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ABSTRACT

Theemergencydepartment(ED)facesgreatchallengesduringthecoronapandemic,whichhasgreatly
affectedthecourseofwork,asthemedicalstaffworkstomaintainthequalityofserviceandmore
guaranteethehealthofpatientsandstaff.Withtherapidspreadofthecoronavirus,EDhasbecome
thefocusofattentionofmanyresearchers,wheremostofthemfocusedonreducingwaitingtime
andthedurationofthepatient’slengthofstay(LOS)throughtherestructuringofED.Inthisstudy,
theauthorsproposeasimulationmodelusingthehierarchicalcoloured-petrinets(CP-Nets).Several
improvementscenarioshavebeensuggestedinordertoarriveattheoptimalsolution.Scenarioswere
comparedandsolutionswerepresentedtodecisionmakers.ThisstudywasconductedattheHassani
AbdelkaderHospitalinSidiBelAbbes.Theauthorsobtainedamodelthatcouldbegeneralizedto
otherhospitals.
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INTRODUCTION

A hospital emergency department (ED) is an important unit that requires a high degree of
interconnectednessandcoordinationbetweenthephysicalandhumanelements.TheEDalsorequiresits
employeestoworkatdifferenthours,dayandnight,andweekends.Therefore,planningintheemergency
departmentisoneofthemostdifficultproblemsformedicalstaff(Yeh&Lin,2007).TheEDemploys
thebestdoctorsandnurseswhohavebeenspeciallytrainedinthefieldofemergencymedicine.Providing
emergencycarerequiresthenecessaryskillinlife-savingtechniques,andextensiveknowledgeofall
typesofdiseasesandinjuries.TheCOVID-19outbreakhasposedmanyproblemsfortheED,requiring
anurgentrestructuringofmanyaspectsofED.Also,thewayofworkmustbereviewed,andsafeand
rapidmeasurestakenforallpatients,whilepreservingthesafetyofemployees(Kraftin,etal.,2020).

ToimproveanddeveloptheEDservices,severalmethodswereusedwhichincludedemand
management,processmapping,statisticalforecasting,queuingtheory,criticalpathidentification,
andcomputersimulation(Eitel,etal.,2010).
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Nowadays,thesimulationapproachisthetechniquecommonlyusedinhealthcaremanagement.
Simulationhasbeenusedsuccessfullyinmanydifferentfieldssuchassystemservices,manufacturing,
transportation,medicalsector,supplychain,andsoon.Moreover,thesimulationapproachhasbecome
oneofthebesttechniquesfordecision-makerstoanalyze,evaluateandreviewanyoperatingsystems,
whethersimpleorcomplex(Najmuddin,etal.,2010).

Themainobjectiveofthispaperistoreducethepatient’slengthofstay(LOS),whichisanimportant
keyperformanceindicator(KPI)fortheED,andhasbeenfocusedonbyseveralresearchers(Yousefi&
Ferreira,2017;Nas&Koyuncu,2019),toassessthelevelofHealthcarequalityandpatientsatisfaction.In
thisstudy,weusedmodelingbyaHierarchicalColoured-PetriNets(CP-Nets)tocreateagenericmodel
ofED,amodalitywidelyusedtodescribecomplexsystems(Jensen,etal.,2007;Derni,etal.,2019).

Theremainderofthisarticleisorganizedasfollows.InSection2wementionsomeoftheliterature
thatwasusedintheemergencydepartment.Thehospitalinwhichthestudywasconductedisdescribedin
Section3.Section4containsaresearchmethodologythroughwhichwepresentthesimulationmodeland
discussscenariosforimprovement.Thefinalsectioncontainsasummaryoffutureworkandsolutions.

LITERATURE REVIEw

Theuseofcomputersimulationsinthehealthcaredomainisnotnew,asitdatesbacktothelate1970s
(Hancock,etal.,1979).SeveralresearchershavefocusedonsolvingtheproblemofpatientLOSinthe
EDusingsimulationtechniques(Yousefi&Ferreira,2017).Simulationhasbeenappliedinamultitude
ofissuessuchasanalysisofpatientdata,masteryandoptimisationofflows,processmodeling,and
resourcescheduling(Derni,etal.,2019).Forexample,toreducethepatients’LOS,NasandKoyuncu
(2019)developedasimulationmodeltodeterminetheoptimalnumberofbedsintheED.

Mathematicalmodelsandalgorithmicframeworks(Ala&Chen,2019)wereproposedtoreduce
patientwaitingtimeanddeterminethetimingofemergencycenterservices,andtosolvethepatient
schedulingproblem,TabusearchmethodandL-shapedalgorithmwasused.Dernietal.(2019)[2]
designedtheFuzzyLogicsysteminordertodeterminetheappropriateamountofresourcesthat
couldbeaddedtoED,andtomeasuretheimprovementachieved,aCP-Netssimulationmodelwas
constructedandcomparedtothecurrentstateofthesystem.

AnotherstudybyHsieh(2017),inwhichheproposedasustainablearchitectureandaflexible
schedulingschemethatdynamicallyallocatesavailableresourcesinthehospital,inordertorespond
quicklytopatientsandprovidetimelyhealthcareservices,inthisstudy,themulti-agentsystem,the
contractnetprotocolandtheworkflowspecificationmodelsbasedonthePetrinetwerecombined.
Foroptimalresourceplanninginemergencydepartments,Yousefietal.(2018)reliedonanefficient
methodbasedonagent-basedsimulation,geneticalgorithm,andmachinelearning,wherebymany
resourcesaremodified,includingthenumberofdoctors,nurses,andreceptionists,takingintoaccount
anumberoflimitationsinthesameTime.

Tomodelmedicalprotocols,Mahuleaetal. (2014)dependedonPetrinet, thestagesof the
medicalprotocolfollowedbythepatientaremodeledintheformofaPetrinet,ateachstageofthe
protocol,thenecessaryresourcesareaddedtothemodel,inthelastthecompletemodelisobtained.
ToimprovepatientflowintheED,BappyandRahman(2019)proposedasimulation-basedmodel,in
whichapatientworkflowwasmodeledwhilesuggestingseveralalternativescenarios.TheAnalytical
HierarchyProcessmethodwasusedinordertoobtainabetterscenario,wheresomeresourcesare
addedandsomeareeliminated.

Providingtimelyinformationisveryimportant,especiallyincriticaltimes,soNiranjanamurthyetal.
(2020)developedawebapplicationandanapplication,thegoalofthisworkistoobtainmoreinformation
abouttheCoronavirus,theseapplicationshelpdecision-makersintheEDtomakecrucialdecisions.
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