentcharacteristics
betweenEDpediatricandadultpatient
groupsregardingprocessflowtimesand
acuities,andtoinvestigatedeveloping
pediatricEDs

Arena NO

(Kuo,2014) HongKong ThePrinceof
WalesHospital
(PWH)

Toexploredifferentphysicianschedules
iterativelytolookforagoodsolution.

Arena NO

(Al-Ajeeletal.,
2015)

Kuwait Agovernment
hospital,noname.

Todeterminetheminimumnumber
ofstaffneededtoreducethewaittime
duringsandstormswithoutaffectingthe
efficiencyoftheEDanditsprocesses.

Arena NO

Table 3. Continued

continuedonfollowingpage



International Journal of E-Health and Medical Communications
Volume 8 • Issue 3 • July-September 2017

21

Basmah Almoaber is Lecturer at King Khalid University, Saudi Arabia, and PhD Candidate in E-Business at the 
University of Ottawa, Canada. She received her BSc in Information Systems from King Khalid University in 2009 
and her MSc in Systems Science from the University of Ottawa in 2015. She developed a trust certificate model for 
multi-agent systems, and now focuses on improving the exchange of health information between hospitals in Ontario.

Daniel Amyot is Professor at the School of Electrical Engineering and Computer Science of the University of 
Ottawa, which he joined in 2002 after working for Mitel Networks as a senior researcher. His research interests 
include software and requirements engineering, business process modeling, healthcare informatics, and regulatory 
compliance. He has over 160 publications in these areas. He has led projects on e-health, analytics, and real-time 
monitoring in collaboration with several Canadian hospitals. Daniel is on the editorial boards of Empirical Software 
Engineering and of the Journal on Software & System Modeling. Daniel holds a PhD and an M.Sc. in Computer 
Science from the University of Ottawa (2001 and 1994), as well as a BSc from Laval University (1992).

Reference Country Hospital Name Objectives Simulation tool Imple-mented?

(Kuoetal.,2015) HongKong ThePrinceof
WalesHospital
(PWH)

Toexaminetheeffectofphysician
heterogeneityontheEDperformance.

Arena NO

(Malavisi,
Cimellaro,Terzic,
&Mahin,2015)

Italy UmbertoIMaurizianoHospital Todevelop
asimplified
modelinorder
todescribeED
behaviorduring
emergencies

ProModel NO

(Zeinalietal.,
2015)

Iran ModarresHospital Toimprovethe
patientflowand
relievecongestion
bychangingthe
numberofED
resources(i.e.,
thenumberof
receptionists,
nurses,residents,
andbeds).

Arena YES

(Cockeetal.,
2016)

USA UniversityofVirginia(UVA)Medical
Center

Toexamine
whetherthefuture
EDfacilitywould
beabletohandle
theupcoming
yearlydemand
andhowdifferent
resourceschedules
wouldaffectthe
averagelengthof
stayandaverage
arrivaltoprovider
times.

Arena NO
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